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There are numerous definitions of the terms malnutrition, undernutrition, and star-
vation, many of which are used interchangeably. Strictly speaking, malnutrition also
refers to an “imbalance” and includes an excess of nutrients. However, within the
context of this handbook we are primarily concerned with a lack or deficiency of one
or more dietary components rather than an excess. Embedded within the deficiency
states is “acute restriction” whereby food is withdrawn or deliberately not consumed
at all. For example, individuals may refrain from eating to provide blood samples for
subsequent analysis or food may be withdrawn from patients before surgery. Further
downstream is the consumption of a fraction of the diet, or none at all. This may arise
when there are restrictions in the amount of food available to an individual or
population. The causes of such restrictions in dietary intake are varied and include
poverty, conflict, and regional famine. In the sociogeographical context, refugees
and displaced persons may also be vulnerable to undernutrition.

Some diseases will impact on the total food consumed, for example, when there
are physical impediments (intestinal obstruction or dysphagia) or anorexia. There
may also be restrictions in the availability of single micro- or macronutrients such as
vitamins, minerals, proteins, lipids, or dietary energy. There may be increased bodily
demands for certain nutrients in some diseases, but these may not be met by the
existing diet, thus resulting in deficiency states.

The impact of such dietary restrictions is variable. Deficiencies in micro- or
macronutrients will impact on cells, organs, individuals, and even populations.
Quality of life measures, for example, are impaired in anorexia and in famine.
Some communities are blighted by the absence of specific micronutrients which
impact on physical and mental health: endemic iodine deficiency is a good example
of this.

It is important to understand the causes of nutrient deficiencies and also to be
aware of the impact on the cell-to-community continuum. The knowledge gained
from understanding how cells and organs respond to nutrient deficiencies may be
transferable to understanding and treating deficiency diseases. At the population
level, it is important to know how to diagnose and treat nutritional deficiencies. In
the wider context, food waste and food insecurity are at opposite ends of the
spectrum but have in common the disparities between provision and need. Policies



Vi Preface

and procedures to address the aforementioned are required to reduce food waste and
food insecurity.

There is a wide range of information that interlinks the complexities of undernu-
trition, disease, famine, sociology, food waste, food insecurity, poverty, provision,
need, policies, and procedures. Hitherto, this has been sporadically distributed across
different publications. This is resolved in the Handbook of Famine, Starvation, and
Nutrient Deprivation: From Biology to Policy. It has wide coverage and also
includes social aspects, refugees, conflict, hunger, anorexia, screening tools, medical
causes of malnutrition, endocrinology, metabolism, tissue systems, life stages,
micronutrients, modeling, cellular and molecular biology, international aspects,
and management.

There are 12 parts as follows:

. General Aspects of Famine and Undernutrition: Setting the Scene

. Effects of Famine

. Food Insecurity, Security, and Waste

. Biosocial and Social Aspects, Inequalities, Low Income, Refugees, and Conflict
. Hunger and Anorexia

. Screening Tools, Classifications, and Applications

. Medical Causes of Malnutrition, Prevalence, and Impact

. Effects of Undernutrition, Endocrinology, Metabolism, and Tissue Systems
. Life Stages, Pregnancy, the Young and Elderly

. Micronutrients

. Modeling Systems, Cellular and Molecular Effects

. International Aspects, Policy, Management, Case Study, and Resources
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The editors recognize the fact that it has been difficult to allocate specific chapters
to the different parts. Some chapters may be suitably placed in different parts of the
book. Nevertheless, the information in the Handbook of Famine, Starvation, and
Nutrient Deprivation: From Biology to Policy is wide ranging. To bridge the
intellectual divide and to provide guidance, each chapter has three sections as
follows:

Policies and Protocols
Dictionary of Terms
Summary Points

Contributors are authors of international and national standing, leaders in the
field, and trendsetters. Emerging fields of nutritional science and important discov-
eries are also incorporated in this book.

This book is designed for nutritionists and dietitians, public health scientists,
doctors, epidemiologists, biologists, health-care professionals of various disciplines,
policy makers, governmental bodies, and strategists. The Handbook of Famine,
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Starvation, and Nutrient Deprivation: From Biology to Policy is designed for
teachers and lecturers, undergraduates and graduates, researchers, and professors
and as a library resource.

Victor R. Preedy
Vinood B. Patel
The Editors
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The result was extensive famine, regarded as one of the great nutritional disasters of
modern times. During the two-and-a-half years of armed conflict, an estimated one
to three million people died, most of them from starvation.

Forty years later, adults in Enugu (the former capital of Biafra) who had been
conceived or born during the famine and who survived the famine show health
problems with two-to-three times higher prevalence of hypertension, glucose intol-
erance, and overweight than those born before or after the war. These findings
support that undernutrition early in life have significant and adverse impact on
human development and physiological design, eventually contributing to an
increased risk for noncommunicable diseases in adulthood such as ischemic
heart disease, stroke, and diabetes. The long-term effects of undernutrition during
pregnancy and in infancy should be considered and receive high priority when
setting goals for global health, education, and economic agendas.

Keywords

Sub-Saharan Africa - Nigeria - Biafran famine - Developmental origins of health
and disease - Fetal undernutrition - Intrauterine growth restriction - Low birth
weight - Metabolic syndrome - Diabetes - Hypertension - Overweight - Obesity

List of Abbreviations

BMI Body mass index

OR  Odds ratio

SBP  Systolic blood pressure

Introduction

Epidemiological evidence supported by experimental data suggests that public
health problems emerging in adult life are not only determined by genes and adult
life-style, but also by perinatal factors acting before and shortly after birth
(Barker 1998; Gluckman and Hanson 2004; Armitage et al. 2004; Gluckman et
al. 2009). According to this concept, early living conditions — of which fetal
nutrition is a key component — shape not only our ability to survive birth and
infancy, but also our physiological capacity to respond to health challenges
occurring later in life. In this way, developmental plasticity in response to early
under- or malnutrition can be considered an important, underlying mechanism
explaining why adults born small — a proxy for fetal starvation — are at increased
risks for cardiovascular disease and diabetes.

In the twenty-first century, the prevalence of obesity, hypertension, and insulin
resistance, i.e., the metabolic syndrome (sometimes also including a proinflammatory
and prothrombotic state) has increased (Manson et al. 2004; Franks et al. 2010). The
metabolic syndrome is the most important predictor of cardiovascular disease and type
2 diabetes (Rapsomaniki et al. 2014; Ekblom-Bak et al. 2009). In developed countries
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around 15% of the adult population is affected and in the developing world, rates of
metabolic syndrome are rapidly becoming even higher. As a result, 80% of all new
cases of diabetes and 85% of all deaths in cardiovascular disease are estimated to
occur in low-middle income countries by 2025-2030 (Joshi et al. 2008).

Although infections still plague many Sub-Saharan African countries, non-
communicable diseases are emerging as leading causes of morbidity and death
(Unwin 2001). Besides better economy and successful vaccination and educational
programs, this change in epidemiology is commonly attributed to rural-to-urban shifts
in adult lifestyle, typically involving obesity-promoting diet, lack of exercise, and
cigarette smoking (Yach et al. 2004). However, there may also be a significant perinatal
contribution to this development. In particular, people who suffered from undernu-
trition in utero and who later in life become exposed to nutritional affluence are
thought to run the greatest risks of cardiovascular disease and diabetes (Barker et al.
1993; Barker 1998; Gluckman and Hanson 2004).

The role of undernutrition during pregnancy for future childhood and adult health
has been evaluated in different settings exposed to famine, most of them outside
Sub-Saharan Africa (1991; Ravelli et al. 1998, 1999; Roseboom et al. 1999, 2001;
Victora et al. 2003, 2008; Bhargava et al. 2004; Richter et al. 2004; Sachdev et al.
2005; Grajeda et al. 2005). Given limited resources, previous and ongoing maternal
— infant undernutrition (Black et al. 2008) and growing numbers affected by car-
diovascular disease, obesity, diabetes, and hypertension (Ike 2009; Unwin 2001), the
significance of poor fetal-maternal health for adult disease risk, would be of great
importance to clarify in Sub-Saharan Africa as well. To do so, researchers from
Sweden and Nigeria focused on long-term health among adult survivors of the
Biafran famine occurring almost 50 years ago in Nigeria (Hult et al. 2010).

The Biafran Famine

In 1960, Nigeria became independent from United Kingdom. As with other new
African states, the borders of the country did not reflect earlier ethnic boundaries,
resulting in social unrest. As a culmination of ethnic and religious tensions, civil war
broke out in Nigeria on 6 July 1967, after the Igbo people in the south-eastern part
had declared independence as the Republic of Biafra. The struggle for control over
the large amount of oil in the southeastern Nigeria is also likely to have contributed
to armed conflict.

Disapproving of the secession, federal Nigerian forces rapidly encircled Biafran
territory and inflow of food to this densely populated enclave was stopped. The
resulting famine was extensive and has been regarded as one of the greatest nutritional
disasters of modern time (Miller 1970). Of the estimated one to three million Biafrans
that lost their lives, only a small fraction (10%) died in military actions and the rest
from starvation. International relief actions were launched but they were insufficient
and the majority of Igbos did not get access to food from these aid programs (Aall
1970). The war ended in January 1970, Fig. 1.
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Adult Health Forty Years Later

To examine the association between early life exposure to malnutrition and adult
life health indicators, a cohort study was performed in 2009 in Enugu (the former
capital of Biafra). In total, 1,339 adults aged 36—44 years and thus born before
(1965-1967), during (1968-January 1970), or after (1971-1973) the years of
famine were recruited at market places of the city, i.e., people representative for
today’s urbanization in sub-Saharan Africa and thought to be at the highest risk
for noncommunicable diseases. Cardiovascular risk factors including blood pres-
sure, plasma glucose, and body mass index were measured (Hult et al. 2010) and
adjusted for sex and BMI.

The results showed that people born during the famine had higher systolic blood
pressure (mean difference + 7 mmHg; p &lt; 0.001), increased plasma glucose
(+0.3 mmol/L; p &lt; 0.05), and waist circumference (43 cm, p < 0.001) than those
born before or after the famine. As shown in Fig. 2, those born during the years of
famine also had a higher risk of hypertension. Similarly, in this group the risks of
impaired glucose tolerance and overweight were elevated. The highest risk for
elevated systolic blood pressure was seen in those exposed to fetal-infant famine
and ending up with overweight in adult life, Fig. 3.

OR
40 — | " i s OR Male
- : 1 ; OR Female
’ : y : p<0.05 vs. 1972
30 I [ [
1
1
25 — I 1
I 1
20 ' ' |
1
1.5 — : ; .
I 1 1
1.0 - I 1 1
I 1 1
1 1 ]r L L : ! 1 1 y Birth
1965 1966 1967 1+ 1968 1969 1970 1+ 1971 1972 1973 year
I L] 1
Famine in early ! Fetal-infant ! Transi- ! Born after the famine
childhood : malnutrition ! tional !
I | period

The Nigerian Civil War

Fig. 2 Risk of hypertension in 2009 by year of birth before, during, and after the Biafran famine.
Odds ratios (OR) for high systolic (>140 mmHg) blood pressure in men and women in Enugu, the
former capital of Biafra, at follow-up in 2009 according to year of birth (1972 reference) (With
permission (this figure has a creative commons license); from Hult M, Tornhammar P, Ueda P, et al.
(2010) Hypertension, Diabetes and Overweight: Looming Legacies of the Biafran Famine. PLOS
ONE 5(10): e13582. » https://doi.org/10.1371/journal.pone.0013582, http://journals.plos.org/
plosone/article?id=10.1371/journal.pone.0013582)
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Fig. 3 Joint effects of exposure to famine in early life and adult overweight in survivors of the
Biafran famine, as risk factors for a systolic blood pressure (SBP) >140 mmHg at 40-years-of-age.
OR crude odds ratio, BMI body mass index. The bars represent the risk of high blood pressure for
people born during the Biafra famine compared with those born after the famine, among individuals
who are normal weight and overweight, respectively

What Could Be the Mechanisms?

During the Biafran famine, the fetal supply line was likely to be seriously
compromised in most pregnant women. Although no birth records exist from that
time, signs of almost universal fetal and infant undernutrition are obvious on photo-
graphs taken during the famine. Some misclassification may have occurred in the above
mentioned study, but if anything, this could only have introduced a conservative bias,
underestimating the true long-term effects of undernutrition in fetal life and in infancy.

Fetal starvation — as reflected by intrauterine growth retardation and low birth
weight at term birth — can cause lasting endothelial dysfunction in small and large
arteries, predisposing the affected individuals to atheroma formation and cardiovas-
cular disease (Leeson et al. 1997; Martin et al. 2000a, b; Singhal and Lucas 2004). In
addition, the vascular phenotype characterizing people born thin include smaller and
stiffer arteries, premature intima-media thickening and capillary rarefaction, all of
which are risk factors for later cardiovascular disease (Martyn and Greenwald 1997;
Martin et al. 2000b; Singhal and Lucas 2004; Brodszki et al. 2005; Gale et al. 2006;
Mitchell et al. 2008; Clough and Norman 2011). Poor fetal kidney development
resulting in fewer nephrons may have contributed to the increased risk for hyper-
tension seen in adult survivors of the Biafran famine (Brenner and Mackenzie 1997)
and thinness at birth has previously been associated with lower glucose tolerance in
childhood (Law et al. 1995) and adult life (Phillips et al. 1994a, b), especially after
reduced protein intake during pregnancy and lactation (Smith 2006). Interestingly,
maternal undernutrition may also result in behavioral changes in the offspring, such
as sedentariness and increased appetite (Vickers et al. 2000, 2003) which could be in
the casual pathway for development of overweight and obesity after famine in early
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Effects of Famine in Fetal Life

Early Gene Expression
Epigenetic modification:

Factors in the Fetal-Infant Environment
(Under/malnutrition, Stress, Preterm birth)

Stem cells

Developmental Adaptations/Switches
« Altered Cell Cycle (proliferation/apoptosis, differentiation)
« Altered Signaling Systems & Receptors
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life. Accordingly, different adaptive responses to pre- and perinatal undernutrition can
alter the phenotype in terms of physiology, neuroendocrine, and behavioral responses,
processes sometimes referred to as “developmental programming,” Fig. 4.

Protein Undernutrition in Fetal Life and Later Health

The Biafran famine was characterized by a particularly severe scarcity of proteins,
manifested in a large number of infants and children suffering from kwashiorkor
(Miller 1970). In experimental models, protein deficit in fetal life results in abnormal
glucose homeostasis and vascular endothelial dysfunction in the adult offspring
(Armitage et al. 2004).

The role of fetal protein restriction with regard to programming of high blood
pressure is less clear. Besides the nutritional insult, pregnant women in former Biafra
were living under conditions of war. Such stress for mothers and infants could also have
contributed to higher blood pressure in later life, possibly mediated via sympathoadrenal
overactivity (Johansson et al. 2007) or exaggerated responses to stress in the hypotha-
lamic-pituitary-adrenal system (Welberg and Seckl 2001; Fish et al. 2004).

Role of Epigenetics

Besides direct effects of fetal-infant undernutrition on cell division, signaling sys-
tems, and organ size, early fetal gene expression may also be epigenetically modified
in response to environmental exposures (Murphy and Jirtle 2003). One of the best
studied epigenetic control mechanisms — in which gene expression is changed
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without altering the genome — is DNA methylation (Jirtle and Skinner 2007). DNA-
methylation status at birth has been related to both maternal pregnancy diet and to degree
of adiposity in her child at age 9 years (Godfrey et al. 2011), and to aortic stiffness — a
risk factor for cardiovascular disease — at school-age (Murray et al. 2016). Experimental
data also suggest that diet restriction during pregnancy may increase the risk for type 2
diabetes in later life through epigenetic mechanisms (Sandovici et al. 2011).

The Importance of Timing

The importance of timing for later effects of early life famine has been demonstrated
in follow-up studies of the Dutch famine, occurring in the end of the Second World
War. These studies indicate that undernutrition during different parts of pregnancy
may result in different adult risk profiles and outcome, with the highest adult disease
risk seen in those exposed to undernutrition early in pregnancy (Painter et al. 2005;
Roseboom et al. 2011; van Abeelen et al. 2012b, d). Although available information
on the Biafran famine does not allow for a detailed analysis of the timing of the insult,
the striking dose-response effect found between birth during years of famine and over-
risk for hypertension in adult life (Fig. 2) supports the idea of a causal relationship.

Starvation and Growth in Childhood

As illustrated by the Biafran and Dutch famine follow-up studies (van Abeelen et al.
2012a, b, c), exposure to starvation not only in fetal-infant life but also in childhood
is associated with increased risks (but not as pronounced as exposure in fetal-infant
life) for hypertension and diabetes in adult life. Children and young adults with
accelerated or exaggerated growth following famine in early life seem to be at
highest risks (Eriksson et al. 2000; Adair and Cole 2003).

Implications

The famine triggered by the Nigerian civil war represents double misfortune with
obvious immediate suffering and health problems for those people exposed to
famine, followed in the next generation by increased risks for noncommunicable
diseases for those who were conceived and born during famine and survived. Such
health problems — originating from reproduction during famine and emerging later in
adult life — are not restricted to those investigated herein, but also include increased
prevalence of musculoskeletal problems, immune disorders, cognitive disabilities,
and psychiatric diseases (Gluckman and Hanson 2006), Fig. 5. Therefore, the
Biafran famine has and will have significant impact on health of the affected
families, on the health care system, society, and economy.

The implications are important. On a population level, a 2-3 mmHg increase in
mean blood pressure has been translated into an estimated increase in cardiovascular
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deaths by 25% and stroke by 32% (Yusuf et al. 2000). Given the combination of
elevated blood pressure and glucose intolerance resting on a basis of prevalent
obesity before middle age — characteristic for today’s urban Nigeria — it is not
surprising that morbidity and deaths from stroke and coronary heart disease are
increasing. The increasing burden of noncommunicable diseases therefore poses a
massive challenge to build-up sufficient health care systems infrastructure in sub-
Saharan Africa. Although nutritional disasters with the same severity as the Biafra
famine are perhaps not seen in sub-Saharan Africa today, maternal starvation, fetal
growth restriction, and infant malnutrition are common and ongoing public health
problems on the African continent. Prevention of fetal and infant undernutrition
should be given high priority in national health, education, and economic agendas on
how to limit the increase of noncommunicable diseases in many African countries.

Policies and Protocols

Measuring and Interpreting Blood Pressure, Blood Glucose, and
Body Mass Index

In this chapter we have described health in 40-year-old survivors conceived and
born during the Biafran famine. The health outcome variables of these people
included determination of three common predictors of cardiovascular disease and
diabetes: blood pressure, glucose levels in blood, and body mass index. When
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measuring such outcomes, it is important to consider predefined standard oper-
ating procedures and to use validated devices (Topouchian et al. 2006). When
interpreting data and results, it is also important that common and generally
accepted criteria for hypertension, glucose intolerance/diabetes, and over-
weight/obesity (Alberti et al. 2006) are used.

Global and Local Governance over Health Care, Education, and
Nutrition

In this chapter we have described that famine among pregnant women and their
infants represents double misfortune: besides the immediate suffering and risk of
death for both the woman and her fetus or newborn infant, famine in fetal-infant life
will — even after the situation has resolved — results in a weaker construction and
design of human physiology which cannot be fully repaired or compensated for later
in childhood and adult life. This will result in increased risk for noncommunicable
diseases in later life. Given that severe undernutrition and famine still is ongoing,
in several cases in the same settings that now are facing an increasing burden of
noncommunicable disease, nutrition, and health of pregnant women and their infants
is the best investment for the future and should receive highest priority in global and
national health, education, and economic agendas.

Dictionary of Terms

* Endothelium — The endothelium is the inner cell-lining of all blood vessels. The
endothelium has many important function related to how the blood vessels
function. The endothelium can actively open or close blood vessels, activate
clotting, and open the vascular wall for white blood cells fighting infections in
the tissue. Endothelium dysfunction is one of the earliest signals of increased risk
for cardiovascular disease.

» Capillary rarefaction — The capillaries are the smallest blood vessels through
which oxygen and nutrients can be released to the tissues and surrounding cells.
The total surface area of the capillaries is comparable to that of a normal football
court. Capillary rarefaction means loss of capillaries and surface area for
exchange of oxygen and nutrients to tissues. Fewer capillaries will also contribute
to build up pressure in the vascular system.

* Intima-media thickness — The intima-media is a part of the vascular wall.
Thickening of the intima-media in arteries — for example to the brain — signals
early atherosclerosis and increased risk for stroke in the future.

* Atheroma — An atheroma constitutes a local thickening in an artery caused by
fatty accumulation and inflammation of the vessel wall. Atheroma precedes the
formation of arterial plaques which means that the thickening of the blood vessel
inner wall has been calcified. Once plaques are present, the vessel lumen is
narrowed and eventually occluded by a clot. Depending on where the occluded
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artery is located, it will result in myocardial infarction (heart attack), stroke, or
peripheral ischemia, usually in a foot or leg.

* Cardiovascular disease — means ischemic heart disease (myocardial infarction
or heart attack), stroke or more rare complications to atherosclerosis.

* Glucose intolerance — means elevated levels in blood or plasma of glucose but
still not fulfilling criteria for diabetes. The limits are different for random blood
glucose, blood glucose after an overnight fast or after ingestion of a standard
amount of glucose. Glucose intolerance is associated with overweight and obesity
and can precede gestational or type 2 diabetes. In turn, diabetes is closely related
to accelerated vascular aging and atherosclerosis.

Summary Points

» Middle-aged survivors of the Biafran famine — regarded as one of the great human
disasters of modern times — suffer today from hypertension, glucose intolerance,
and overweight, predicting increased prevalence of cardiovascular disease and
diabetes.

» These findings support that undernutrition early in life irreversibly affect human
physiology so that noncommunicable diseases in adulthood — such as heart
attacks, stroke, and diabetes — will increase.

* Perinatal contributions to adult disease are most pronounced in countries under-
going a rapid rural-to-urban transition in life-style and diet.

* Prevention of undernutrition during pregnancy and in infancy should therefore
receive high priority in global health, education, and economic agendas.
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The Great Irish Famine 1845-1850: Social
and Spatial Famine Vulnerabilities

Declan Curran

“Several persons, residents of Castlebar, have informed us
that while digging potatoes in their fields they encountered an
intolerable stench, which, after examination, they found to
proceed from the putrid state of the esculents they were in the
act of unearthing [. . .] Should this fearful malady spread
among the crops of the rural population, dreadful indeed must
be the consequences to the poor, whose sole dependence in
this country is the potato crop.”

[Excerpt from Mayo Telegraph, reprinted in Freeman's
Journal, Friday 19 September 1845, p. 4]
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famine hardship experienced by poorer classes in rural areas. More generally, this
chapter advocates that episodes of famine be understood in terms of a complex
interaction between the immediate catalyst of famine and the pre-existing social
and spatial variations that define the local context in which the dire consequences
of famine unfold.
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Introduction

Early reports of the potato blight’s arrival on Irish shores in September 1845 provide
visceral accounts of a harvest rotting where it had been planted and warn of
imminent, inevitable suffering on a national scale. However, as alluded to in the
Mayo Telegraph excerpt above, the famine maelstrom into which Ireland was about
to be thrust would not afflict all localities to the same extent. Rather it would reveal
entrenched famine vulnerabilities which had crystalized in the prevailing socioeco-
nomic and political landscape of the pre-famine decades (Curran 2015). These pre-
existing famine vulnerabilities reflected national fissures that were both social — an
estimated three million landless laborers and smallholders dependent on the potato
as a subsistence foodstuff — and spatial — an established regional geography of
deprivation and poverty. This chapter provides an overview of these pre-existing
social and spatial famine vulnerabilities and traces their influence on subsequent
famine mortality and famine relief efforts.

The immediate devastation wrought by the Great Irish Famine (4n Gorta Mor)
of 1845-1850 has been well documented: with an estimated 1 million famine-related
deaths from a population of 8.5 million in 1845 and an emigration outflow in excess
of 1 million Irish inhabitants, the Famine onslaught culminated in a 20% population
decline over the period 1845-1851 (Boyle and O Grada 1986; Mokyr 1983; O Grada
2012). The longer term imprint of the famine on Irish development has also been
well established, characterized as it was by continued population decline and
emigration into the early decades of the twentieth century (Vaughan and Fitzpatrick
1978). These demographic trends were accompanied by a transformation of Irish
social and economic structures, as landless laborers and smallholders — those who
had borne the brunt of famine-era hardship — faced further difficulties in a post-
famine agricultural landscape that was shifting from tillage to pasture, under-
going a consolidation of landholdings, and becoming increasingly mechanized
(Guinnane 1997; O Grada 2007).

This chapter begins by situating the famine onslaught and aftermath in the
context of Ireland in the first half of the nineteenth century. While the famine left
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an indelible mark on subsequent Irish socioeconomic development, the famine
unfolded in a particular Irish socioeconomic setting that had established itself over
the preceding decades.

Pre-Famine Ireland

The late 1700s and early 1800s represent a period of rapid Irish social and economic
change, which can be seen as the product of intertwined domestic and international
factors. In an international context, a series of technological improvements in textiles
and a major geopolitical event, the Napoleonic Wars of 17931815, provided a great
stimulus to Irish economic development and, through their interaction with existing
social and economic structures within Ireland, these developments had far reaching
consequences for Irish living standards. The Napoleonic Wars, in particular, brought
great benefit to Irish agricultural interests, conferring on Ireland a near monopoly
status in British wartime food importation due to blockade of continental trade (Daly
1981). These economic developments were accompanied by an unprecedented
population explosion, particularly in Connaught and Munster whose greater propor-
tion of small farmers reaped the benefits of the wartime boom (Donnelly 2002). This
period also saw the emergence of textiles as an important cottage industry,
supplementing rural farm incomes (Daly 1986). Linen was the most successful of
the Irish textile industries and by 1800 linen had developed into a major rural cottage
industry, emerging in north east Ulster and spreading across the northern half of the
country and into isolated parts of the west. Many landless laborers and smaller tenant
farmers earned additional income, either by spinning yarn or weaving coarser
fabrics, while many weavers rented a plot of land where they grew potatoes but
paid the rent from weaving earnings.

The end of the war in 1815, however, along with the collapse of the domestic
textile industry, ushered in an era of economic instability between 1815 and the eve
of the famine. The reopening of the British market to grain imports from continental
Europe and the demobilization of the British army and navy created a more chal-
lenging environment for Irish agriculture. Economic difficulties intensified in 1820,
as falling agricultural prices eroded public confidence in the abilities of small private
Irish banks to meet their obligations and triggered a wave of bank closures (Cullen
1972; O Grada 1994). Within a two-week period in May—June 1820, seven of the
fourteen banks servicing the southern counties of Ireland had folded (Barrow 1975;
Collins 1988). Further economic difficulties ensued in 1825-1826, in part as a
spillover from financial crisis within the British financial system but also due to
deflationary pressures arising from the implementation of the currency union
between Ireland and Britain envisaged by the 1800 Act of Union. The economic
consequences of the 1800 Act of Union, which abolished the Irish parliament and
established a new political unit known as the United Kingdom of Great Britain and
Ireland, involved the following steps: abolition of intra-Union trade barriers,
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establishment of a common external tariff, consolidation of the exchequers, and the
merger of the two currencies. The first two steps were implemented in 1801, the
exchequers were consolidated in 1817, and the currencies merged in 1826 (Cullen
1972; Geary and Stark 2002).

Irish agriculture did overcome its post-war slump, as prices of grain, livestock,
and dairy began to recover in the 1830s, and export volumes expanded once
again (O Grada 1994). However, the domestic textiles industry, which had been
the second major area of economic expansion in eighteenth-century Ireland and
had been an important source of supplementary income for the rural poor, entered
into a terminal decline in the decades prior to the famine. While Belfast’s large
population of skilled weavers and existing mills enabled the region to establish
the region as an early center of mechanized fine linen spinning, the rural cottage
textile industry could not compete in the face of large-scale mechanized produc-
tion (O’Malley 1981).

This decline of Irish industry and fluctuations in Irish agriculture led to a
deterioration of the position of the landless poor and small tenant farmers, who
accounted for at least half of the population prior to the famine, and left them
particularly vulnerable to the famine onslaught when it struck. Landless laborers
and smaller tenant farmers were now almost exclusively dependent on farming, and
in particular the potato crop, for subsistence.

Pre-Existing Famine Vulnerabilities

The socioeconomic transformations experienced in the pre-famine decades created
uneven famine vulnerabilities across the country, along both social and spatial lines,
which exacerbated Ireland’s susceptibility to famine. These distinct famine vulner-
abilities are exemplified by the disparities evident in pre-famine living standards
across social groups and regions and, related to this, the uneven economic geography
which prevailed in Ireland at this time.

The 1841 census provides an invaluable insight into the socioeconomic variation
prevailing within pre-famine Irish society. The 1841 census categorizes respondents
as: (1) property owners, and farmers of more than 50 acres; (ii) artisans, and farmers
of 5-50 acres; (iii) laborers and smallholders up to 5 acres; and (iv) “means
unspecified.” For rural districts of the country as a whole, the first two categories
accounted for 30% of families. A further 68% of rural families consisted of laborers,
small holders with less than five acres, and less prosperous artisans, while 2% of
families were unspecified. However, these first two categories of larger landholding
combined ranged from 40% to 42% in some eastern counties to below 23% in the
western counties of Donegal, Sligo, Leitrim, Roscommon, Mayo, Galway, and
Clare. Regional disparities in living standards are also evident from the illiteracy
data reported in the 1841 census, which put illiteracy in the 16-25-year age cohort at
27.6% and 29.5% for Ulster and Leinster, respectively, compared to 48.5% and
62.5% for Munster and Connaught, respectively. The proportion of illiteracy for
older age cohorts in Munster and Connaught resided within a range of 60—80%



2 The Great Irish Famine 1845-1850: Social and Spatial Famine. .. 21

(Mokyr and O Grada 1988). The divergence in living standards between Irish social
groups in the half century prior to the famine has also been documented in Mokyr
and O Grada’s research, which finds that while the urban and middle classes may
have experienced some moderate increase in their incomes, the landless poor
experienced increasing impoverishment. Though the nutritional content of the potato
and widespread access to heating fuel in the form of turf may have ameliorated
conditions somewhat for landless laborers and cottiers, the collapse of the cottage
textile industry had a devastating impact in many rural areas and led to an increased
dependence on the potato crop as a means of subsistence. The analysis of Mokyr and
O Grada draws on a number of sources: responses to the Poor Inquiry Commis-
sioners, a body appointed by the British parliament in 1835 which collected
responses from 1,590 Catholic and Protestant clergymen on the conditions facing
the Irish poor; consumption data of sugar, tea, and tobacco; as well as indicators of
human capital formation such as illiteracy and school attendance.

A unique economic geography had established itself in Ireland prior the famine.
The regional dispersion of agriculture across the country reflected the fact that
commercial farming was prominent on the better and drier land of east and south
east, which was also nearer to the British market, while the transport of grain from
the midlands was facilitated by a network of canals. The more remote areas of the
west, north-west, and south-west suffered from poorer soil quality, a wetter climate,
and from greater difficulties in gaining access to export markets due to high transport
costs (Cullen 1972; Daly 1986; Mokyr 1983). Concurrent regional and social
obstacles to pre-famine agricultural commercialization are also identified by O
Grada (1988): the west of the country engaged in less commercial farming due to
farm sizes being smallest and dependence on the potato as a subsistence crop being
greatest, while smallholders and laborers nationwide engaged in less commercial
farming as they consumed the subsistence potato crop produced on their plot of land
and paid their rent mostly in labor.

As noted above, the retrenchment of the textile industry from a cottage-based
rural dispersion to an industrialized core of north east Ulster increased the depen-
dence of rural areas on agriculture. Underpinning the structure of Irish pre-famine
agriculture was the contentious issue of land ownership: agricultural land in pre-
famine Ireland largely resided in the hands of several thousand landlords, most of
whom were descendants of families granted land either by Cromwell or the British
Crown in the seventeenth century. Landlords were typically of Anglo-Irish stock and
Protestant religion, though some traditional Irish landlords had survived. Few
landlords were actively involved in managing their estates (Daly 1981). Landlords
invested little in the maintenance or improvement of their estates, leaving the
introduction of more efficient equipment or methods to the stronger tenants (O
Grada 1994). Instead, landlords rented their land on long-term leases in order to
receive a secure fixed income. These leases were often granted to large tenants,
known as middlemen, who then sublet portions of land to numerous smaller tenants
(Daly 1981). This role of middlemen as intermediate landlords was all but eradicated
during the famine years as their small tenants fell into insurmountable rent arrears
(Donnelly 2002).
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The labor requirements of tillage farming contributed to the division of landhold-
ings into smaller plots. Commercial famers made agreements with permanent
laborers known as cottiers, whereby the cottier provided his labor to the farmer for
a fixed daily rate. The cottier would also rent a portion of land (conacre) from the
farmer on a short-term lease for a fixed annual sum payable as days worked for the
farmer. On this parcel of land, the cottier could build a cabin and grow the subsis-
tence potato crop. Casual laborers (spalpeen) also rented conacre plots, but their
employment was less secure than that of cottiers. These casual laborers often
received monetary payment, although potatoes, turf, and other provisions were
also used as a means of payment (Crotty 1966; Daly 1986). Subdivision of land
also took place on smaller noncommercial farms. In some cases, small- and medium-
sized farmers supplemented their income by subletting small plots of land to
laborers. Subdivision was also undertaken within families in order to provide for a
son or act as a dowry for a daughter’s marriage. This process of subdivision led to the
formation of ever smaller landholdings as families were pushed on to marginal land
suitable only for potato cultivation. As Daly notes, by the eve of the Famine, the
potato crop sustained an entire socioeconomic system (Daly 1997, p. 39).

The role of the potato in the average Irish diet was far greater than in the rest of
Western Europe, with Irish daily potato consumption per capita more than double the
Prussian or Netherlands equivalent (Vanhaute et al. 2007). Despite being unsuited to
storage or transportation, the potato’s high nutritional content, relatively dependable
yield even in poor soil during the pre-famine years, and its suitability as a foodstuff
for both man and livestock led to an over-dependence on the crop, particularly
among the poorer layers of Irish society. It has been estimated that, in the pre-famine
years, potato consumption of the average adult male among the laborer, cottier, and
smallholder classes was 12—14 Ib per day (Bourke 1993). O Grada estimates that on
the eve of the famine, Irish laborers, 40% of the Irish population, accounted for over
60% of human annual potato consumption. Cottiers (17% of the population) and
small farmers (6% of the population) accounted for 13% and 5% of annual potato
consumption, respectively (O Grada 2012, p. 46). By 1845, the potato’s share in
tilled acreage was little short of one-third and about three million people were largely
dependent on it for food (O Grada 1988).

The Famine Onslaught

The immediate cause of the Great Irish famine was the fungus Phytophthora
infestans, which decimated the Irish potato crop in the harvesting seasons of 1845,
1846, and 1848 (Bourke 1993). The presence of the fungus was detected in Belgium
in late June 1845, possibly introduced via potato imports from South America
(Neiderhauser 1993). By mid-July, the fungus had spread from Belgium to the
Netherlands, and by mid-August it had been detected in France, Germany, and
Southern England. By late August, Phytophthora infestans had arrived in Ireland,
where it was first observed in the Dublin area (Dowley 1997). When the potato blight
struck Ireland in Autumn of 1845, it destroyed about one-third of that year’s potato
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crop and nearly the entire potato crop of 1846. While 1847 marked a respite from
potato blight, the 1846 crop failure led to a severe shortage of seed which resulted in
the area planted in 1847 being only about 25% of that of the previous year. The
potato blight returned with a vengeance in 1848, destroying most of that year’s
harvest (Dowley 1997).

Notwithstanding difficulties in reconstructing famine-era excess mortality statis-
tics, estimates place the level of excess mortality due to the Irish Famine at one
million deaths, nearly one-eighth of the entire population (Mokyr 1983). Indeed, this
estimate would be greater were it to include births which did not take place due to the
famine, estimated be the region of 300,000, or famine-related deaths abroad (Boyle
and O Grada 1986). Outright starvation was not a major cause of death during the
famine years (Geary 1997). The vast majority of those who perished as a result of the
famine succumbed to dysentery, typhus, typhoid fever, and other hunger-induced
infectious diseases. Contagious fevers, such as typhus, were particularly virulent due
to a famine-induced breakdown in personal hygiene, overcrowded workhouses, and
famine-era migration and vagrancy (Daly 2007).

As the famine’s grip tightened on the poorer classes of Irish society, famine-
related mortality was distributed very unevenly across the country. The distribution
of famine-induced excess mortality across Irish province has been estimated as:
Connacht, 40.4%; Munster, 30.3%; Ulster, 20.7%; and Leinster, 8.6% (Donnelly
2002, pp. 176—178). Regional mortality rates also reflect the protracted nature of the
famine. The south and west of the country bore the brunt of the Poor Law Amend-
ment in 1847 (discussed below), which placed the full burden of financing poor relief
on the Irish rate payer and thereby prompted large-scale evictions by landlords as
they sought to lessen their poor rate obligations (O Grada 1994; Donnelly 2002).

Famine conditions also triggered a mass exodus from Irish shores, with over one
million people emigrating from Ireland between 1846 and 1851 (Cousens 1960;
Boyle and O Grada 1986). Irish emigration was not immediately impacted by the
failure of the potato crop in Autumn 1845. It was the second, more widespread,
season of blight in 1846 that triggered an immediate large-scale emigration
flow in which migrants undertook risky winter transatlantic crossings with little or
no food provisions (MacDonagh 1966). The first wave of emigrants were mainly
poor cottiers, but were soon followed by smallholders of all types. It is the 1847
transatlantic crossings in particular that have come to be associated with appalling
levels of suffering and mortality, the infamous “coffin ships” on which Irish emi-
grants made their way to ports in America and Canada, and outbreaks of disease at
the landing posts (MacDonagh 1966; Daly 1986). While the relatively less severe
potato deficiency in Autumn 1847 led to a brief respite in emigration flows, the total
failure of the potato crop in 1848 lead to a resumption of emigration at levels
previously experienced in 1846 and early 1847. Mortality rates were particularly
high on crossings to Canada in 1847. Miller (1985, p. 292; 2008, p. 67) estimates
that at least 30,000 emigrants may have died on the Canadian route or in fever
hospitals on their arrival. This third season of blight appears to have broken the
morale of those cottiers and small farmers who had up to that point held on to their
landholdings.
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Famine conditions also triggered internal migration within Ireland, though
the extent and consequences of this remain under-researched aspects of the famine
(O Grada 2007). Cousens characterizes internal migration during the famine as a
short-lived influx in to larger urban centers, which was curtailed as relief efforts at a
local level were restricted to local residents (Cousens 1960). Donnelly also depicts a
rural to urban migration pattern, with large crowds from the countryside congregat-
ing in urban areas and at workhouses, food depots, and soup kitchens (Donnelly
2002, pp. 172-173).

Policy Measures Aimed at Famine Relief

Initial publicly funded famine relief initiatives were implemented as temporary
measures, funded in part by the British exchequer, with the aim of addressing an
exceptional situation. In November 1845, the Tory government of Sir Robert Peel
undertook the covert purchase of £100,000 worth of Indian Corn and meal in the
United States, with the supplies arriving in Ireland from February to June 1846
(Donnelly 2002). Local relief committees and a network of food depots were set up
to distribute the food, though with some delay. As Gray notes, Peel’s commitment to
free trade and the abolition of the Corn Laws limited the extent to which he was
prepared to engage in such pragmatic interventions and by April 1846 Peel
had eschewed anything other than marginal interventions in the food market
(Gray 2007).

In early 1846, a scheme of public works, mostly involving road improvements,
was established in order to provide employment so that the destitute could purchase
food. The public works schemes were overseen by either county grand juries, in
which case the entire cost of the works was borne by the county, or a local Board of
Works, whereby half the funds advanced were to be repaid to the British treasury and
half treated as a grant chargeable to the British consolidated fund. The public works
schemes quickly came to be regarded by government officials as an unproductive use
of public expenditure, a system open to widespread abuse, and a diversion of
productive labor away from agriculture (Gray 2007). By March 1847, the public
works employed seven hundred thousand people (one-twelfth of the Irish popula-
tion). However, the public works schemes did not succeed in containing the famine,
as they did not target the neediest, paid too low a wage, and exposed the malnour-
ished and poorly clothed to harsh weather conditions (O Grada 2007). Under the
Whig government of Sir John Russell, which came to power in July 1846, the public
works scheme was replaced in Spring 1847 with a system of soup kitchens. This
measure was intended to be temporary, lasting until a revised Poor Law system had
been put in place (Donnelly 2002). The soup kitchens were financed by local
ratepayers and private subscriptions from local landowners, and at their peak in
early 1847 provided meal-based gruel for three million people daily (O Grada 1988).
The soup kitchen scheme was brought to an end in September 1847, at a time when
mortality rates appeared to wane, food prices had fallen, and demand for seasonal
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work was anticipated. However, a further season of complete potato crop failure was
to follow in 1848.

The British government’s relief policy after September 1847 sought to bring
famine relief measures under the auspices of the existing Poor Law system. The
rationale here was to shift the burden of financing relief from the British treasury to
Irish rate-paying landlords and tenants, with the workhouse system becoming the
main thrust of subsequent relief efforts (Daly 1986). The Poor Law Amendment of
1847 allowed for the provision of outdoor relief to anyone unable to work due to age,
disability, or ill-health, together with orphans and widows with two or more children
(Crossman 2006). However, the able bodied poor could only avail of relief within the
workhouse, unless circumstances such as the workhouse being full or infected
rendered outdoor relief necessary. One particular provision within the 1847 Poor
Law Amendment, the infamous Gregory Clause, prohibited tenants with landhold-
ings of more than one-quarter of an acre from accessing relief. The Gregory Clause
triggered a wave of land clearances and evictions, as landlords sought to remove
impoverished cottiers from their property (Donnelly 2002). Estimates of the number
of evictions over the course of the Famine vary greatly: Vaughan (1984) estimates
that over 70,000 families were evicted over the period 1846 and 1853, while analysis
undertaken by O’Neill (2000) puts the number of evicted families at 144,759 for the
period 1846—1854.

The geography of land clearances yet again illustrates where heaviest burden
the famine-era suffering was borne, with the heaviest toll recorded in Connaught
and Munster. Indeed, one county in Connaught (Mayo) was the scene of 10.5%
(26,000 tenants) of all evictions in Ireland during the years 1849—1854 (Donnelly
2002, pp. 156-157). As a result of the Gregory Clause, many smallholders were
forced to give up their land in order to qualify for relief, losing their homes in the
process and swelling the numbers dependent on the workhouse system. The
numbers seeking relief within the workhouses rose to 932,284 in 1849, with a
further 1,210,482 seeking outdoor relief (Daly 1986). The overcrowded work-
house system, with its regime of hard labor and conditions that spread contagious
diseases, led to very high mortality rate within workhouses. O Grada (2007, pp.
47-49) estimates that about one-quarter of all famine-induced excess mortality
occurred within the workhouse system.

Conclusion

Irrespective of country or time period, all famine episodes are characterized by
appalling levels of death and suffering. The Great Irish Famine (1845-1850)
inflicted an estimated 1 million famine-related deaths on a pre-famine population
of 8.5 million, not to mention the attendant wave of averted births believed to be in
the region of 300,000, and triggered an emigration exodus in excess of 1 million
Irish inhabitants. Irish population decline and emigration continued into the early
decades of the twentieth century. Irish social structures were dramatically altered
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by the famine, as landless laborers and smallholders — who had been the major
casualties of the famine — struggled to adapt as post-famine agriculture switched
from labor-intensive tillage to land-intensive pasture. As outlined in this chapter,
episodes of famine should be understood in terms of a complex interaction
between the immediate catalyst of famine and the pre-existing social and spatial
variations that define the local context in which the dire consequences of
famine unfold.

While the catalyst for subsistence, as opposed to man-made, famines may
often be unanticipated climatic or environmental events, the human face of
famine-era suffering ensures that famines are always inherently political. As
such, issues such as inadequacy of government policy initiatives to alleviate
famine-era distress have raised the contentious issue of culpability in interpreta-
tions of the Great Irish famine. In documenting the historiography of the Irish
Famine, Lee (1997) and Donnelly (2002) note that academic scholarship had long
been dismissive of the genocidal interpretation embodied by John Mitchell’s The
Last Conquest of Ireland (perhaps), published in 1861. This divergence in famine
narratives is clearly illustrated by the contrast between the two most prominent
book length studies of famine to emerge prior to the 1990s: The Great Hunger:
Ireland, 1845-1849 Woodham-Smith (1962), which shared many of Mitchell’s
sentiments, and The Great Famine: Studies in Irish History, 1845-1852 by
Edwards and Williams’ (1957), a revisionist work which eschewed the traditional
nationalist view of the famine.

Since the 1980s, a more nuanced characterization of the Irish famine has
emerged which challenges both nationalist and revisionist narratives (Curran et
al. 2015). These “post-revisionist” studies have been influenced conceptually by
contemporary studies of hunger and poverty and methodologically by the emer-
gence of new statistical and econometric techniques (see for example, the quan-
titative work of Mokyr (1983) as well as the O Grada (1998) discussion of
Amyrta Sen’s food entitlement view in the Irish context). One notable contribu-
tion to the discussion of famine culpability is that of Peter Gray, who analyses the
response of British government and public opinion to the famine, in the context
of famine-era debates about the nature and future of Irish society (Gray 1999).
Gray, drawing on archival material and the personal correspondence of contem-
poraries, examines the prevailing ideologies among elite British politicians and
civil servants during the famine years. What emerges is a dogmatic distain among
British policymakers for publicly funded relief efforts, predicated on ideas of
moralism, a providentialist view of the famine, and lassaiz faire economics,
which had deadly consequences for those enduring the deteriorating famine
conditions. However, even the very concept of famine culpability is one that
warrants further interrogation. As Noack et al. (2012, p. 12) contend, a distinc-
tion should be made between culpability which centers on adequacy of govern-
ment relief efforts and humaneness of intentions in the face of the crisis, and
culpability in which the government is the instigator of the crisis.
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Dictionary of Terms

An Gorta Mor — Irish language term for the Great Irish Famine, 1845-1850.
Act of Union — The Act of Union (1800) abolished the Irish parliament and
established a new political unit known as the United Kingdom of Great Britain
and Ireland.

Phytophthora Infestans — A destructive plant pathogen which caused the potato
blight that decimated the Irish potato crop in 1845, 1846, and 1848.

Cottier — A peasant farming a smallholding of not more than half an acre.
Conacre — A system of letting land in small patches or strips, usually for tillage.
Spalpeen — A poor migratory farm worker in Ireland.

Gregory clause — A provision of Poor Law Amendment Act introduced by the
British government in 1847 which prohibited anyone holding one-quarter of an
acre or more of land from receiving any assistance under the Irish Poor Law; also
known as the Quarter Acre Clause.

Summary Points

Great Irish Famine (1845—1850) unfolded in the context of pre-existing social and
spatial disparities.

The end of the Napoleonic Wars (1815) ushered in a period of economic
instability that particularly affected those dependent on agriculture for employ-
ment and subsistence.

The decline of the rural cottage linen industry, in the face of increased mechani-
zation, removed a further source of additional income from small tenant farmers.
Subdivision of landholdings among families into ever smaller portions was
common practice, with the high yield of the potato as a subsistence crop partly
sustaining this practice.

As documented in the 1841 census, on the eve of the famine, localities in west and
southwest of the country exhibited markedly lower living standards than the rest
of the country.

By 1845 the potato’s share in tilled acreage was little short of one-third and about
three million people were largely dependent on it for food.

The famine resulted in an estimated 1 million famine-related deaths from a
population of 8.5 million in 1845 and an emigration outflow in excess of 1
million Irish inhabitants over the period 1845-1851. Irish population decline
and emigration continued well into the early decades of the twentieth century.
Post-famine Ireland underwent a transformation of social and economic struc-
tures, as landless laborers and smallholders — those who had borne the brunt of
famine-era hardship — faced further difficulties in a post-famine agricultural
landscape that was shifting from tillage to pasture, undergoing a consolidation
of landholdings, and becoming increasingly mechanized.
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* Early famine relief efforts included temporary interventions in the grain market
and the provision of food via soup kitchens. However, from 1847 onward, Irish
famine relief was incorporated into the existing Poor Laws, which meant that
burden of financing Irish famine relief was transferred to Irish ratepayers. From
1847, able-bodied poor could only receive relief within the workhouse system.

*  Within the 1847 Poor Law Amendment, the Gregory clause has gained particular
notoriety: this clause prohibited tenants with landholdings of more than one-quarter of
an acre from accessing relief. The Gregory Clause triggered a wave of land clearances
and evictions as landlords sought to clear indebted smallholders form their estates.

* In the aftermath of the Irish famine, nationalist narratives emphasized British
culpability in exacerbating famine mortality. Subsequent revisionist narratives in
turn eschewed this culpability argument. Since the 1980s, a more nuanced
characterization of the Irish famine has emerged which challenges both national-
ist and revisionist narratives.
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Abstract

In many developing countries, especially in Sub-Saharan Africa, agriculture plays
a central role in economic life. This was particularly true in Ghana during the
early 1980s, as the sector employed a little over half of the total labor force and
accounted for close to 60% of gross domestic product (GDP; World Development
Indicators). In the absence of any irrigation, rainfall levels largely determined
agricultural output and therefore the livelihoods of much of the population. While
Ghana experienced droughts throughout its history, the 1981-1983 drought
stands out for its severity. This chapter examines the origins of the drought and
the resultant famine before tracing out its immediate and long-run consequences
on a wide range of health outcomes.
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Introduction

Ghana stretches across six acro-ecological zones ranging from the more arid sudan
savannah in the north to wetter coastal and guinea savannahs in the south (Antwi-
Agyei et al. 2012). Rainfall in Ghana is seasonal with both a major and minor rainy
season in the coastal and southern areas but only one rainy season in the North
(Ghana Meteorological Agency). Although the average variability in rainfall is
relatively moderate (coefficient of variation between 10% and 22.5% Ofori-
Sarpong), rainfall totals can shift dramatically across years. For instance, the annual
rainfall totals in the capital, Accra, have historically varied between 1,197 mm and
275 mm (Ofori-Sarponh 1986).

Agriculture in Ghana is generally inhibited by the low quality of soil, particularly
in the north where the soil quality generally limits crops to maize, sorghum, and
millet (Antwi-Agyei et al. 2012; Stryker 1990). Importantly, these crops require
relatively high levels of water, particularly during their growth periods. Due to the
almost complete lack of irrigation (only 0.2% in the early 1990s FAO 1994),
agricultural production in Ghana and, in particular, the dryer north is vulnerable to
droughts (Antwi-Agyei et al. 2012; FAO 1994).

The most severe drought in the modern history of Ghana began in 1981. With the
exception of Accra and other parts of the South, the total annual rainfall in the
country was only 70-90% of the local averages (relative to the 1931-1960 average)
depending on the specific area (Ofori-Sarpong 1986. The drought further extended
itself geographically in 1982 before encompassing the entire country in 1983.
The rainfall levels in 1983 were particularly poor with several areas having less
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than half of the normal rainfall totals. The drought was particularly severe in coastal
areas where Accra had its second lowest recorded rainfall total (58% of the normal
amount) with several other areas receiving their lowest recorded totals (Ofori-
Sarponh 1986).

The effects of the drought were compounded by both natural and man-made
events. For instance, in 1983, the dry conditions from 3 years of drought along with
an extended harmattan (season with dry winds) led to extensive bush fires in the
North of the country. USAID reported that up to 35% of total food production was
destroyed in certain regions (USAID 194). The domestic food shortage was further
aggravated by the expulsion of a large number of Ghanaian workers in 1983.
Estimates range from several hundred thousand to close to one million workers.
Irrespective of the true total, it was a substantial inflow as compared to the popula-
tion of 11.5 million (Stryker 1990; USAID 1984; World Bank 2016).

While the food shortage could have (partially) been addressed through food
imports, this was not possible as the country was in the middle of severe political
and economic turmoil. Following failed coups and violent strikes in the preceding
years, a new government had come to power after a New Year’s Eve coup d’Etat.
At the same time, the macroeconomic context had deteriorated (e.g., deficit spending
of 139% of the tax revenue and triple digit inflation) and a failed attempt to borrow
from the IMF (Stryker 1990). The fiscal situation was further complicated by the
strong decrease in cocoa production, the main export crop and a significant source of
government revenue (typically 20-50% of revenue); years of mismanagement along
with the drought substantially reduced the production in 1983-1984. This harvest
was only 28% of the peak production in 1964—1965 and roughly 40% of the 1972
production (Stryker 1990; Brooks et al. 2007).

The three consecutive years of drought culminated in substantial food shortfalls
and domestic price increases in 1983. The tables are based on Stryker’s (1990)
attempt to create production and prices indices. The shortfalls in 1983 were not
only substantial relative to a decade earlier (Table 1: column 1) but also relative to
1982 (Table 1: column 2), the second year of the drought. The production of almost
every major crop declined compared to 1972, a normal agricultural year. While the
decline was generally less steep relative to 1982, the production of certain crops
notably declined between the 2 years. In particular, two of the three main crops in the
North (maize and millet but not sorghum) declined by 50% from the already low
totals in 1982.

The limited price data which are available suggests that the repeated years of
drought and low production substantially increased food prices in 1983 (Table 2).
The data show that the inflation in prices for crops outstripped general inflation.
Notably, this was even true for the crops whose production increased between 1982
and 1983, such as rice, sorghum and yam (Table 1).

The prolonged drought and unfortunate combination of events greatly affected
the nutritional situation. Per capita caloric availability dropped from roughly 95% of
the required national total between 1961 and 1975 to only 65% in 1983, the most
severe year of the drought (World Bank 1989). Unsurprisingly, per capita caloric
consumption decreased from 1,900 to 1,600 between 1982 and 1983 due to a
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Table 1 Production of major crops, 1983

1983 Production relative to

1972 1982
Agricultural food production, per capita 64% 94%
Maize 43% 50%
Rice 57% 112%
Sorghum 57% 102%
Millet 37% 48%
Cassava 41% 47%
Yam 128% 147%
Plantain 20% 23%
Groundnuts 78% 173%
Based on Tables 6 and 7 (Stryker 1990)
Tabl.e 2 Change in 1982-1983
Egrr:;ﬁlrilef;rrrif:gc Inflation (consumer prices) 123%
Maize 360%
Rice 171%
Sorghum 190%
Cassava 254%
Yam 160%
Based on Table 10 (Stryker 1990) and the World Development

Indicators

substantial food deficit, estimated at 378,000 tons for just maize (Stryker 1990).
In fact, the 1983 daily calorie supply per capita was the lowest reported total for 1983
(World Bank 1986). The food crisis peaked in 1983—-1984 and only abated with the
return of rains 1984 and the arrival of food aid (Ampaabeng and Tan 2013).

While the data are not available, the poor were likely disproportionately affected.
Poverty is primarily rural in Ghana where poor households predominately farm land
and/or work in agricultural labor. The decreased agricultural production lowered
household food availability and income precisely at the time when food prices were
increasing sharply. The effect would have been aggravated by the repeated nature of
the shocks. Repeated poor harvests decrease the available buffer stocks of assets
which allow households to smooth consumption (i.e., to self-insure) against income
and production shocks (and other covariate shocks).

The droughts and the ensuing famine affected the entire country. As noted earlier,
the north was particularly vulnerable to droughts and two of three major crops
declined by more than 50%. In the south, both food and cocoa (the major cash
crop) production were affected. Due to the absence of regional crop and price
indices, it is not possible to examine the spatial effect on production or prices.
However, it is possible to obtain a sense of the regional distribution by examining
the regional variation in the under-five mortality rates from trends which they obtain
from DHS data by comparing deaths in 1983 to the 1985-1987 averages by
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administrative region. Ampaabeng and Tan (2013) find that the Western and Central
regions were the most affected with a greater than 1 standard deviation increase in
deaths. With the exception of the central regions of Brong and Eastern, the rest of the
country experienced roughly 0.5 standard deviation or greater mortality.

Framework

Recent developments in the Economics literature provide useful frameworks for
tracing out the structural effects of initial (e.g., in utero) shocks, such as famine, on
subsequent (both short-run and long-run) outcomes. A particularly influential body
of work by Nobel Laureate James Heckman and co-authors (Cunha and Heckman
2007; Cunha et al. 2010; Heckman and Mosso 2014) builds on the classic family
investment models of Gary Becker and Nigel Tomes (1979). These models empha-
size the importance of the role of the family in developing various characteristics of
the child across her lifecycle.

Formally, these models focus on the evolution of a set of child’s characteristics,
0;. ., where i indexes the child and ¢ indicates some stage in her lifecycle (e.g., early
childhood, adolescence, adulthood, etc.). These characteristics may include health
status, cognitive skills (as measured by 1Q), personality traits (as described by the
“Big Five,” Openness, Conscientiousness, Extraversion, Agreeableness, and Neu-
roticism, for example), and so forth. The evolution of this set of skills across the
child’s lifecycle is modeled by a system of difference equations;

0i,0 =f1(0r, 1. 11,0 hi)

where ; denotes a vector of initial conditions for individual 7; e.g., genes, initial
health status at birth, parental characteristics (e.g., parental 1Q, parental education,
etc.), etc.; and, [, is a vector that is thought of as “investments” in the child at stage ¢.
But, the definition of “investments” can be broad and could include parental
investments in schooling and time, the nature of the family environment, any health
shocks, etc. In the context of the famine in Ghana, the model therefore allows us to
conceptualize the effects on birth outcomes of health shocks to the child experienced
in utero (%;), or, perhaps, a nutritional shock experienced after birth at stage ¢ in the
child’s lifecycle (one element of /;,). The model is flexible enough to also allow for
remedial interventions, for example, by the parents, in response to an in utero shock
(another element of /; ;). Cunha and Heckman (2007) demonstrate that we can obtain
the following via recursive substitution:

6,", :m,(li,,,...,li,l,hi)

That is, the stock of individual characteristics at stage ¢ is determined by initial
conditions and the series of investments up to that point.

Cunha and Heckman also introduced a set of useful concepts related to their
model into the Economics literature. For example, they define the notion of a critical
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(or, sensitive) development period. In the context of their model, a critical develop-
ment period for an investment type j is a time s such that

omy(Li i, oo 1i, oo Ly 15 Li1 B
l( isjstoliy—j 0 Liy 11 i1 l) N O’ift
i,
:Sand amt(livj’t’ii77]”[’71.”*1’»..yii,l’zi)
Ol .
~0,if t # s

The sensitive period idea captures the idea that there may be particular stages in
the child’s development; e.g., early childhood, where certain investments or shocks
(e.g., exposure to famine) may have particularly large effects. A critical period
occurs when there is only one such (sensitive) period (Knudsen et al. 2006).

They also introduce the important idea of dynamic complementarity in the
production of characteristics,

o,

— >0
06,1101 -

That is, the level of characteristics at a particular stage (z-/, in this case) affects the
marginal returns to investment at a subsequent period. The existence of dynamic
complementarities has many important implications. Crucially, it affects the optimal
investment decisions of parents when deciding the allocation of resources across
their children. As Heckman and Mosso (2014) point out, parental decisions to
compensate (or, to reinforce) disadvantages in initial endowments of a child (e.g.,
as a result of experiencing famine while in utero) depends crucially on the curvature
of the production function for characteristics. The stronger the dynamic comple-
mentarity between initial characteristics and investments, the more strongly incen-
tivized parents are to actually reinforce initial disadvantages and to focus resources
on their more advantaged children instead.

These family investment models generally take family structure as given. These models
also ignore another important channel through which family circumstances or initial
disadvantages may affect future outcomes; i.e., neighborhood or peer group effects;
see, e.g., Brock and Durlauf 2001. However, if we wish to trace out intergenerational
effects, we will also need to take into account models of assortative mating, and more
generally, models of the marriage market that famine affected individuals will face
when they reach mating age; see, e.g., Becker 1973, Durlauf and Seshadri 2003.

Physical and Cognitive Effects

Famine studies are not new in the development economics/health literature. In fact,
famine incidence has been thought of as a natural “experiment” in this literature and
thereby utilized to identify treatment effects on various short- and long-run
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outcomes. This research agenda is deeply related to the fetal origins hypothesis
(Barker 1992) that posits that exposure to shocks during critical periods in early
development (e.g., in utero) result in long-run negative outcomes to recipients of
those shocks.

A seminal example is the work by Stein et al. (1972) on the effects of in utero
exposure to the 1944—-1945 Dutch famine. In that paper, Stein et al. found no
significant impact on the cognitive abilities (IQ) of male survivors at age 19 from
in utero or early childhood exposure to the Dutch famine. Subsequent work,
however, have found evidence of longer-term effects on outcomes such as
obesity (Ravelli et al. 1999), glucose intolerance (Ravelli et al. 1998), self-
reported health, coronary heart disease morbidity (Roseboom et al. 2001; Bleker
et al. 2005), and psychological disorders (Neugebauer et al. 1999; Brown et al.
2000; Hulshoff et al. 2000).

Another well-studied example is the Great Chinese Famine of 1959-1961. In
(rural) areas most severely affected by the famine, survivors of the 1959-1961 birth
cohorts experienced significant, negative, short- and long-run effects on a range of
outcomes including height/stunting (Chen and Zhou 2007; Meng and Qian 2009),
obesity (Luo et al. 2006), disability incidence (Mu and Zhang 2011), mental illness
(Huang et al. 2012), cognitive abilities (Tan et al. 2014) educational attainment
(Meng and Qian 2009), labor market outcomes (Almond et al. 2010; Meng and Qian
2009), wealth (Almond et al. 2010), and marriage market outcomes (Almond et al.
2010; Brandt et al. 2008).

Despite the importance of famine in Africa and the increasing concentration of
famines in Sub-Saharan Africa (SSA) (Devereux 2009; O Grada 2007), there is
relatively little research on the physical or cognitive effects of early life exposure to
famines on surviving children for Sub-Saharan Africa. The most widely studied
famine in SSA is the 1983—-1985 Ethiopian famine where an estimated 400,000 to 1
million people died (Devereux 2000; Kidane 1990; de Waal 1991). However, we are
only aware of three papers studying the health effects for survivors (Asfaw 2016;
Dercon and Porter 2014; Tafere 2016). More broadly, there are only three other
papers on SSA, one each for Ghana (Ampaabeng and Tan 2013), Malawi (Hartwig
and Grimm 2012), and Uganda (Umana-Aponte 2011). Interestingly, neither the
research in Malawi nor in Uganda finds any adverse effects on height (although they
do find adverse effects on other outcomes). It is, however, possible to draw on a more
developed literature on food insecurity (see for instance, Alderman et al. 2006) or
even on non-food shocks, such as income shocks (see for instance, Adhvaryu et al.
2017), to predict the effects of famine exposure on health outcomes. We will explore
some of these effects below.

As noted above, the literature that directly studies the impact of early exposure to
the famine in Ghana is surprisingly sparse. To date, there appears to be only one such
work; i.e., Ampaabeng and Tan (2013). In that work, the authors focused on
cognitive outcomes as measured by an IQ test (Raven’s Progressive Matrices).
Specifically, they were interested in whether children who experienced famine
during early childhood (aged 0-2 years during the famine) as opposed to later
childhood (aged 3-8 years during the famine) did worse on the 1Q test administered
in 2003. Hence, they were primarily interested in the longer-term impact of the
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famine on cognitive development. The authors were also interested in how the
effects of early famine exposure on IQ could be quantified in terms of performance
on a set of Math and English comprehension tests, also administered in 2003.

The data employed came from the GEIES. Only two waves of that data were
available at the time of writing — in 2003 and in 1988/1989. The authors used the
2003 wave for data on their outcome variables. Because GEIES had data on school
quality — e.g., the state of classrooms and the availability of textbooks, and the 1Q of
teachers — they were able to control for the schooling experience of the individuals in
their sample all of whom would have been in primary (elementary) school during the
1988/1989 wave. This was an important thing to do since school quality variations
during the formative years of a child may potentially (partially) remediate any
negative impacts on cognitive development from famine exposure and was therefore
one of the distinguishing aspects of this paper. The authors were also able to control
for individual, family, and community characteristics such as respondent’s age,
height-for-age, gender, household size, parental schooling, rural or urban status,
etc. In terms of the treatment variable, the authors employed under-5 mortality
deviation from trend during the famine years calculated using data from the 1988
DHS. They also used rainfall deviation from trend during the famine years obtained
using data from the World Bank’s Africa Rainfall and Temperature Evaluation
System as an instrument for their treatment variable.

The main finding by Ampaabeng and Tan is that early childhood exposure to
the famine in Ghana did result in substantial negative consequences in terms of
cognitive development for survivors. According to their benchmark specifica-
tion, exposure during early childhood to a 1 standard deviation increase in famine
severity led to an expected loss of 1.29 1Q points. For perspective, in terms of
achievement on the Math and English comprehension tests, “the effect of such a
loss on cognitive achievement test scores translates on average to a
corresponding loss of around one half of a year (two-fifths in many cases) of
schooling with the larger effects applying to the Math tests (Ampaabeng and Tan
2013, 1025).” Following calculations analogous to those in Maccini and Yang
(2009), the authors find that such a loss translated into a corresponding reduction
of 0.4% in 1997 GDP (as measured in 2000 dollars).

We next examine the effects of the famine on anthropometric measures of child
development. Consistent with theory and evidence from other settings, the anthro-
pometric data show a sharp decrease in nutritional intake for infants before a
nutritional recovery. For instance, data from Maternal and Child Health (MCH)
Clinics collected by Catholic Relief Services (CRS) measures weight-for-age across
time. These data likely suffer from some selection bias as not all children attend
MCH clinics in general or those affiliated with CRS in particular. However, these
data are still suggestive as to the magnitude of the shock and its temporal nature.
For instance, in the last “normal” year of agricultural production, only 35% of
children fell below the 80th percentile in the NCHS/WHO standards for weight-
for-age. By 1983, it had surged to 80% before returning to pre-drought and pre-
famine levels (35%) in 1986. In the space of only 3 years, the number of underweight
children more than doubled before returning back to normal within 3 years.
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Table 3 Short health outcomes for children

Panel A <80% of NCHS weight-for-age

1986

Aged 0-5 months 15.3%

Aged 6-11 months 32.2%

Aged 12-23 months 69.9%

Aged 24-35 months 71.8%

Aged 36-47 months 62.4%

Aged 48-60 months 64.8%

Panel B

1987-1988 Stunted (%) Wasted (%)
Boys

Aged 12-24 months 333 18.8
Aged 24-60 months 39.5 4.7
Girls

Aged 12-24 months 31.7 14
Aged 24-60 months 39.1 5

Panel A is drawn from World Bank (1989): Appendix Table 9. Panel B is drawn from Alderman
(1990): Table 2

The initial effects are visible in a pair of surveys immediately following the
drought (Table 3). First, a national nutritional survey in 1986 reported the proportion
of children in Ghana under the 80th percentile in the NCHS/WHO reference (Table
3: Panel A). The World Bank report (1989) divides the children into six groups: the
oldest three groups were affected by the drought (2435, 36—47,48—60 months), the
youngest two were not affected at all (0—5 and 6—11 months), and the last group
(12-23 months) was not directly affected by the drought but potentially experienced
some of its effects via food or consumption shortfalls in families affected by 3 years
of droughts. The data show a clear pattern: children in the cohorts affected by the
drought or immediately following it were substantially more likely to be below the
80th percentile for weight-for-age. However, children who were conceived and born
after the drought were substantially healthier.

While weight-for-age provides an indication of child health, it reflects both
short-run and long-run malnutrition. Short-run nutrition is typically measured by
data on weight-for-height while long-run nutrition is indicated by height-for-age.
These indicators are available in the 1987—1988 Ghana Living Standard Survey
(GLSS 1) (Table 3: Panel B). The first column in Panel B measure the percent of
children under the age of 5 who were stunted (i.e., who have abnormally low
height-for-age). The older age group contains a combination of children exposed
and not exposed to the drought while the younger age group was exposed (in
utero or after birth) to the drought. In both boys and girls, the exposed cohort has
a more than 6% point higher rate of stunting, roughly an 18-20% higher rate.
Interestingly, the rate of wasting, a measure of low weight-for-height, shows the
opposite effect: younger children suffer from worse short-run nutrition. The
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Table 4 Height of women by age group in 2003 (Aged 19-49)

Height

(cm) < 2 Std Dev %
1. Affected by famine (born 1979-1984) 158.4 13.1
In utero during famine (1981-1983) 157.8 16.7
Born during famine (1982-1984) 158.0 14.1
Aged 1-2 during famine (1979-1980) 158.8 10.3
2. Affected in peak year of famine (1983) (born 1981-1984) | 158.2 25.4
In utero peak famine (1983) 158.9 16.2
Born peak famine (1984) 157.3 18.2
1-2 peak famine (1981-1982) 158.6 36.0
3. Women not born between 1979 and 1984 (born after 159.2 9.8

1984)
Authors’ calculations based on the 2003 Demographic and Health Survey

difference between the stunting and wasting rates suggests that the higher
stunting in the older age group is due to nutritional deficiencies during the
drought as opposed to in later years.

Although the deterioration of nutrition was limited to several years, the effects
were permanent as exposed cohorts display important physical and cognitive (as
discussed earlier) deficiencies even years later. The physical consequences,
already apparent as children, are clearly visible in the sample of adult women
in the 2003 DHS. Table 4 presents information on adult height for a nationally
representative sample of woman aged 19-49. The women are divided into three
broad categories: (1) women who were conceived, born, or aged 2 or younger
during the drought (1991-1983); (2) women who were conceived, born, or aged
2 or younger in the peak year of the famine, 1983; (3) all women who were not
conceived, born, or aged 2 or younger during the drought. Note that the second
group is a subset of the first group. Within the first two groups, the women are
further divided into whether they were conceived, born, or born prior to the (peak
year of) famine.

The first column reflects the average height (in cm) for each age group.
The average height of women who were not affected by the drought is always
higher with height “deficits” ranging from 0.3 to 1.9 cm. To put these numbers in
perspective, the estimated deficits of adults who were exposed to the 1983—-1985
Ethiopian Famine, which is widely recognized as one of the worst in Africa,
range from roughly 0.43—-5 cm (Dercon and Porter 2014; Tafere 2016). Beyond
their intrinsic importance, these deficits are linked via lower earnings to lower
adult economic outcomes (Case and Paxon 2008; Currie 2009). The second
column reflects the percent of women who are 2 standard deviations below the
median of the reference group, a similar measure to stunting. While there are
important differences between groups 1 and 3, the outcomes from group 2 are
particularly notable. Overall, women in group 2 are more than twice as likely to
be abnormally short with those aged between 1 and 2 in 1983 almost three times
more likely.
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Policies and Protocols

An extensive literature links early life nutrition to adult health outcomes, from adult
stature to the incidence of diseases to longevity (see O Grada 2007 for a recent
review). In this view, famines represent the extreme tail of a continuum of depriva-
tion. Consequently, as with other less severe forms of undernutrition, early nutri-
tional interventions may be particularly important. The importance of such
investments is magnified by the existence of sensitive or, especially, critical periods
in child development. This suggests the importance of food transfers targeted
towards pregnant and nursing women as well as infants.

More broadly, two factors generally distinguish famines from less severe forms of
food insecurity. First, since countries are typically able to withstand exposure to
individual adverse events, such as extreme weather and associated crop failure, the
more severe impacts from famines are often associated with repeated shocks (de
Waal 1997; O Grada 2007). It is the repetition of such shortfalls that overwhelms
countries. The emerging literature on the effects of climate change on temperature
extremes and the increased frequency of adverse tail events (Dell et al. 2014)
suggests that repeated weather shocks may be a “new normal” that the least prepared
countries may nevertheless have to face.

This ability to withstand individual shocks provides a short window during which
national and international resources can be mobilized before local conditions may
become aggravated by a second year of shortfalls. The inability of state actors to
properly address the effects of such shocks once they have occurred is often
amplified by the existing deficiencies of markets, state institutions, and production
technologies. Consequently, it is important to consider the broader development
framework in addressing concerns over policy (both short-term and long-term).
Are food markets segmented or well-connected so that food moves to areas in
need? Are government and local institutions investing in irrigation so as to lessen
the reliance of agriculture on rainfall?

Similarly, households are often able to cope with one-off shocks but are very
vulnerable to repeated shocks within a short period. Since developing countries
are typically characterized by incomplete (or missing) formal and informal
insurance markets, households frequently rely on their own asset reserves to
smooth out their consumption. That is, by consuming or selling their assets, they
are able to replace some of the lost income. Repeated shocks reduce or exhaust
the ability of households to deal with shocks and therefore lead to sharp swings in
consumption with important consequences, including the health of children.
These effects are magnified when income directly depends on asset stocks
(Zimmerman and Carter 2003). This suggests that particularly attention should
be paid to poorer households with low asset holdings and areas with limited
access to formal or informal insurance.

Second, over time, the causes of famines have somewhat shifted away from
weather-created food shortages and have increasingly involved conflicts (O
Grada 2007). Conflict can affect food availability through a variety of channels
such as when food and its availability becomes a “weapon.” More recently,
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research suggests that household responses to the threat of violence can
shift agricultural production practices and lower dietary diversity (Dabalen
and Paul 2014; Rockmore 2012). In part, this may explain the observed sharp
increases in stunting in cohorts exposed to conflict in early life (Akresh et al.
2011, 2012; Minoiu and Shemyakina 2014). This underlines the importance of
providing food aid in areas afflicted with violence and the threat of violence
(Rockmore 2016).

Dictionary of Terms

» Covariate shocks — Covariate shocks which affect a large proportion of house-
holds in geographical area (such as drought, floods, or price increases). This
contrasts with idiosyncratic shocks, such as sickness of a household member,
which affects only the household.

» Standard deviation — The standard deviation is measure of the distance of a data
point from the mean of a set of data points. Formally, it is defined as

[ N
x 21 (x; — X)* where X is the sample mean.
iz

* Stunting — Stunting is defined as being 2 standard deviations below the median
height-for-age for the reference child growth standard. This is typically viewed as
a measure of long-run malnutrition.

* Wasting — Wasting is defined as being 2 standard deviations below the median
weight-for-height for the reference child growth standard. This is typically
viewed as a measure of short-run malnutrition.

Summary Points

* Ghana experienced its worst drought in modern history from 1981 to 1983.

* The drought peaked in 1983 and was compounded by substantial bush
fires and the expulsion of large number of Ghanaians from Nigeria in the
same year.

* Food production dropped dramatically in 1983 leading to widespread food
shortages.

+ Effects of famine in Ghana (and in Sub-Saharan Africa) are relatively unstudied.

 Early life exposure to the famine resulted in the loss of IQ and worse performance
on Math and English comprehensive exams.

» The aggregate costs of these cognitive losses are 0.4% of the 1997 GDP.

» There are important physical consequences of early life exposure to the
famine. In the short-run, it is associated with higher stunting rates. In the
long-run, it is associated with 2—3 times higher probability of women being of
short stature.
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Abstract

The Greek Famine of 1941-1942 provides a natural experiment to test the fetal
origins hypothesis. This hypothesis states that exposure to detrimental conditions
during the fetal stage leads to worse health and socioeconomic outcomes in
adulthood. This chapter first describes the Greek famine’s causes. It then reviews
the impact of the Greek famine on the education and labor market outcomes of the
individuals exposed to the famine in utero or in early childhood. Corroborating
Barker’s hypothesis, the evidence indicates that the Greek famine significantly
reduced educational attainment for those who experienced it before their third
year of life. The famine also reduced labor market success for those with famine
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exposure in their early childhood. This finding is partly driven by a shift towards
rural birthplaces in the famine years. The sum of the findings underscores the
importance of averting early childhood malnourishment.
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Introduction

According to The State of Food Insecurity in the World 2015 (FAO 2015), there are
approximately 795 million people around the world who suffer from hunger, most of
whom come from rural areas of developing and middle-income nations. While
hunger is a problem in and of itself, a growing body of evidence indicates it also
has adverse long-term consequences for health, education, and labor-market out-
comes, and that this may especially be the case for those who are deprived of
adequate nutrition early in life.

In 1986 epidemiologist David Barker conducted a study that found a relationship
between prenatal malnutrition and coronary heart disease later in life (Barker and
Osmond 1986). This led to the fetal-origins hypothesis, which proposes a causal
relationship between nutrition received in utero and later health outcomes. One
mechanism posited to drive these long-term effects is the development of thrifty
phenotypes (Hales and Barker 1992; Barker and Hanson 2004). Here, the fetus
develops permanent adaptations to the low-nutrient environment experienced in
utero and these adaptations produce long-term adverse health consequences for the
individual.

Many of the early studies following Barker’s findings suffered from methodo-
logical problems that made it difficult to ascertain a causal relationship between
prenatal malnutrition and later-life health outcomes. For instance, due to a lack of
data on prenatal nutrition, some of these early studies used birth weight as a proxy
(e.g., Launer et al. 1993; McCance et al. 1994; Barker 1995). Body weight at birth
may, however, vary for many reasons other than prenatal nutrition, including genetic
endowment, gestational age, and maternal behavior (Rasmussen 2001; Paneth and
Susser 1995). If these factors are unaccounted for, associations between birth weight
and later-life health outcomes will yield limited information on the possible impact
of prenatal malnutrition.

Even if accurate data on prenatal nutritional status are available, the problem that
malnutrition is endogenous to other determinants of later-life socioeconomic status
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and health remains. For instance, having better-off parents likely improves later-life
outcomes not only by reducing prenatal exposure to malnutrition but also through
other factors such as access to better education. Therefore, comparisons of individ-
uals with different degrees of prenatal malnutrition that do not control for con-
founders such as parental education and wealth will yield only biased results.

A newer strand of the fetal-origins literature therefore moved away from individual-
level comparisons. Instead, famines were used as natural experiments. This approach
attempts to sidestep the biases of individual-level comparisons by comparing, on the
one hand, the outcomes of entire cohorts that were in the fetal stage or infancy when
a famine struck, and, on the other hand, the outcomes of the surrounding cohorts
without famine exposure at crucial developmental stages. Assuming the exposed and
unexposed cohorts would have had the same outcomes in the absence of the famine,
the approach views famine as an exogenous shock that randomly assigns cohorts to a
nutrient-deprived treatment group and a nondeprived control group.

One extensively studied event in this literature is the Chinese famine that
occurred during the Great Leap Forward period of 1959-1961. Approximately 30
million people died in its course (Yao 1999). Studies have found, for example, that
individuals who experienced the famine in utero were more likely to develop adult-
onset schizophrenia (St. Clair et al. 2005) and had worse literacy, labor market status,
wealth, and marriage market outcomes (Almond et al. 2007). Other famines studied
include the German siege of Leningrad, which took place from 1941 to 1944
(Stanner et al. 1997; Stanner and Yudkin 2001), and the Finnish famine of
1866—1868 (Kannisto et al. 1997). According to the studies neither famine caused
long-lasting negative health effects.

However, the extended length of these famines as well as their severity — the
Finnish famine, for instance, killed around 8% of the Finnish population — compli-
cates attempts to infer causality. For instance, with famines lasting multiple years,
cohorts exposed in utero typically also experienced malnutrition as young children.
This makes it difficult to disentangle at what stage of development undernourish-
ment matters most. Furthermore, the length and severity of the famine likely gives
rise to substantive selection in reproductive behavior and survival in the cohorts
exposed at early age (Song 2009). In other words, if people experiencing unobserved
factors conducive to good socioeconomic and later-life health outcomes reproduce
more than others during a famine, and if the least healthy children in the early
exposed cohorts die, the estimated impact of famine from cross-cohort comparisons
will be biased downward.

Another famine that has received significant attention is the Dutch famine,
occurring from 1944 to 1945 as the result of the Nazi blockade of the Western
Netherlands. This famine is better suited to studying the effects of in utero and early
childhood malnutrition because it was relatively short and mild. Studies analyzing
this famine find that in utero exposure was associated with impaired nervous systems
and coronary heart disease (Roseboom et al. 1999, 2000a, b, 2001), antisocial
personality disorder (Neugebauer et al. 1999), and glucose resistance and obesity
(Ravelli et al. 1998, 1999). Less is known about the effects of the Dutch famine on
socioeconomic outcomes. However, a recent study finds not only increased
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hospitalization rates in the years before retirement for people who suffered middle or
late gestational exposure, but also that those exposed during the first trimester of
gestation were less likely to be employed at age 53 (Scholte et al. 2015).

This chapter reviews the evidence on long-run effects of the Greek famine of
1941-1942. Like the Dutch famine, the Greek famine was relatively short and mild,
reducing the likelihood that selective mortality and reproductive behavior during the
famine biases impact estimates. Moreover, in Greece, educational and labor-market
outcomes for individuals with early childhood exposure have been observed at
various points in their adulthood, so that famine effects could be tested over almost
the entire duration of working lives.

Causes and Course of the Greek Famine

In early 1941, Greece came under attack by Italian and Bulgarian troops allied with
Nazi Germany, in a push of the Axis powers to assert authority over South-Eastern
Europe. With support from the British Army, Greek forces were initially able to halt the
invasion, but on April 30, just 24 days after German troops joined the Italian-Bulgarian
invaders, Greece was forced to surrender (Hionidou 2006; Mazower 1993).

The British responded to the Axis powers’ occupation of Greece with a full naval
blockade, which shut down all external trade. This represented a massive shock to a
country which traditionally relied on foods imports — for instance, during the late
1930s, Greece imported 45% of its wheat supply (Hionidou 2006).

Actions by the Axis powers contributed to a rapid deterioration of the nutritional
situation as well. The occupying armies requisitioned large amounts of foods for
their own consumption. By the end of 1941, official records showed that 4,000 tons
of figs, 181,000 tons of raisins, and 10,000 tons of olive oil had been confiscated
(Helger 1949; Hionidou 2006). Further, they imposed on farmers a 10% in-kind tax
on all agricultural production. Restrictions on internal trade and mobility proved
even more harmful than the food requisitioning. The occupiers divided Greece into
13 economic zones, between which the movement of goods and people was severely
restricted. To enforce the restrictions, all fuels and transport vehicles including
fishing boats, pack animals, and carts were confiscated.

In an attempt to control food prices in light of diminishing supply, the occupying
forces mandated farmers to sell their products well below market rates and tightened
existing rationing policies. This, however, discouraged the production and sale of
foods. The shortages were amplified and prices on the emerging black markets
soared. Soon, the nutritional situation of the poor population in particular deterio-
rated, and by fall of 1941, the shortages had turned into a full-blown famine in most
of the country, affecting not only the destitute, but also large parts of the urban
middle-class (Hionidou 2006). Mortality rose sharply (see Fig. 1), with dispropor-
tionate increases among the youngest and elderly, as well as for male adults who had
limited access to food from charitable organizations and often forwent meals in favor
of their children and wives (Helger 1949). By the end of the winter of 1941-1942,
the famine had caused 100,000-200,000 deaths (Hionidou 2006).
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With large parts of the Greek population facing starvation, civil unrest increased
and the occupiers grew increasingly concerned about widespread destabilization of
their regime. Disagreement between Italy and Germany about who bore responsi-
bility for food provisions for Greece, however, stalled relief efforts. The two
countries eventually reached a compromise at the end of 1941, but Germany
subsequently failed to meet its commitments, overstretched by attempts to control
similar nutritional crises in occupied Belgium, Holland, and Norway. Ultimately, full
responsibility for food provisions to Greece fell upon the Italians — a task far beyond
their capacity at the time (Mazower 1993).

The Axis powers publically shifted the blame for the famine to the British naval
blockade, demanding Britain to lift its blockade in order to end the suffering of the
Greek population. The British initially refused. However, news of the famine leaked
out of the country and media coverage received international attention. Public pressure
in the Allied countries to allow international humanitarian aid to enter Greece rose. In
early February 1942, the British eventually lifted the blockade and soon after, wheat
shipments began. By March 1942, the Axis and Allied powers agreed to establish the
Swedish-run Joint Relief Commission, which was put in charge of reorganizing food
distribution in Greece. Furthermore, the Axis-power occupiers relaxed regulations on
internal trade and prices, and committed to replacing agricultural products appropri-
ated from Greek farmers with food of equal caloric value. The combined actions of the
Axis and Allied powers along with the rising temperatures of spring 1942 rapidly
improved food availability. By June 1942, the nutritional problems in most parts of the
country had returned to acceptable levels, leading to sharp declines in mortality (Fig.
1) (Helger 1949; Hionidou 2006).

Long-Run Socioeconomic Impacts

The Greek famine’s immediate effects on the health of the Greek population were
devastating — beyond its estimated death toll of up to 200,000 victims, contemporary
data indicate that the famine not only dramatically increased the rate of underweight
children, but also led to severe, short-term growth retardation (Valaoras 1946).

Neelsen and Stratmann (2011, 2013) investigate the possibility of long-term
adverse famine effects. Specifically, they examine whether exposure to the Greek
famine during crucial, early life developmental periods had negative consequences
on the individual’s socioeconomic achievements during adulthood.

To study this question, they use data from the 1971, 1981, 1991, and 2001
decennial Greek National Population Housing Census. Their samples consist of
individuals from these censuses born between 1936 and 1946 — during and shortly
before and after the famine. Thus, the 1971 census sample consists of individuals
aged between 25 and 36, and the 1981 census consists of individuals aged between
35 and 46, and so forth.

The medical literature suggests that the most severe long-term effects arise when
malnutrition is experienced between conception and age two (Brenner and Chartow
1994; Hales 1997; Hoet and Hanson 1999; Walker et al. 2007; Victora et al. 2008).
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Motivated by this literature, Neelsen and Stratmann define individuals exposed to
the famine at these ages as the treatment group. The treatment group cohorts
are therefore those born in 1940, 1941, and 1942, as they would have been in
utero or younger than 3 years during the 1941-1942 famine. The sample cohorts
without direct famine exposure — those born in 1943 or later — and those with famine
exposure after the critical early life stages — individuals born in 1939 or earlier who
in the majority were exposed after their second birthday — form the control group.

Neelsen and Stratmann study the effects of the Greek famine on educational
attainment, and for the working subsample, job prestige. For education, impact
estimates are shown for a dummy variable indicating whether an individual is
literate; a dummy variable indicating whether the individual completed upper sec-
ondary school, which is the equivalent of obtaining a US high school diploma; and
a variable reporting the number of years of schooling an individual has completed
at the time of the census. The International Socio-Economic Index (ISEI) is used to
measure job prestige (Ganzeboom and Treiman 1996; Ganzeboom et al. 1992). The
ISEI ranks census occupational groups on a scale of 16-90 according to the level of
education required to enter the occupation and the income associated with it. A
higher rank indicates higher job prestige.

Figure 2 shows the percentage of individuals who completed upper secondary
education among those born in each year from 1936 to 1946, as well as the linear
trend in upper secondary school completion over this period. There is a clear upward
trend in completion rates over time. However, for the 1940-1942 treatment group
cohorts, completion rates are below the long-run trend, providing indication that
early life exposure to the famine may indeed have harmed educational achievement.

To address potential confounders in bivariate associations of early life famine
exposure and adulthood socioeconomic outcomes such as shown in Fig. 2, Neelsen
and Stratmann estimate multivariate ordinary least squares regression models. Their
basic specification regresses the outcome of interest on three dummy treatment
variables indicating 1940, 1941, and 1942 birth cohort membership, as well as on
controls for the year of birth and the year of birth squared to account for overall time-
trends in outcomes, and a gender-dummy to account for outcome changes related to
shifts in cohort gender composition.

The regression analysis reveals the causal effects of early life famine exposure under
the assumption that the cohorts with early life famine exposure would have followed the
same outcome trend as the surrounding cohorts in the absence of the famine. If the
members of the famine-exposed cohort differed in unobserved physical or social
endowments from other cohorts, then the estimates resulting from this regression
would be biased and not capture the true causal effect of early life undernourishment.
For instance, if the famine-exposed cohorts of 1940, 1941, and 1942 had better
adulthood outcomes because of some form of positive selection into reproduction and
survival during the famine, the estimated effects on educational attainment and job
prestige would be biased downward. In this case, the impact estimates form lower
bounds of any negative long-term effects of early life malnutrition.

Neelsen and Stratmann obtain the following pattern of results from their basic
regression model. For the cohort born in 1940 that was in the majority exposed
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Fig. 2 Percentage of 1936-1946 Greece-born individuals in 2001 Greek census who have
completed upper secondary schooling (with linear trend). Upper secondary schooling comple-
tion rates for the 1940—1942 cohorts who were exposed to the Greek famine during critical early life
stages are below the overall trend

between their first and second birthday, the famine is estimated to have lowered
literacy rates by about half a percentage point in the 1981 and 1991 censuses, though
no reductions are found in the 1971 or 2001 census. The estimated reductions are
small in relative magnitude, with mean sample literacy rates of over 95%.

Impacts are more meaningful and consistent across census waves for completion
of upper secondary school and years of education. Famine effects on the 1940 cohort
are negative and significant across all waves, and range between reductions of
1.3—-1.8 percentage points in the probability to finish upper secondary education —
large relative impacts given a sample mean completion rate of around 25% — and
between 0.14-0.18 fewer years of education with a sample mean of about 7.5 years.
In the 1971 and 1981 censuses, the 1940 cohort was also significantly more likely to
rank lower on the ISEI job prestige score with estimated reductions of 0.5 and
0.7 points against a sample mean of about 36 points.

The group of people born in 1941, who experienced the famine during the first
12 months after birth — as infants — tend to have larger negative treatment effects than
the 1940 cohort of people who were exposed at older age. With the exception of its
ISEI score in the 2001 wave, the 1941 cohort experiences significant reductions
across all socioeconomic outcomes. This cohort had a 0.5-1.0 percentage point
reduction in literacy rates, had between a 1.8 and 2.4 percentage point less of a
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chance to complete upper secondary education, had completed 0.17-0.29 fewer
years of education, and had 0.5-0.8 points lower ISEI scores.

For the cohort born in 1942 that was in its majority exposed in utero, Neelsen and
Stratmann do not find statistically significant reductions in literacy rates across any
of the four censuses. The 1942 cohort is, however, from 2.1 to 2.6 percentage points
less likely to finish upper secondary education, a similar point estimate as that for the
1941 cohort. Additionally, individuals in the 1942 cohort finished from 0.15 to 0.18
fewer years of education and scored from 0.47 to 1.1 points lower on the ISEI scale,
indicating adverse effects similar in size to the effects for the 1941 cohort, which was
exposed to the famine during infancy.

As discussed above, positively selective reproduction and survival among the
cohorts with early life famine exposure would lead to downward bias in Neelsen
and Stratmann’s impact estimates. However, a factor that may cause upward bias — an
overestimation of adverse effects — in their basic model estimates is that the famine
was more severe in urban areas (Helger 1949; Hionidou 2006). Due to larger famine-
related reductions in fertility and larger increases in early life mortality in urban areas,
rural-born individuals take up a higher share of the 1940-1942 treatment group
cohorts than in the surrounding control group cohorts. Thus, if rural-born individuals
are less endowed with characteristics that improve their later-life socioeconomic
outcomes — for instance, through having less access to higher-level education — the
above results may reflect a famine-related increase in the share of those born in rural
areas rather than the direct impact of early life nutrient deprivation.

Neelsen and Stratmann use birthplace information in the 2001 census to address
this possible source of bias. When they add prefecture of birth dummy variables
interacted with an urban birthplace indicator to their basic specification, the negative
treatment effect estimates generally reduce in magnitude, and in some cases, statis-
tical significance is lost. Among the 1940 cohort, the negative impact estimates on
secondary school completion rates (see Fig. 3) and years of education diminish but
remain statistically significant, and for the 1941 cohort with exposure as infants,
statistical significance is maintained for all educational outcomes but not for job
prestige. For the 1942 cohort the authors no longer find statistically significant
famine impacts on any outcome after accounting for famine-related shifts in birth-
places. It should be noted, however, that the absence of significant negative long-
term impact estimates in the in utero-exposed cohort does not amount to evidence
against Barker’s hypothesis. Instead, positively selective survival and, in particular,
reproduction are likely greatest for this cohort that was conceived during the famine
and experienced it during the earliest, most vulnerable life-stages (Hionidou 2006).
With individuals with favorable socioeconomic backgrounds likely overrepresented
in the in utero-exposed 1942 cohort, any downward bias in Neelsen and Stratmann’s
negative famine impact estimates would be larger than in the older cohorts that were
exposed later in life.

To investigate if adverse long-run effects increase with the degree of early life
famine exposure, Neelsen and Stratmann moreover separate the 2001 census data
into subsamples of rural-born and urban-born Greeks. The split-sample analysis
reveals that the significant reductions in educational attainment found for the full
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Fig.3 Estimated impacts of early life famine exposure on upper secondary school completion
and 95% confidence intervals — basic specification and specification with controls for prefec-
ture and urban birthplace fixed effects. Graph shows famine exposure impact estimates on the
probability of completing upper secondary school obtained from ordinary least squares regressions
using data from Greece-born individuals in the 2001 census. The Basic specification includes
indicators for whether an individual was born in 1940, 1941, or 1942, the year of birth and its
square, and a sex indicator. The Prefecture and Urban Fixed Effects specification in addition
includes 53 birth prefecture of birth dummies interacted with an urban birthplace indicator.
Whiskers represent 95% confidence intervals based on Huber-White robust standard errors for
the Basic specification and based on robust standard errors clustered at the prefecture of birth level
for the Prefecture and Urban Fixed Effects specification

sample are indeed driven by those born in urban areas where the famine was most
severe. For rural-born individuals, by comparison, famine impact estimates are small
and largely insignificant across all three exposed cohorts.

Finally, the authors provide a falsification test by estimating famine “impacts” for
the subsample of foreign-born individuals in the 2001 census who had no systematic
early life famine exposure in the 1940-1942 cohorts. Reassuringly, none of the
estimated coefficients significantly differs from zero.

Policies and Protocols

The Greek famine provides a good case to study the long-term effects of early life
malnutrition due to its relatively short duration and relatively low mortality rate.
These salient features minimize problems of endogeneity and selection bias that are
more likely to be present in more severe famines, such as the Chinese famine of
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1959-1961. Stratmann and Neelsen find that exposure to the Greek famine has a
negative impact on educational attainment for individuals who experienced it as
infants or one-year-olds. Furthermore, they find that famine exposure harms those
born in urban areas more than those born in rural areas, which is consistent with the
greater reported severity of the famine in the urban parts of the country. Promising
policies to reduce the immediate suffering include two main aspects:

* Policies that ensure adequate nutrition for pregnant women and young children in
areas affected by famine or malnutrition

* Policies that develop an institutional environment that allows for free trade and
exchange

Stratmann and Neelsen’s study demonstrates that the effects that famines have on
young children can be severe, stretching out over a lifetime. Food aid for pregnant
women and young children therefore not only has a humanitarian rationale — it is also
an important means for economic development. In fact, recent papers have shown
that investing in children during the earliest life stages yields the highest economic
returns (Doyle et al. 2009; Currie and Rossin-Slater 2015).

Furthermore, as barriers to trade, war, and poor economic incentives were a main
contributor to the Greek famine, policies that promote an institutional environment of
open trade and exchange both locally and internationally can help reduce the chances
of famine and famine-related problems. Economists from Adam Smith to Amartya
Sen and beyond have discussed how the causes of famine are not limited to acts of god
— such as weather conditions — but that famine often arises, and can be exacerbated,
through trade restrictions and poor economic policy (Smith 1976; Sen 1981).

Dictionary of Terms

* Fetal Origins Hypothesis — A theory that proposes that events which occur
during the gestational period of an individual may have lasting effects on their
development and long-term wellbeing.

* Gestational Age — A measure of how far along a pregnancy is. Typically the end
of a woman’s last normal menstrual period is used to estimate the age.

» Natural Experiment — A natural experiment is an empirical method that claims that
nature, or some other force external to the experimenter, has successfully randomly
assigned individuals to different treatment groups. This allows for causal inference
from observational data even though no controlled experiment has been conducted.

* Pre-natal Nutrition — The nutrition that a fetus receives from the mother while in
utero. Insufficient nutrition during this period is hypothesized to have lasting
consequences for the fetus.

» Thrifty Phenotype — The thrifty phenotype is a hypothesis that asserts that if a
fetus’ gestational stage is relatively nutrient deprived, then the fetus will develop
adaptations that may result in chronic conditions later on in life. These include
coronary heart disease, diabetes, and stroke.
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Summary Points

» This chapter focuses on the Greek Famine of 1941-1942 and the long-term
socioeconomic effects it had on individuals that were exposed to the famine
during early life.

* The Greek Famine arose as a result of the combination of the occupation by the
Axis powers and a naval blockade implemented by the Allied powers.

» The fetal-origins hypothesis proposes that adverse events that occur during
gestation, such as significant malnutrition, may have lasting consequences for
the affected individual.

* The Greek famine provides a natural experiment that allows us to study the
consequences of early life exposure to undernourishment. The famine can
be iewed as an exogenous shock that randomly assigns individuals into treatment
groups.

* Individuals that were exposed to the Greek famine before the age of two were
found to have lower levels of educational attainment and occupational status.
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Abstract

It is important to consider gender in famine studies. This chapter reviews two
gender issues which affect how famine impacts women versus men. The issues
discussed are female mortality advantage during famine, and son preference in
intrahouse resource allocation under extreme economic constraints. Both female
mortality advantage and son preference imply that female survivors would be
more negatively affected by famine than male survivors. Analysis of the Chinese
Great Leap Forward Famine shows a greater negative impact on disability and
illiteracy for women than for men. Exploring heterogeneities in son preference
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among different ethnic groups, further analysis shows the bigger negative impact
on disability for women most plausibly reflects female morality advantage,
whereas a decline in female education outcomes is probably better explained by
the culture of son preference. The evidence that exposure to famine in utero
increases the likelihood of disability and illiteracy later in life implies the impor-
tance of timely health and nutrition interventions for vulnerable pregnant women,
infants, and small children. Moreover, policies aimed to help affected people
during crisis shall be designed with gender in mind.

Keywords
Chinese Great Leap Forward Famine - Gender - Female mortality advantage -
Son preference

Introduction

Many rights advocates, governments, and international organizations aim to remove
the gender-based disadvantages of girls and women. We have observed significant
progress in narrowing gender gaps in some areas over the past three decades. For
example, globally, more women attend university than men, and women’s labor
force participation has grown more rapidly than men’s (World Bank 2012). Despite
steady improvement in education and employment opportunities for girls and
women, certain dimensions of gender inequality remain. One manifestation of
persistent gender disparity is the higher mortality of girls and women — the under-
lying force driving the phenomenon of “missing women” (Sen 1990). Based on the
assumption that females are born and die at the same rate relative to males, it is
estimated that six million women are missing every year (World Bank 2011). Salient
gender disparity in other dimensions, too, including earnings, asset ownership, and
holding public office, illustrate the importance of considering gender in social and
economic studies. Famine study is no exception.

One rather unanticipated and intriguing gender aspect of famine has drawn attention
from demographers, epidemiologists, historians, sociologists, and anthropologists. The
phenomenon dubbed “female mortality advantage™ refers to the age-specific excess
death rates for women that are lower than those for men during famines. As salient
gender disparity in mortality unfavorable to women exists during normal times (World
Bank 2012), one may expect that women would be more vulnerable during a famine,
and more likely to suffer from the worst outcome of famine: death. Surprisingly, famine
literature suggests the opposite is true: women seem to have a higher chance of
surviving a famine. This female advantage in excess mortality has been identified in
most historical and contemporary famines, including the Ukrainian Famine
(Holodomor), the Great Irish Famine, Bangladeshi Famine, and the Darfur Famine
(Table 1). Indeed, among the 15 historical famines examined by 22 studies published
prior to 2000, Macintyre (2002) finds that women have a mortality advantage over men
in nearly all cases. Researchers have proposed biological, behavioral, and social factors
as the main drivers for the observed “female advantage” in famine survival. No single
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Table 1 Sample of studies identifying female mortality advantage with mortality numbers

Indicator
Famine Year Indicators Value References
Ukrainian 1932-1933 | Male excess mortality (absolute | 1,517,000 Mesle and
Famine number) Vallin
(Holodomor) Female excess mortality 1,065,000 (2012)
(absolute number)
Great Irish 1845-1852 | Male excess mortality (absolute 511,000 Boyle and
Famine number) O Grada
Female excess mortality 474,000 (1986)
(absolute number)
Bangladeshi 1974-1975 | Neonatal odds ratio of infant 1.2 | Razzaque
Famine mortality (boys/girls) et al. (1990)
Darfur Famine | 1984-1986 | Male excess mortality 30.8 | de Waal
(mortality per 1000 people) (1989)
Female excess mortality 26.2
(mortality per 1000 people)
Child excess mortality rate, 19.5
aged 5-9 (mortality per 1000
people)
Early English 1622-1624 | North region, male, number of 450 Healey
Famine burials (2015)
North region, female, number 416
of burials

factor is believed to be the dominant cause for all observed female advantage, as each
famine is likely to be context-specific.

Importantly, having a better chance of surviving famine does not mean that the
famine consequences are less severe for women. Conditional on survival, the
negative impacts of famine are often disproportionally borne by women. For exam-
ple, adult women who were exposed to the Dutch famine during early gestation are
more likely to be overweight, whereas the impact on men is relatively mild (Ravelli
et al. 1999). Luo et al. (2006) and Yang et al. (2008) show that female survivors of
the Chinese Great Leap Forward Famine (Chinese Great Famine) have a higher rate
of overweight status. Mu and Zhang (2011) shows a higher incidence of disability
and illiteracy among women born during the Chinese Great Famine. Some of the
gender disparity in famine consequences is linked to the fact that households’ coping
strategies during and after famine are often unfavorable to women and girls, partic-
ularly in places where son preference is a social norm.

Therefore, to understand the gender aspects of famine, one has to consider these
two somewhat opposite forces when appropriate: female advantage in excess mor-
tality during famine and son preference in cultural norms. This chapter first presents
a brief review of literature on gender difference in mortality in the context of famine
and the consequences of son preference during crises. Then, it uses the Chinese
Great Famine as a case study to highlight the role of son preference and female
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mortality advantage in shaping the gender difference in the long-term impact of
the famine. It also presents empirical strategies designed to separate out the two
forces in estimations. The case study on the Chinese Great Famine is largely based
on Mu and Zhang (2011).

Gender Specific Excess Mortality During Famine

Many famine studies conducted by historians and demographers have consistently
identified female advantage in excess mortality in different famines, on nearly every
continent, and across time. (For a comprehensive review of female mortality advan-
tage during famine, please see Macintyre (2002).) Given that girls and women are, in
general, disadvantaged economically and socially, their survival advantage during
famines seems a rather surprising phenomenon. Various explanations have been
proposed, but there is no consensus as to what causes male vulnerability during
famines. The explanations largely fall into three categories, emphasizing respec-
tively data issues, biological determinants, and gendered socioeconomic factors.

Data collection during famine can be challenging. There is a concern that
women’s deaths are often ignored and underreported (UN 1998), resulting in an
inaccurately low female mortality rate. This explanation essentially dismisses the
existence of female mortality advantage and regards it as an artifact of poor data
quality. However, a growing body of literature focusing on physiological gender
differences seems to support the biological underpinnings of female mortality
advantage. For example, medical studies have shown that male fetuses are less
physiologically robust than female fetuses and have more delayed lung development
(Hassold et al. 1983; Jakobovits 1991). Consequently, male fetuses are at greater risk
of death (Shettles 1961; Mizuno 2000). Boys are also subject to higher infant
mortality (Wilson 1975; Waldron 1998). In addition, hormonal and chromosomal
genetic differences may lead to females having a lower mortality risk for certain
diseases. (For literature review on hormonal and chromosomal gender differences,
see Zarulli et al. 2017.) Having smaller body sizes with a higher fat proportion may
also improve women’s survival chances. (For literature review on body fat hypoth-
esis, see Macintyre (2002).) Another brand of literature focuses on gender differ-
ences in survival strategies and highlights the socioeconomic factors that give
women an edge over men in famine survival. For example, as men are more likely
to participate in famine-induced temporary migration or public works in return for
aid, they are more exposed to infectious diseases and subjected to physical stress
(Pitkdnen 2002). When the survival of families depends mainly on women during a
famine, a woman-mother has to resort to various coping strategies and life-saving
practices (hiding food, etc.) to protect themselves and their families, which contrib-
utes to female mortality advantage (Kis 2013).

Gender difference in excess mortality during a famine has important implications
for studying the impacts of famine. Excess mortality not only measures famine
severity, it also captures famine selection effects. Given the same exposure to
a famine, survivors are inherently stronger and healthier than those who died.
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Compared to the general population in the absence of famine, survivors of a severe
famine may or may not be less healthy moving forward. This is because through
mortality selection they are inherently healthier on average than those not exposed to
famine, but their average health outcomes are likely to be negatively affected by
famine. If male excess mortality is higher relative to female excess mortality, then
one would expect that the selection effect is stronger for males, hence the health
advantage of male survivors over a nonfamine cohort is larger than the health
advantage of female survivors. In other words, female advantage in excess mortality
implies a health disadvantage of female survivors.

Gender Bias Under Severe Economic Constraints

In many outcomes, gender inequality is often driven by two forces working together:
economic underdevelopment and the social norm of son preference. As argued in
Jayachandran (2015), agriculture- and manufacturing-based economies reward
physical strength, giving men a comparative advantage. Low levels of economic
development are also associated with higher fertility and higher maternal mortality
rates, which negatively affect women’s welfare significantly (Jayachandran 2015;
Duflo 2012). These features of underdevelopment exacerbate gender inequality and
produce outcomes that are favorable for men. However, economic development
itself does not guarantee more gender equality. This can be easily seen in India,
China, and South Korea where sex ratio at birth remains male-skewed despite
continued economic growth (Das Gupta et al. 2003). These countries hold deeply
rooted cultural norms that perpetuate the view that girls and women are less
desirable, which in turn reduces the incentive for parents to invest in their daughters.
The key cultural element common to these countries is that their family structure is
rigidly patrilineal and patrilocal (Das Gupta et al. 2003). Such a family system
dictates that males are valued more than females, and that parents desire to have at
least one son. Studies on immigrants from East and Southeast Asian countries in
USA show that the sex ratio at higher birth orders is still skewed toward male
(Almond and Edlund 2008; Abrevaya 2009). These results provide evidence that the
culture-based son preference is persistent and does not disappear just because
income is higher.

Son preference does not necessarily mean that daughters are discriminated
against in everyday life. Actually, evidence on intrahousehold resource allocation
often fails to show clear and strong gender discrimination under normal circum-
stances (Deaton 1997). But when household resources are severely limited by
negative shocks (e.g., a sudden disaster or illness), gender bias is most salient and
households tend toward unequal treatment of household members. As in a “life-
boat,” tough decisions are made to guard certain members’ welfare at the expense of
other members. Family members who are perceived to be less productive or less
worthy would receive less nourishment and medical care relative to others. These
family members are typically female. Evidence of unfavorable treatment of girls and
women during lean times has been found in many countries. For example, during
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drought in India, mortality rate is much higher for girls than boys (Rose 1999).
Indonesian families are more likely to reduce educational expenditures for girls than
for boys when they experience crop loss (Cameron and Worswick 2001).
The pollution caused by smoke from massive wildfires in Indonesia has a stronger
effect on female mortality relative to male mortality (Jayachandran 2009). Baird
et al. (2011) concludes that infant mortality in developing countries increases during
recessions, and the increase is larger for female infants under 12 months. When
investigating the effect of weather shocks around the time of birth on the adult
outcomes of Indonesians, Maccini and Yang (2009) provides evidence that the
impact of gender bias occurred during the negative shocks in early life continues
to be felt decades later. This implies that the exposure to a negative shock early in life
tends to entail more harmful long-term impacts on women.

Chinese Great Leap Forward Famine and the Gender Differences
in Its Long-Term Effects

As the largest famine of the twentieth century, the Chinese Great Leap Forward
Famine (1959-1961) caused 20-30 million excess deaths and was associated with
elevated risks of miscarriage and stillbirths (Johnson 1998; Cai and Wang 2005).
This section explores the long-term impacts of the Chinese Great Famine on the
people born during the famine, with a focus on gender differences in the impacts.

Chinese Great Leap Forward Famine

A famine can be viewed as a tragic magnification of market and government failure
(Ravallion 1997), and the Chinese Great Leap Forward Famine is no exception.
Launched in 1958, the Great Leap Forward Movement aimed to catch up with or
surpass Western countries in economic development. The initiative emphasized
advancing heavy industries through mass mobilization. To facilitate mobilizing
resources from rural areas to industrial production, farmers were organized into
cooperatives. The shift to communes, implemented in 1958, eliminated household
farming (Huang et al. 2008). In communes, material incentives and monetary
rewards were rejected and an identical gender and age specific work-point standard
was created for all members (Lin et al. 1996; Naughton 2007). The lack of
incentivization resulted in low work effort and free riding across the agricultural
sector (Lin 1990). Grain production in 1959 and 1960 dropped by 15% compared
with the previous year and in 1961, it barely matched the 1960 level (Lin et al. 1996).
While the organization of agricultural production can be blamed for lower produc-
tion output, socialist-era pricing policy further discouraged efficient production — the
price of staples was kept artificially low to allow the state to keep industrial wages
low (Huang et al. 2008). At the same time, in the overheated ideological environ-
ment, local officials competed to inflate statistics and falsely reported higher levels of
agricultural outputs. Driven by this same ideological fever and blinded by false
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statistics, top leaders reduced resources available to agricultural production — par-
ticularly grain production — and increased the compulsory food delivery to the state.
A severe famine broke out in 1959. In 1960, local food shortages escalated to
regional shortages, creating a massive subsistence crisis nationwide (Naughton
2007). Through the end of 1961, this unprecedented famine resulted in 25-30
million excess deaths and an estimated 30 million delayed births (Peng 1987).

Researchers have traced the famine to policies adopted during the time.
For example, excessive food consumption in collective dining halls (Chang and
Wen 1998; Yang 1996; Yang and Su 1998), lower production incentives (Lin 1990),
and preferential supplies of food to cities (Lin and Yang 2000) have been identified
as contributing factors to the famine. Li and Yang (2005) concludes a possible mix of
these factors, together with disastrous weather, led to the catastrophe.

With data on the cohorts affected by the Great Famine increasingly available,
there has been an emerging body of studies on its long-term consequences. These
studies commonly exploit the natural experiment aspect of the famine in their
estimations to compare the outcomes between those who were exposed to the famine
prenatally and those who were not exposed to the famine. Most of these studies
are guided by the “Barker hypothesis” or “fetal origins hypothesis,” which postulates
that nutritional deprivations during the fetal period could lead to higher incidences
of disease in adulthood (Barker 1992). It is expected that those who were exposed to
the famine would have worse later-in-life outcomes than those who were not. These
famine studies have identified significant negative impacts on outcomes across
several domains: mental health, physical health, educational attainment, household
wealth, and employment.

St. Clair et al. (2005) examines rates of adult schizophrenia among those prena-
tally exposed to the famine in Wuhu region of Anhui province. Their results indicate
that the adjusted risk of developing schizophrenia in later life increased significantly
among those born during the famine. Meng and Qian (2006) explores long-term
impacts of the famine from an adult health and labor market perspective. Their
empirical results show significant negative impacts on survivor height, weight,
weight-for-height, educational attainment, and labor supply. The exposure to famine
seems much worse for health outcomes than economic outcomes, consistent with the
hypothesis that a reduced size for the famine cohort could benefit survivors and
potentially offset the negative effects of famine through health channels. Similarly,
Chen and Zhou (2007) indicates the prevalence of stunted growth among the cohort
exposed to famine. There is also evidence showing negative impacts on agrarian per
capita income. In a similar vein, Almond et al. (2007) finds higher famine intensity is
associated with a greater risk of being illiterate, out of the labor force, marrying later
(men), and marrying spouses with less education (women). An intriguing result in
this study is that famine exposure lowered the sex ratio of both the famine cohort and
their offspring, suggesting that prenatally exposed women are themselves more
likely to bear daughters. The tendency toward female offspring found in Almond
et al. (2007) is consistent with findings in Song (2012), a study exclusively focused
on sex ratio at birth. Song (2012) identifies an abrupt decline in sex ratio at birth
between April 1960 and October 1963. These findings provide evidence supporting
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the Trivers—Willard hypothesis (1973), also known as the adaptive sex ratio adjust-
ment hypothesis, which states that parents in poor conditions would skew the
offspring sex ratio toward daughters, as daughters have higher reproductive success
than sons under poor conditions. The Trivers—Willard hypothesis has been tested by
examining the relationship between birth sex ratio and status, and the evidence is
mixed; out of 54 analyses, 26 support the hypothesis (Lazarus 2002).

Recent studies also find the impact of famine on the offspring of the famine
cohort. For example, Kim et al. (2014) finds a significant 5—7% reduction in second
generation male and female entrance into junior secondary school. Li and An (2015)
finds stunted growth occurs in children if both parents were exposed to the Great
Famine. These findings uncover an extensive time horizon in famine impacts.

In terms of gender differences in famine impacts, Shi (2011) found that women
exposed to the famine in the first year of life were, on average, less likely to
complete high school, while their households had less housing areas and less
number of rooms per capita. None of these effects were found among men. The
following section, based on Mu and Zhang (2011), focuses on gender difference in
famine impacts and introduces empirical strategies used to examine causes for the
gender difference.

Gender Difference in the Long-Term Effect of the Chinese Great Leap
Forward Famine

Decades after the famine experience, the gender composition of the cohort born
during the famine still shows signs of the famine. Based on tabulations from the
2000 China Population Census, Fig. 1 plots the total living population in rural China
and the male-to-female sex ratios by age. Due to excess mortality during the famine,
the population size of the famine cohort (1959—1961) is significantly smaller than
that of the neighboring cohorts. In addition, the sex ratio of the 1961 birth cohort is
100.3, signifying a substantial drop from 109.6 for the 1958 birth cohort and 103.9
for the 1962 cohort. Even though there is a considerable variation in sex ratios over
birth cohorts, the drastic deviation of sex ratio in 1961 suggests that either male
excess mortality exceeded female excess mortality in 1961 or the sex ratio at birth
dropped dramatically that year, or both.

Like the above reviewed famine studies, Mu and Zhang (2011) is also guided by
the “Barker hypothesis” hypothesizing that, compared to cohorts not born during the
famine, the famine cohort exhibits worse health outcomes and consequently worse
education outcomes. The famine cohort is defined as those born during the
1959-1961 period. The cohort born right after the famine (1963—1965) is chosen
as the control group. The 1962 birth cohort is not included in the control group
because some members were conceived during famine, and there is no way to
correctly separate them into the treatment or control group.

The main dataset used in the analysis is the 1% sample of the 1990 China
Population Census, which contains information about individual disability status,
education, ethnicity, age, and rural or urban residential location. The urban
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Fig. 1 Male-to-female sex ratio and population in rural China. (Data Source: 2000 China
population census) (Note: The famine cohort was born between 1959 and 1961) (Source: Mu and
Zhang 2011)

Table 2 Summary statistics of outcome variables

Women Men Gender Difference
19591961 | 1963-1965 | 19591961 | 19631965 | 1959-1961 | 19631965
Disability rate 2.493 2.197 3.52 3.569 —1.027 —1.372
(%0)
Illiteracy rate (%) | 20.004 12.945 4777 3.341 15.227 9.604
Observations 125,167 273,608 132,669 284,425

Data Source: 2000 China population census
Source: Mu and Zhang (2011)

population is excluded from the analysis since the famine was much less severe in
urban areas, and they did not suffer from as much excess mortality as the rural
population (Lin and Yang 2000; Song 2009). Table 2 presents the gender-specific
mean disability rate and illiteracy rate for the famine cohort and the control group.
Women have a lower disability rate in both groups. The female disability rate relative
to that of males is 0.10% points lower for the famine cohort, while this difference is
0.13 for the control group. Women in both groups also have a higher illiteracy rate.
For the famine cohort, women are 15% more likely to be illiterate than men. The
gender gap is 9.6% for the control group. These descriptive statistics suggest that,
compared to the control group, women in the famine cohort may be worse off in both
health and education outcomes.
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Table 3 Gender difference in famine impact

Disability Rate Illiteracy Rate

Female (1) |Male (2) |(1)—(2) Female (1) |Male (2) |(1)—(2)
Famine cohort —0.092 —2.765° | 2.673 1.932° 0.345 1.587°

(0.944) (1.074) (1.382) | (0.614) (0.330) (0.697)
Number of Obs | 398,775 417,094 |815,869 | 398,775 417,094 | 815,869

Note: The robust standard errors (corrected for serial correlation within county and arbitrary hetero-
skedasticity) are in parentheses. *Significant at 10%; "Significant at 5%; and “Significant at 1%. The
famine cohort is a dummy variable coded as 1 for the age cohort of 1959-1961 and as 0 for cohorts
born during 1963-1965. Other variables included in the regressions but not reported are age, poly-
nomials of age, a dummy variable for gender-neutral ethnic groups, and county fixed effects
Source: Mu and Zhang (2011)

The regression analysis reported in Table 3, controlling for age, age polynomials,
ethnicity, and county-fixed effects, further confirms that the gender difference
reported in Table 2 is statistically significant. Regarding the disability rate, the
impact of famine on women is not significant, whereas it is negative and significant
for males. The insignificant coefficient for females implies that, conditional on
survival, the female cohort is no worse than the cohort born right after the famine.
The negative coefficient for males shows that the famine survivors are healthier than
the control cohort. The estimated gender difference in the famine impact is 2.673.
This means that, compared to the control group, women born during the famine are
2.673% more likely to be disabled than their male counterparts. Given that the
gender difference in the disability rate for the nonfamine cohort is —1.372%o
(Table 2), a coefficient of 2.673 indicates that famine leads to a huge reversal of
the gender gap in disability rate.

With respect to education, the coefficient for the famine cohort is 1.932 and
statistically significant for the female survivors, while it is 0.345 and statistically
insignificant for the males. These estimates show that the female famine survivors
have higher illiteracy rates than the control group, and the male survivors also fare
worse in education, although the effect is not significant. The gender difference is
pronounced and statistically significant, and the exposure to famine increases the
gender gap in illiteracy rate by 1.587%.

In summary, the impacts of the Chinese Great Famine on disability and illiteracy
are bigger for women born during the famine than men of the same cohort.

Two Hypotheses Explaining the Gender Differences: Mortality
Selection and Son Preference

The above analysis shows that the famine has impacted women more negatively.
This gender difference in famine effects could be caused by two forces: mortality
selection during the famine and son-preference culture. Due to mortality selection,
the observed sample of survivors is likely to be the healthier portion of the total
population exposed to the shock. In the case of the Great Famine, Song (2009) finds
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Table 4 Heterogeneity of gender difference in famine impact

Disability Rate Illiteracy Rate

Female Female

1) Male(2) [ (1)-2) (D) Male(2) | (1)~(2)
Famine cohort (a;) —0.139 | —2.764" |2.625° 1.852°  |0.189 1.662°

(0.945) | (1.079) |[(1.371) |(0.612) |(0.325) |(0.698)
Famine cohort x gender- | 3.747° | 0.267 3.480 0.212 2916° | —2.704

neutral ethnic groups (a,)
(1.548) | (1.051) (2.444) | (1.862) |(1.174) |(2.120)

F-statistics for testing 3.85 3.10 4.63 1.09 7.25 0.17

a1 ta,=0

p-value 0.050 0.078 0.032 0.294 0.007 0.676
Observations 396,768 |414,973 | 811,741 396,768 414,973 |811,741

Notes: The robust standard errors (corrected for serial correlation within county and arbitrary
heteroskedasticity) are in parentheses. *Significant at 10%; °Significant at 5%; and “Significant at
1%. Gender neutral ethnicity is defined as the sex ratio at birth in 2000 for the second child, and is
less than 107. Other variables included in the regressions but not reported are age, polynomials of
age, a dummy variable for gender-neutral ethnic groups, and county fixed effects are included
Source: Mu and Zhang (2011)

that the postnatal mortality rate among the famine cohort was lower than that among
the pre- and postfamine cohorts, suggesting a strong famine-induced mortality
selection. With males having higher excess mortality, as documented by literature
reviewed in section “Gender Specific Excess Mortality during Famine,” the mortal-
ity selection hypothesis predicts that for the cohort exposed to famine early in life,
adult men may have better health outcomes than women, when compared to the
cohort not exposed to famine. At the same time, the culture of son preference that
persisted in many parts of China may improve the average welfare of the surviving
boys relative to that of the girls, likely resulting in better outcomes for men.

Consistent with the empirical results presented in section “Gender Difference in
the Long-term Effect of the Chinese Great Leap Forward Famine,” both the mortality
selection effect and the son preference effect predict that women would be more
negatively affected by famine. Further investigation is needed in order to understand
how the two effects shape gender difference in famine impacts. For this purpose,
Mu and Zhang (2011) explores heterogeneities in son-preference culture across
different ethnic groups in China. Some ethnic groups do not exhibit the same degree
of son preference as others (Chen and Chen 2004; Zhang 2006). If son preference
causes gender difference in the famine impacts, one would expect little gender
difference among the ethnic groups without son preference. However, if the mortal-
ity selection effect were the main force underlying the gender difference, we would
expect female survivors to fare worse, regardless of their ethnic identities.

The level of son preference is measured using the sex ratio of second births
(Zeng et al. 1993; Das Gupta 2005). Given the evidence that the culture of son
preference is persistent over time (Almond and Edlund 2008), the sex ratio of second
births calculated from the more recent census (2000) could reasonably measure the
culture of son preference at the time of famine. To assure reliability in the
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measurement of the sex ratio, the 19 ethnic groups (out of 56) whose population is
larger than one million are included in the analysis. An ethnic group is defined as
being “gender neutral” if the sex ratio of the second births is less than 106, and
“gender biased” if it is over 106. By this definition, four ethnic minorities (Uygur,
Tibetan, Dai, and Bai) are identified as being gender neutral.

Table 4 presents results on heterogeneity of the gender difference in the famine
impacts by gender. In the regression framework, the summation of the coefficient on
“famine cohort” and the interaction term between “gender neutral” and “famine
cohort” gives the famine impact for the gender neutral group, and the coefficient on
the famine cohort itself is the famine effect on the gender biased group. For disability
rate, the results show that in both ethnic groups, men exposed to famine have lower
disability rates. For the ethnic group with son preference, the estimated gender
difference is statistically significant. For the gender neutral ethnic group, the F-
statistics shows that the gender difference is significant as well. Given that son
preference does not apply to the gender neutral group, these results imply that son-
preference culture is not the driving force for the observed gender difference, and
very likely mortality selection underlies the gender difference in the famine impact
on disability (Table 3).

With respect to the education outcome, the results show that men in gender
neutral ethnic groups are more negatively affected by famine than men in the ethnic
group with son preference. The gender difference is only significant in the group
with son-preference culture but not in the gender neutral group. The results imply
that son preference is likely to be the major cause for the observed gender difference
in the famine impact on education.

Opverall, there is strong evidence that exposure to famine in utero increases the
likelihood of disability and illiteracy for women born during the famine, relative to
men of the same cohort. Both female mortality advantage and son-preference culture
can explain this gender difference but for different outcomes. Female mortality
advantage explains the gender difference in health outcome, suggesting that female
survivors adapted to a hunger environment early in life would suffer from more
adverse health later in life. Whereas son preference leads to gender difference in the
impact of famine on education outcomes: females of the famine cohort have a higher
illiteracy rate than their male counterparts.

Policies and Protocols

To identify the long-term impact of nutrition deprivation in early life, a shock — such
as a famine, pandemic, or disastrous weather — that occurs during the early life of an
individual can be used as a natural experiment. With this approach, this review on
studies of famine, and the Chinese Great Famine in particular, confirms the existence
of such long-term impact and provides evidence on the importance of early child-
hood nutrition. The policy implication of this finding is clear: timely health and
nutrition interventions for pregnant women, infants, and small children vulnerable to
nutrition deprivation are both important and smart.
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During famine, boys are likely to be favored over girls in household resource
allocation. This son-preference culture, prevalent in many countries, has led to more
negative famine impact on the education outcomes for Chinese women born during
famine. Hence, policies aimed to help affected people during crises should be
designed with gender in mind. Programs, such as conditional cash transfer programs,
that can potentially change household behavior should be considered.

Lastly, understanding famine requires a gender perspective and also requires
contributions from different disciplines, including anthropology, epidemiology,
demography, economics, history, medicine, and sociology. Together with other
chapters in this book, this chapter shows that famine study must be interdisciplinary.

Dictionary of Terms

* Great Leap Forward Famine — The Great Leap Forward Campaign was an
economic and social movement launched in 1958 by the Chinese Communist
Party. The goal was to catch up with or even surpass the Western countries in
economic development through rapid industrialization and collectivization.
In 1959, a severe famine broke out and through the end of 1961, the unprece-
dented famine caused about 25-30 million excess deaths and another roughly 30
million delayed births. Researchers have traced the famine to various policies
adopted during the Campaign and the famine is thus known as the Great Leap
Forward Famine.

* Sex ratios — Conventionally reported as the number of males per 100 females, sex
ratios summarizes the gender composition of a population. A higher sex ratio is
more male biased and a lower sex ratio is more female biased. Sex ratios for
human populations average 105-106.

» Excess mortality — It is a measure of the deaths, due to a negative circumstance,
which occurs over and above what the regular death rate would predict.

Summery Points

* Many famine studies have consistently identified female advantage in excess
mortality in different famines, on nearly every continent, and across time.

» Evidence of unfavorable treatment of girls and women during lean times has been
found in many countries.

* To understand the gender aspects of famine, one has to consider these two
somewhat opposite forces when appropriate: female advantage in excess mortal-
ity during famine and son preference in cultural norms.

» Researchers have traced the Chinese Great Famine to various factors related to
policies adopted during the time.

+ Studies on the Chinese Great Famine have identified significant negative impacts
on outcomes across several domains, particularly in mental health, physical
health, educational attainment, household wealth, and employment in adulthood.
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* The impacts of the Chinese Great Famine on disability and illiteracy are higher
for women born during the famine than for men of the same cohort.

» Female mortality advantage explains the gender difference in health outcome,
whereas son preference leads to gender difference in the impact of famine on the
education outcome.

» Timely health and nutrition interventions for pregnant women, infants, and small
children vulnerable to nutrition deprivation are both important and smart.

» Policies aimed to help affected people during crises should be designed with
gender in mind.

* Understanding famine requires a gender perspective and also requires contribu-
tions from studies from different disciplines.

References

Abrevaya J (2009) Are there missing girls in the United States? Evidence from birth data. Am Econ
J Appl Econ 1:1-34

Almond D, Edlund L (2008) Son-biased sex ratios in the 2000 United States census. Proc Natl Acad
Sci 105:5681-5682

Almond D, Edlund L, Li H, Zhang J (2007) Long-term effects of the 1959-1961 China famine:
mainland China and Hong Kong. NBER working paper, vol 13384. National Bureau of
Economic Research, Cambridge, MA

Baird S, Friedman J, Schady N (2011) Aggregate income shocks and infant mortality in the
developing world. Rev Econ Stat 93(3):847-856

Barker DJP (1992) The fetal origins of diseases of old age. Eur J Clin Nutr 46:S3—S9

Boyle PP, O Grada C (1986) Fertility trends, excess mortality, and the Great Irish Famine.
Demography 23(4):543-562

Cai Y, Wang F (2005) Famine, social disruption, and involuntary fetal loss: evidence from Chinese
survey data. Demography 42:301-322

Cameron L, Worswick C (2001) Education expenditure responses to crop loss in Indonesia:
a gender bias. Econ Dev Cult Chang 49(2):351-363

Chang GH, Wen GJ (1998) Food availability versus consumption efficiency: causes of the Chinese
famine. China Econ Rev 9:157-165

Chen C, Chen S (2004) The fertility culture of minorities (Shaoshu Minzu Shengyu Wenhua).
China Population Press, Beijing

Chen'Y, Zhou L (2007) The long-term health and economic consequences of the 1959-1961 famine
in China. J Health Econ 26:659-681

Das Gupta M (2005) Explaining Asia’s ‘missing women’: a new look at the data. Popul Dev Rev
31:529-535

Das Gupta M, Jiang Z, Li B, Xie Z, Chung W, Bae H (2003) Why is son preference so persistent in
east and south Asia? A cross-country study of China, India and the Republic of Korea. J Dev
Stud 40(2):153-187

de Waal A (1989) Famine mortality: a case study of Darfur, Sudan 1984-1985. Popul Stud
43(1):5-24

Deaton A (1997) The analysis of household surveys: a microeconometric approach to development
policy. John Hopkins University Press, Baltimore and London

Duflo E (2012) Women empowerment and economic development. J Econ Lit 50(4):1051-1079

Hassold T, Quillen S, Yamane J (1983) Sex ratio in spontaneous abortions. Ann Hum Genet
47:39-47



5 Aspects of Gender in Famine: Evidence from the Chinese Great Leap. .. 75

Healey J (2015) Famine and the female mortality advantage: sex, gender and mortality in northwest
England, c. 1590-1630. Contin Chang 30(2):153—-192

Huang Y, Otsuka K, Rozelle S (2008) Agriculture in China’s development: past disappointments,
recent successes, and future challenges. In: Brandt L, Rawski TG (eds) China’s great economic
transformation. Cambridge University Press, Cambridge

Jakobovits A (1991) Sex ratio of spontaneously aborted fetuses and delivered neonates in second
trimester. Eur J Obstet Gynecol Reprod Biol 40:211-213

Jayachandran S (2009) Air quality and early-life mortality: evidence from Indonesia’s wildfires.
J Hum Resour 44(4):916-954

Jayachandran S (2015) The roots of gender inequality in developing countries. Ann Rev Econ
7:63-88

Johnson DG (1998) China’s great famine: introductory remarks. China Econ Rev 9:103—-109

Kim S, Deng Q, Fleisher B, Li S (2014) The lasting impact of parental early life malnutrition on
their offspring: evidence from the China Great Leap Forward Famine. World Dev 54:232-242

Kis D (2013) Detying death: women’s experience of the Holodomor, 1932-1933. ASp 7:42-67

Lazarus J (2002) Human sex ratios: adaptations and mechanisms, problems and prospects.
In: Hardy I (ed) Sex ratios: concepts and research methods. Cambridge University Press,
Cambridge

Li Q, An L (2015) Intergenerational health consequences of the 1959-1961 Great Famine on
children in rural China. Econ Hum Biol 18:27-40

Li W, Yang DT (2005) The great leap forward: anatomy of a central planning disaster. J Polit Econ
113:840-877

Lin JY (1990) Collectivization and China’s agricultural crisis in 1959-1961. J Polit Econ
98:1228-1252

Lin JY, Yang DT (2000) Food availability, entitlements and the Chinese famine of 1959-61. Econ J
110:136-158

Lin JY, Cai F, Li Z (1996) The China miracle: development strategy and economic reform. The
Chinese University Press, Hong Kong

Luo Z, Mu R, Zhang X (2006) Famine and overweight in China. Rev Agric Econ 28:296-304

Maccini A, Yang D (2009) Under the weather: health, schooling, and socioeconomic consequences
of early-life rainfall. Am Econ Rev 99(3):1006-1026

Macintyre K (2002) Famine and the female mortality advantage. In: Dyson TO, Grada C (eds)
Famine demography: perspectives from the past and present. Oxford University Press, Oxford

Meng X, Qian N (2006) The long run impact of childhood malnutrition: evidence from China’s
great famine. Department of economics working paper. Brown University, Providence

Mesle F, Vallin J (2012) Mortality and causes of death in 20th-century Ukraine. Springer Science &
Business Media, Dordrecht

Mizuno R (2000) The male/female ratio of fetal deaths and births in Japan. Lancet 356:738-739

Mu R, Zhang X (2011) Why does the Great Chinese Famine affect the male and female survivors
differently? Mortality selection versus son preference. Econ Hum Biol 9:92-105

Naughton B (2007) The Chinese economy. The MIT Press, Cambridge

Peng X (1987) Demographic consequences of the Great Leap Forward in China’s provinces. Popul
Dev Rev 13:639-670

Pitkdinen K (2002) Famine mortality in nineteenth-century Finland: is there a sex bias.
In: Dyson TO, Grada C (eds) Famine demography: perspectives from the past and present.
Oxford University Press, Oxford

Ravallion M (1997) Famine and economics. J Econ Lit 35(3):631-638

Ravelli ACJ, van de Meulen JH, Osmond C, Barker DJ, Bleker OP (1999) Obesity at the age of 50
in men and women exposed to famine prenatally. Am J Clin Nutr 70:811-816

Razzaque A, Alam N, Wai L, Foster A (1990) Sustained effects of the 1974—-1976 famine on infant
and child mortality in a rural area of Bangladesh. Popul Stud 44(1):145-154

Rose E (1999) Consumption smoothing and excess female mortality in rural India. Rev Econ Stat
81(1):41-49



76 R. Mu

Sen A (1990) More than 100 million women are missing. N 'Y Rev Book 37(20):61-66

Shettles LB (1961) Conception and birth sex ratios. Obstet Gynecol 18:122—130

Shi X (2011) Famine, fertility, and fortune in China. China Econ Rev 22:244-259

Song S (2009) Does famine have a long-term effect on cohort mortality? Evidence from the
1959-1961 Great Leap Forward Famine in China. J Biosoc Sci 41:469-491

Song S (2012) Does famine influence sex ratio at birth? Evidence from the 1959—1961 Great Leap
Forward Famine in China. Proc Biol Sci 279(1739):2883-2890

St. Clair D, Xu M, Wang P, Yu Y, Fang Y, Zhang F, Zheng X, Gu N, Feng G, Sham P, He L (2005)
Rates of adult schizophrenia following prenatal exposure to the Chinese famine of 1959-1961.
JAMA 294:557-562

United Nations (UN) Secretariat (1998) Too young to die: genes or gender. United Nations
Publications, New York

Waldron I (1998) Sex differences in infant and early child mortality: major causes of death and
possible biological causes. In: United Nations (ed) Too young to die: genes or gender?
United Nations Publications, New York

Wilson EO (1975) Sociobiology: the new synthesis. Harvard University Press, Cambridge

World Bank (2011) World development report 2012: gender equality and development.
World Bank, Washington, DC

World Bank (2012) Engendering development: through gender equality in rights, resources, and
voice. New York/Oxford/Washington, DC: Oxford University Press/World Bank

Yang DL (1996) Calamity and reform in China: state, rural society, and institutional change since
the great leap famine. Stanford University Press, Stanford

Yang DL, Su SF (1998) The politics of famine and reform in rural China. China Econ Rev
9:141-155

Yang Z, Zhang W, Zhang X, Mu R, Zhai Y, Kong L, Chen C (2008) Impact of famine during
pregnancy and infancy on health in adulthood. Obes Rev 9:95-99

Zarulli V, Barthold JA, Oksuzyan A, Lindahl-Jacobsen R, Christensen K, Vaupel JW (2017)
Women survive severe famines and epidemics better than men. In: Paper presented at population
association of America annual meetings

Zeng Y, TuP, Gu B, Xu Y, Li B, Li Y (1993) Causes and implications of the recent increase in the
reported sex ratio at birth in China. Popul Dev Rev 19(2):283-302

Zhang L (2006) Zhongguo Shaoshu Minzu Renkou Chusheng Xingbiebi Wenti Yanjiu [Study on
sex ratio at birth among Chinese minority ethnic groups]. Xibei Renkou [Northwest Demogra]
1:28-31



®

Check for
updates

Understanding Famine in Ethiopia: 6
Bio-physical and Socio-economic Drivers

Fatemeh Taheri and Hossein Azadi

Contents
B3T3 076 L7 T ) 78
Drivers of Ethiopia’s Famine .......... ... 79
Bio-Physical Interference ...............ooiiiiiii e 79
S0cio-Economic INtervention .. .........ooueeeeeeiiiiee i 81
(0703 4 1od 103 107+ 87
Policies and ProtoCols . ........uuiii i e 89
Dictionary of TEIMIS . ...t e 89
Summary POINS . ... e 89
2S5 £ ()81 90
Abstract

The aim of this review study is to examine the persistence of famine in Ethiopia in
the framework of sustainability which includes both bio-physical and socio-
economic drivers. On one hand, the authors argue that famine occurrences are
linked to drought, climatic change, and change in agricultural land use that have
increased the vulnerability of Ethiopian households to hunger over time and
reduced the inflexibility to environmental and economic shocks. On the other
hand, the authors argue that the cause of Ethiopia’s recurrent famine is not only
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natural interference, but it is also the reaction of society and governments that
create a famine. Food security for Ethiopia requires an integrated long-term
response to household vulnerability on the part of Ethiopian governments, civil
society, and international partners by incorporating new technologies, local
expertise, and active involvement of Ethiopian communities living with the
realities of recurrent famine. Accordingly, the paper outlines a conceptual frame-
work and concludes that famine cannot be explained exclusively in terms of
resource shortage and politics is no less important. The framework creates a
useful tool for policy makers to analyze the famine prevention approaches.

Keywords
Famine - Drivers - Natural interference - Drought - Climatic change - Land use
change - Economic development - Government - Human rights - Ethiopia
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EPRDF  Ethiopian People’s Revolutionary Democratic Front
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UDHR Universal Declaration of Human Rights
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Introduction

Ethiopia has a long history of recurring and devastating famine. On the surface, it
appears that erratic weather conditions have repeatedly triggered large-scale hunger
and starvation. In recent years, famine has unfortunately become Ethiopia’s trade-
mark and even now, despite changes in regimes, the threat of famine continues. In
1973, during the Imperial regime, almost three million Ethiopians were affected by
food shortages and total excess mortality in the country hovered at around 250,000.
A decade later, during the “Marxist-Leninist” Derg regime, approximately 7.8
million Ethiopians were caught struggling for survival, out of which excess mortality
was conservatively estimated at 700,000 (Vadala 2009). And in the year 2000,
amidst the “free-market” orientation of the EPRDF (Ethiopian People’s Revolution-
ary Democratic Front) regime, 8 million people required food aid, out of which
excess mortality was estimated to be over 6000 in one district alone (Howe and
Devereux 2007). Three years later, the number of Ethiopians requiring food aid rose
to 14 million. For Ethiopia, 2016 was a challenging year as it faced with the worst El
Niflo impact in the last 50 years. The beginning of El Nifio combined with failed
Belg (spring harvest) and Meher (main harvest) rainfall in 2015 and resulted in need
of emergency food and nutrition assistance for 10.2 million people. At the
same time, Ethiopia was dealing with both residual needs from the 2015/2016 El
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Nifio-induced drought and new drought in lowland pastoralist areas due to below
average 2016 autumn rains in the southern and southeastern parts of the country, as
well as in pocket areas across the country. As a result, 5.6 million people in Ethiopia
require emergency food assistance in 2017. In addition, 2.7 million children and
pregnant and lactating mothers require supplementary feeding, 9.2 million people
need support to access safe drinking water, 1.9 million households need livestock
support, and 300,000 children between 6 and 59 months old are targeted for the
treatment of severe acute malnutrition in 2017. Nutrition reports by Emergency
Nutrition Coordination Unit indicate worsening nutrition situation in Ethiopia in
future (FSNWG 2017).

Webb and von Braun (1994), in their discussion of famine in Ethiopia, define
famine as “a catastrophic disruption of society as manifested in a cumulative failure
of production, distribution and consumption systems” (p. 35). The principal conse-
quences of famine are a concentrated decline of food consumption resulting in
chronic weight losses for individuals and sharp increases in excess mortality,
massive social disruption, and long-term resource depletion. Although famine has
long been considered a discrete event triggered by external causes and amenable to
technical solutions, researchers, and scholars have recently challenged this view,
arguing that famine must be understood as a long-term socioeconomic process that
accelerates destitution of a society’s most vulnerable groups to the point where their
livelihood systems become untenable (Baro and Deubel 2006).

Many experts relate Ethiopia’s cyclical famine with the country’s dependence
on rainfed smallholder agriculture, drought, rapid population growth, or agricul-
tural market dysfunctions (Vadala 2009; FSNWG 2017). Although these factors
do have significant role in the matter, they tend to hide the critical cause of hunger
in the country — lack of rights and accountable government. To fully understand
the vulnerability of the Ethiopia population to famine, we need to understand the
concurrent impact of bio-physical and socio-economic drivers. Hence, there is a
clear need for research considering both bio-physical and socio-economic drivers
of famine in Ethiopia. Drawing on sustainability framework, this chapter reviews
drivers of famine in Ethiopia which include both bio-physical and socio-
economic drivers.

Drivers of Ethiopia’s Famine
Bio-Physical Interference

Famine mainly resulted from natural disasters. Natural disasters lead to reduction in
food production for a particular duration and with no doubt droughts have created
severe food deficiencies in the case of Ethiopia, (Vadala 2009). According to the
June Food Security and Nutrition Working Group (FSNWG), food security remains
a concern in north-eastern parts of Ethiopia previously hit by drought (FSNWG
2017). According to the World Bank (2015), the whole Ethiopian economy is
dependent on rainfall and data on rainfall variation and GDP growth from 1982 to
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2000 illustrate that there is a positive correlation between the two. Thus, natural
disasters have obvious negative impacts on food production and even on the
economic performance of the country. The causes for the famine can be attributed
to a variety of interrelated and complex factors. The main causes include climatic
change and change in land use (Shegro 2016).

Climatic Change

Climate change is widely recognized as one of the prime challenges facing Africa,
and the continent is often cited as the hardest hit by potential transformations (Boko
et al. 2007). Sub-Saharan Africa has been identified as one of the main parts of the
world most expected to suffer from climate change due to high reliance on its
agricultural sector, the main sources of people’s livelihoods (Niang et al. 2014)
and accounting for approximately 96% of overall crop production (World Bank
2015; Serdeczny et al. 2016). The impact varies from country to country causing
substantial welfare losses and countless suffering. In East Africa, for instance,
changes in rainfall patterns are expected to reduce crop yield by at least 10-20%
by 2050 (Kotir 2011; Thornton et al. 2011) and will drop by 20-50% in West Africa
by 2050 (Sarr 2012). Climate models suggest that Ethiopia will see further warming
in all seasons between 0.7 °C and 2.3 °C by the 2020s and of between 1.4 °C and
2.9 °C by the 2050s. As a result, under moderate global warming cereal production
in Ethiopia expected to decline by 10-12% (MOA 2011).

IPCC reports that rising temperature and changing precipitation patterns will
likely lead to an acute decline in rain fed crop production (IPCC 2007). Temperature
and precipitation alterations will also affect hydrological cycle and water availability.
The groundwater levels of aquifers have also been affected by climate change due to
recharge variations. Whereas the exact effects are still unknown, it is quite clear that
Ethiopia will need to make far-reaching adaptations in its farming systems to
accommodate changed rainfall patterns and cropping seasons by planting new
crops and crop varieties and adopting new farming practices. The narrow range of
agricultural products determines Ethiopian’s vulnerability and Ethiopia has major
heavy dependency on agricultural products to support its economies, which often fail
due to pest outbreaks, climate variation, and changes in prices. Further food insecu-
rity for rural people has increased due to climate change, inappropriate land use, or
land tenure policies (Harnevik et al. 2007).

Change in Agricultural Land Use

Ethiopia’s principal natural resource is its rich endowment of agricultural land.
Agriculture which constitutes 46 percent of GDP directly supports about 85% of
the population in terms of employment and livelihood. It contributes about 50% of the
country’s gross domestic product (GDP), generates about 88% of the export earnings,
and supplies around 73% of the raw material requirement of agro-based domestic
industries. It can be considered as the main source of food for the population and then
the leading contributing sector to food security. In addition, the country’s overall
socio-economic development is expected to speed up by agriculture sector which
plays a key role in generating surplus capital (Finnish Foreign Ministry 2009).
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In the contemporary era of ecological change and global land rush, the politically
contested nature of land control and land access among rural dwellers has become
even more difficult a challenge across many developing countries. In the context of
Ethiopia, most livelihoods are fundamentally grounded in the agricultural sector
(Shegro 2016). The growth of the agricultural sector greatly determines the eco-
nomic growth of the country. However, the sector is dominated by subsistence rain-
fed farming systems and trapped by numerous challenges. These challenges include
shrinking farm sizes, high farmland fragmentation, high population pressure, land
tenure insecurity, farmland scarcity, erratic rainfall, environmental degradation, low
farm income, and productivity (Nega et al. 2003; Tolossa 2005). These issues have
been assumed to constrain the process of agrarian change and differentiation in rural
areas. Although land remains at the center of rural livelihoods, these problems have
particularly resulted in declining levels of access to this key resource by the poor,
thereby affecting food security and livelihoods of most households in many rural
areas (Shegro 2016). It is also plausible to decline access to land resources among the
rural poor while increase access to the same resource by other actors including the
state, state-owned enterprises or private corporate actors. In a new era of global land
rush and climate change, the challenges of poor rural people are likely to intensify
further. Many studies in rural Ethiopia (e.g., Carswell 2002; Devereux 2009; Tolossa
2005) indicate important changes in the composition and sources of rural incomes
propelled by these factors.

Socio-Economic Intervention

Famine affects only certain countries while nature’s forces and climatic condi-
tions can affect any country. Drought may result in famine in many sub-Saharan
countries including Ethiopia while with the same intensity in Australia causes no
famine at all. It has become clear in recent years that nature’s forces and climatic
conditions like drought cannot solely be responsible for famine causation as was
the dominant mode of thinking five decades ago. There are more events which
lead to famine than just drought or other adverse climatic events (Vadala 2009).
As a result, theories of famine have shifted from an emphasis on environmental
causes to economic and sociopolitical causes (Baro and Deubel 2006). This
section addresses the major causes and explanations of famine in Ethiopia within
such a framework.

Economic Development

Out of the top ten fastest growing economies in the world since 2011 seven are
African. With an average annual real GDP growth rate of 8.1%, Ethiopia ranks seven
(The Economist 2011). Ethiopia’s development has been articulated with the ulti-
mate goal to become a middle income country by 2025. In order to achieve this goal,
strategic sectors such as agriculture and energy will require transformation, as both
sectors will have to accommodate a great demographic intensification (see Table 1)
(UNESCO 2017).
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Table 1 Projecting Ethiopian Demographics from 2012 to 2050 (Adapted from UNESCO 2017)

Year
Demographic Indicators 2012 2032 2050
Population (millions) 83.7 133.5 171.8
Employed (percentage of population) 56 61 68
Dependent population (percentage of population) 44 39 32

An old-aged (i.e., a decade) base of strong agricultural growth conclude a
Ethiopia’s Growth and Transformation Plan (GTP) and the forthcoming Growth
and Transformation Plan II (GTP II) in order to produce a wide range of inputs
(including improved seeds, fertilizer, mechanization, land), energy use (hydro-
power), irrigation as well as maintenance and land repossessions goals. For example,
Ethiopia intends to increase cultivable land by 13%; therefore, the conversion of
grazing and/or forest lands into crop lands is required in this policy. Also, it has been
planned to increase irrigated land by more than 400% over the same period.
Finally, in order to achieve significant productivity increases in agricultural output
(30% increase in crop productivity of various crops), fertilizer use is expected to
increase by approximately 100% (Ministry of Finance and Economic Development
(MoFED) 2010). In addition to these traditional economic objectives of growth,
GTP also outlines a National Resource Conservation Plan that seeks, among other
things, to rehabilitate land and increase forest cover. These conservation targets are
further detailed in Ethiopia’s Climate Resilient Green Economy Strategy (CRGE)
which seeks to achieve economic development in a sustainable way (Federal Dem-
ocratic Republic of Ethiopia 2012).

All these transformative changes, in combination with population growth and
changing consumption patterns, create an increasing demand for natural resources
and ecosystem services. Along with climate change, additional pressures manifested
in resource degradation result in many millions of people continue to lack basic
human (food, energy, and water) securities (Karlberg et al. 2015).

Land Tenure System

According to the Constitution of the Federal Democratic Republic of Ethiopia (GOE
1997), the right of land ownership and other natural resources of the country are
exclusively granted to the State and the peoples of Ethiopia. This implies that all
subsidiary laws and regulations of the country which could be issued either by the
Federal or Regional State bodies recognize usufructuary rights to land which can be
in the form of state, communal or group, and private holdings. Private ownership of
land is prohibited although the right to use and inherit land is possible (Teklemariam
et al. 2017). Insecure land tenure or the lack of land ownership also restricts the
farmers’ access to the credits that are required for improved land practices. This lack
of access to credits forces them to go for traditional land-use practices, despite their
willingness to change. Thus, national policies affect the land-use systems by
influencing institutional arrangements such as credit and marketing facilities, and
infrastructure development.
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Fig. 1 Conventional characterizations of tenure’s impact on agricultural production. (Adapted
from Finnish Foreign Ministry 2009)

In brief, the land reforms are concentrated on food security, greater equity,
productivity, better conservation practices from changes in tenure. Thiesenhusen
et al. (2017) noted the following outcomes from land tenure reform: (i) food security,
(ii) reduction in social polarity, (iii) increased investment, (iv) transparent production
incentives, (v) poverty reduction, (vi) increased employment, and (vii) greater
equity. The relationship between land tenure (either through legal changes or
through institutional reforms) and agricultural productivity is depicted in Fig. 1
(Finnish Foreign Ministry 2009).

Food Availability Decline/Inappropriate Land Use

Early work on famine was heavily influenced by Malthus who proposed that famine
followed excessive population growth and served to keep carrying capacity in
check by reducing populations to a level consistent with food production (Baro
and Deubel 2006). In his work, which dates back to 1798, Malthus entertained the
notion that population growth has to be balanced with food production; failure to
do so would force nature to take measures into its own hands by wiping off the
“excess.” There have been several critics on his work; the fact that nowadays the
world is over-producing food at a time when there are almost seven times more
people than the 1 billion Malthusian “limit” could be cited as an example.
Malthus’ analysis may have several inconsistencies, but the central theme is not
so erroneous; there is indeed a limit as to the carrying capacity of the earth, though
no one knows for sure how much is “full house.” In the case of Ethiopia, the more
relevant issue in this connection is the carrying capacity of land for agricultural
purposes to a population that grows at a yearly rate of 2.3 per cent. It will be
imprudent to ignore the problem of decreasing land-size holdings for agricultural
purposes in the country, not least, because around 85 percent of the population is
engaged in subsistence agriculture (Vadala 2009).

If people shift from agriculture to other sectors of the economy for their liveli-
hood, then population pressure on agricultural land can be part of the explanation of
famine in Ethiopia. Two thirds of households farm are on less than 0.5 hectare, a size
which is known to be insufficient to support a family, at the same time high
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population growth is increasingly putting a pressure on land (Ziegler 2005). Coupled
with droughts and other unfavorable weather conditions, increasing population
pressure on land is a challenge to famine prevention in Ethiopia.

Food Accessibility Decline

In the last two or three decades, there has been a revolution in thinking about the
explanations of famines. The entitlement’s approach by Amartya Sen brought the
issue of food accessibility to the forefront of the academic debate on famine. Sen
noted that there is often enough food available in the country during famines but all
people do not have the means to access it. More specifically, famines are explained
by entitlement failures, which in turn can be understood in terms of endowments,
production possibilities, and exchange conditions among others (Sen 1981).

Ethiopia is a good case in point where, for instance, food was moving out of
Wollo when the people in the region were affected by the 1972—-1973 famine (Sen
1981), and even today some regions in Ethiopia produce surplus, while people in
other regions face famine threats. There are of course infrastructural problems in the
country to link the surplus producing regions to the food-deficit ones. However, the
question goes beyond this simplistic level, as some people simply do not have
enough entitlements to have a share of the food available in the country, a situation
which can be described as a case of direct entitlement failures (Tully 2003). Or else,
peasants do not find the right price for their surplus, as in the 2002 Bumper Harvest
which ended up in an 80 per cent price drop, illustrated a failure in peasants’
exchange entitlements. Alternatively, the most irrigated land of the country in the
Awash River basin, for instance, is used primarily for cash crop production to be
exported to the western world (even when there is drought) leading the vulnerability
of various pastoralist groups to turn into famine or underpinned by what is known as
a crisis in endowments and production possibilities.

In short, while drought and population pressure can partly explain famine threats in
Ethiopia, the entitlements approach provides an explanation from an important but less
visible angle. The approach points to the direction of policy failures by shifting the
attention from the absence of food to lack of financial access to food. The point that only
some classes in society are affected by famine clearly indicates that policy failures are
central to the understanding of famine. In the next section, the success or failure of famine
prevention policies and practices will be measured against internationally recognized
standards, and one such standard is the right to food (Vadala 2009).

The Right to Food

The following agreements of many international accords concerning the right to food
and the numerous countries who have agreed with this right have possibly created a
worldwide right to food. The right to food has become internationally established
due to the creation of international human rights treaties and international conven-
tions worldwide. By agreeing to such covenants, signatories agree to live up to the
covenants’ purpose and procedures, which suggests that such states accept the
proposition that a right to food is a basic human right that every person ought to
have (Tenente 2007).
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The UDHR (Universal Declaration of Human Rights) presents the right to
food in article 25, which outlines the idea that everyone has the right to a standard
of living adequate for the health and well-being of himself and of his family,
including food. The UDHR later served as the foundation to the ICESCR (The
International Covenant on Economic Social and Cultural Rights) to which Ethi-
opia became a state party in 1993. The covenant is legally binding on all state
parties including Ethiopia. Article 11(2) of the ICESCR elaborated on the right to
food. The States Parties to the present Covenant, recognizing the fundamental
right of everyone to be free from hunger, including specific programs, are as
follows (Vadala 2009):

(a) Improvements in methods of production, preservation, and distribution of food
through full use of technical and scientific knowledge. It is achievable by
spreading principles of nutrition knowledge and/or by promoting or reforming
agrarian systems in such a way as to gain the most efficient development and
utilization of natural resources;

(b) The problems of both food-importing and food-exporting countries must
be considered to ensure an equitable distribution of world food supplies in
relation to need.

This being said, the FDRE (Federal Democratic Republic of Ethiopia) Constitu-
tion is one of only 20 constitutions in the world which makes reference to food (FAO).
Article 90 of the Constitution, under the banner of social objectives, states that “to the
extent the country’s resources permit, policies shall aim to provide all Ethiopians with
access to public health education, and clean water, housing, food and social insur-
ance.” Constitutionally, food is regarded as a social objective rather than a human
right; nevertheless, this is not to say that Ethiopia is not bound by the right to food.
Ethiopia has been a party to the ICESCR since 1993 and has made no reservations to
any articles when ratifying the covenant; hence, it is legally bound by it.

To date, there has been no court case where the right to food has been a subject
of contention in Ethiopia; reference in courts to the international human rights
conventions in general is “very minimal at best, nil at worst” (Rakeb 2002). To
make matters more complicated, most rural citizens resort to religious, custom-
ary, or social courts at the Kebele level where the notion of human rights is
unheard. There is thus a need to take all appropriate measures to make the right to
food, and particularly the freedom from hunger, justiciable in the Ethiopian legal
system starting from the local courts. Effective human rights in education should
also be provided for beneficiaries to claim rights; unless people are aware that
they have these human rights, it will be very difficult to raise the issue of freedom
from hunger in Ethiopia. Defining food as a right is very important in order to
prevent famine in Ethiopia, not least because the country has repeatedly been
facing famines throughout the past four decades. Additionally, in order to be free
from hunger ensuring direct food entitlements and legal guarantees is not
enough, but agricultural development policies and land tenure systems must be
ensured equally as well (Vadala 2009).
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The Political Setting

In recent years, there have been attempts to determine if there is a link between the
political system of a country and famine prevention, and if such a link exists, which
political system can best protect the people from famine. Sen (1999: 178) asserts that
“there has never been a famine in a functioning multiparty democracy,” indeed, for
him, it is not at all difficult to prevent famines; in addition to economic rights like the
right to food, civil and political rights are of utmost importance. More and more
scholars agree that recent famines, also known as new famines, are political because
they are almost always preventable (Howe and Devereux 2007). In an attempt to
further refine and complement Sen’s theory, de Waal (2000) came up with the notion
of an antifamine political contract with the objective of preventing famines. Anti-
famine political contracts are necessary as well as democracy, according to de Waal
assumption. Such contracts aim to further politicize famine by presenting an incen-
tive for governments to meet their responsibilities. Ineffective government action
and even inaction can cause a heavy political cost through politicizing famine.

Such a political contract attempts to explain why some socio-economic rights are
important enough to require a political guarantee. In fact “famine is so self-evident
and so visible that it readily offers itself as a political cause” (Sen 1999). The
antifamine political contract ensures a long-term solution to the problem by making
the prevention of famine and starvation a priority in the governments’ agenda. In the
absence of civil and political rights, the government is not forced to put the fight
against famine and starvation as a priority (Devereux 2000). We cannot make sure
that liberal civil and political rights assist in freedom from famine unless famine is
politicized (de Waal 2000). Furthermore, such political contracts could work only in
democracies. Famine in this sense ceases to be the result of natural disaster or a
challenge to charity and becomes a political issue. Such a political contract makes
famine and starvation an electoral question (de Waal 2000). The free election of a
government depends, among other things, on its agenda, and its re-election on the
fulfillment of that agenda; famine therefore must appear as one government agenda
in a political contract. This is instrumental in getting the attention of any government
facing famine threats, and where there is free and fair election, the political contract
is different from the notion of food as a right in the sense that it provides a clear
incentive for a government.

Ethiopia has repeatedly been mentioned in the discussion on democracy and
famine prevention. The previous regimes of Emperor Haile Selassie and the Derg
serve as good examples where, respectively, the 1973—1974 and 1984 famines inter
alia occurred in the absence of democracy. At present, not many people (not even the
government itself) dare to assert that Ethiopia is a full-fledged democracy. In 1995
and 2000, elections were not very competitive; opposition parties that participated
were weak, and election practices were not uniformly free and fair over the whole
country (Pausewang et al. 2002). The last elections in 2005 were much more
competitive but ended with controversial results and, among others, the main
CUD opposition party leaders, most of whom were elected, found themselves behind
bars. The European Union Election Observation Mission (2005) stated that overall
“the elections fell short of international principles for genuine democratic elections.”
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Famine is still a threat in Ethiopia in part because of the lack of a functional
multiparty democracy. Where opposition political parties, civil society organiza-
tions, and independent media cannot operate freely, there is no certainty that the
government will put famine prevention as a priority. Democracy, according to Sen, is
the one element that all famines lack; in other words, the presence of nondemocratic
government is the common denominator in all famines. In Ethiopia, the issue of
famine has already been politicized to some extent. The 1974 famine, for example,
came at a heavy political cost for the Imperial government. However, where a full-
fledged democracy is lacking, the effective politicization of famine and starvation is
by no means evident (Vadala 2009).

Conclusion

Indicating the main reason or identifying one single factor which can explain the
occurrence of famine in Ethiopia is very difficult. In conclusion, an important
paradigm shift is underway in the field of famine and food security studies. Famine
is now explained less in terms of an anomalous disaster event and more commonly as
a process rooted in long term social, economic, and political inequalities. The
conceptual framework (Fig. 2) emphasizes interlink ages among and between
bio-physical and socio-economic intervention and famine and the need for coordi-
nation and integrated management and governance across sectors. Based on the
figure, it can be argued that famine has its roots in the notion of access to resources
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Fig. 2 Bio-physical and socio-economic drivers of famine in Ethiopia
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(especially the distribution and productivity of land) and vulnerability of liveli-
hoods to shocks (especially climate change). Therefore, the production and repro-
duction of rural poverty in the country cannot be de-linked from land. Climate
change has also an impact on Ethiopian agriculture and especially increasing
temperature is damaging. Many regions have been severely affected by climate
changes in Ethiopia. Therefore, it is essential to have a policy implication worth
thinking about and planning before damage occurs. Ethiopian government must
design and employ adaptation policies that counteract the harmful impacts of
climate change. There are numerous adaptation options such as investment in
technologies, irrigation, drought tolerant, and early maturing crop varieties, pro-
moting institutional set-ups working in research, and educating farmers and
supporting ownership of livestock, as owning livestock may secure them against
the effects of crop failure or low yields during harsh climatic conditions (Hassan
and Nhemachena 2008).

According to the figure, nature’s forces like climatic conditions and change in
agricultural land use cannot solely be responsible for famine causation, but the figure
also considers socio-economic drivers including economic development, land tenure
system, food availability decline, food accessibility decline, the right to food, and the
political setting. Economic development creates an increasing demand for natural
resources and ecosystem services. The application of technologies for agricultural
and natural resource management is affected by land tenure and property rights.
Sufficient incentives to the farmers are provided by secured property rights which
increase their efficiencies in terms of productivity and ensure environmental sus-
tainability. The decline of food availability and accessibility caused by population
pressure is the major determinant of famine in Ethiopia. There may be enough food
at the national level, but still entitlement failures in some regions can cause famine. It
is natural that without secured property rights farmers do not feel emotional attach-
ment to the land they cultivate, do not invest in land development, and will not use
inputs efficiently. Defining food as a right is very important in order to prevent
famine in Ethiopia, not least because the country has repeatedly been facing famines
throughout the past four decades. Finally, the fulfillment of the right to food also
requires the respect of civil and political rights.

In developing countries where famine is a threat, a functional multiparty democ-
racy tends to ensure that famines do not occur. Here again, democracy by itself is not
sufficient; but it will render governments accountable by imposing a heavy political
cost to failed famine prevention policies. Politics is therefore one major determinant
in the famine equation. This approach can better provide a famine prevention
strategy, and it can also shape our understanding of famine — that famine is not
only the result of natural or economic problems, but that it is the result of political
problems as well. In view of the fact that Ethiopia is presently not a full-fledged
democracy, addressing famine requires more than just applying technical or eco-
nomic fixes to a partly political problem. The protection of human rights could be
considered as an antifamine political contract as well as helping in the fight against
famine. In order to have a permanent solution, it is important to address the problem
is an antifamine political contract, the outcome of which would inevitably depend on
the strength and commitment of all contracting parties.
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Policies and Protocols

* Development seems to be achievable only through damaging the environment. It
is essentially required to have a new approach to resolve improvements in human
securities and aspirations for better lives, with sustainable management of natural
resources and ecosystems.

* The land belongs to the government is recognized as the general problem related
to land policy in Ethiopia. The farmer can work on a land as long as he/she stays
on the farm and neither can sell nor lease land legally. Thus, exiting tenure
security is vital to have a successful agricultural development in Ethiopia,
where about 85% of the population lives in rural areas.

* Future food security for Ethiopia depends on good governance, sound economic
growth policies, and active preparedness. If the underlying issues of political
accountability and economic disparity are adequately addressed in the context of
Ethiopian governance and civil society by international humanitarian interven-
tions and local development planning, the persistence of hunger will continue to
plague most Ethiopian nations well into the twenty-first century.

* More research on the household-level impacts of famine and contextual knowl-
edge in crisis situations is necessary to understand better the nature, scale, and
history of crises and the evolution of different aspects of food security as
conditions change during crises.

Dictionary of Terms

* Bio-physical drivers — Bio-physical drivers of famine comprise a wide range of
natural disasters including climatic change and change in agricultural land use.

* Socio-economic drivers — Socio-economic drivers of famine comprise a wide
range of economic and sociopolitical causes including economic development,
land tenure system, food availability, and food accessibility decline.

* Marxist-Leninist — The Ethiopian Marxist—Leninist Revolutionary Organiza-
tion, commonly known by its Amharic acronyms Malered or Emelared, was a
communist organization in Ethiopia active from 1974 to the late 1970s.

» El Niiio — is an irregularly occurring and complex series of climatic changes
affecting the equatorial Pacific region and beyond every few years, characterized
by the appearance of unusually warm, nutrient-poor water off northern Peru and
Ecuador, typically in late December.

* Kebele — Local administrative unit, comprising about 100,000 people, was
introduced during the military (“derg”) regime.

Summary Points
* Famine occurrences are linked to drought, climatic change, and change in agricul-

tural land use that have increased the vulnerability of Ethiopian households to hunger
over time and reduced the inflexibility to environmental and economic shocks.
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» The cause of Ethiopia’s recurrent famine is not only natural interference, but it is
also the reaction of society and governments that create a famine.

» Famines and food shortages in Ethiopia are linked to persistent vulnerabilities,
which are often the result of bio-physical and socio-economic processes that limit
the options and opportunities of households.

* Famine has its roots in the notion of having access to resources especially the
distribution and productivity of land and vulnerability of livelihoods to shocks
especially climate change.

* Economic development, land tenure system, food availability decline, food
accessibility decline, the right to food, and the political setting are the major
socio-economic determinants of famine in Ethiopia.
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Abstract

This chapter discusses the role of malnutrition in children under the age of 5 growing
up in India. Malnutrition is an ongoing public health challenge in children around
the world and specifically within this subcontinent. Malnutrition includes both
undernutrition and obesity. Some common forms of undernutrition include stunting,
wasting, and micronutrient deficiencies. In an effort to help address undernutrition,
several studies have examined various contributing factors. Some of the challenges
in addressing undernutrition have been: regional differences in the burden and
determinants, rapid urbanization, and the social and economic status of families/
individuals. In addition, the consequences of ongoing undernutrition in Indian
children are severe. Some of the risks associated with undernutrition include:
mortality, morbidity, impaired growth and development, and reduced economic
productivity. Thus, addressing the biological and social risk factors contributing to
poor nutrition in children under age 5 in India is a critical imperative for achieving
optimal health and development of its growing population.

Keywords

Nutrition - Malnutrition - Child nutrition - India - Stunting - Wasting
Micronutrients - Mortality - Morbidity - Risk - Growth - Development -
Economic - Inequality

List of Abbreviations

AHS Annual health survey

LBW  Low birth weight

MDG  Millennium Development Goals
NCD  Noncommunicable disease
NFHS National Family Health Survey
WHO  World Health Organization

Definitions of Words and Terms

1. Stunting: Being at a length/height below that of one’s age group (minus two
standard deviations from the median length for age of reference based on the
WHO Child Growth Standards median).

2. Wasting: Not meeting weight expectations based on height (minus two standard
deviations from the median height of reference population based on the WHO
Child Growth Standards median).

3. Underweight: Not meeting weight expectations based on age. Moderate and severe
underweight is being below minus two standard deviations from the median weight
for age of reference population. Severe underweight is being below minus three
standard deviations from median weight for age of reference population.

4. Micronutrient: A substance or chemical needed in small amounts to meet the
growth and development needs of an individual.

5. Low birth weight: Being at a weight below 2,500 g or 5.5 pounds at birth.
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Global Overview of Malnutrition Epidemiology, Determinants,
and Consequences

Epidemiology and the Burden of Malnutrition

Malnutrition, which includes undernutrition and obesity, is one of the most
widespread challenges experienced by children and adolescents worldwide
(Black et al. 2013). Almost half of the deaths occurring among children under 5 years
of age can be attributed to undernutrition (Ahmed et al. 2012; Black et al. 2013;
UNICEF 2015). Two of the most commonly recognized forms of undernutrition are
stunting (chronic, intergenerational undernutrition) and wasting (acute undernutri-
tion). Micronutrient deficiencies are the third major form of undernutrition and are
themselves a major contributor to malnutrition and possibly stunting among chil-
dren. Inadequate vitamin and mineral intake can lead to deficiencies and increased
susceptibility to disease. In effect, micronutrient deficiencies may also be associated
with impaired fetal development, subsequent stunting, and other forms of undernu-
trition. Not meeting the nutrient needs of children is an indicator of the health of the
population and future populations (Black et al. 2008, 2013; Ahmed et al. 2012).
Unlike the prevalence of undernutrition, which has steadily decreased over the past
two decades, albeit at an exceedingly slow rate, overnutrition is a rapidly growing
epidemic that affects high-, middle-, and low-income countries. Therefore, many
low-and-middle income countries are beginning to experience a double burden of
malnutrition (Black et al. 2008, 2013; Ahmed et al. 2012; UNICEF 2015).

Stunting and other forms of undernutrition can reduce a child’s chance of
survival, increase the risk of infection, and hinder optimal health and growth.
Stunting is also associated with suboptimal brain development, which can have
long-lasting harmful consequences on a child’s cognitive ability, school perfor-
mance, future earning potential, and, consequently, the economic productivity of a
nation (Black and Dewey 2014; IIPS 2017; John et al. 2017). Stunting in children
under the age of 5 is estimated to affect as many as 178 million children worldwide.
A group of 36 countries account for 90% of these cases, which is approximately 160
million children (Black et al. 2008). As of 2011, India alone accounts for 38% of
stunted children under the age of 5 worldwide (UNICEF 2015).

Acute forms of undernutrition, such as moderate or severe wasting, afflict over 52
million children under-5 globally (Black et al. 2013). The prevalence of wasting in
South Asia is also among the highest and is estimated to be 16%, which is one in six
children. In fact, India also has the highest burden of wasting globally with approx-
imately 25 million children wasted (UNICEF 2015).

Undernutrition and micronutrient deficiencies potentially account for 3.1 million
deaths per year (Black et al. 2013). Some common micronutrient deficiencies
present in low- and middle-income countries include: vitamin A, iron, iodine, zinc,
and folic acid. Vitamin A deficiency in preschool-aged children is as high as 1 in 3
globally (UNICEF 2015). Subclinical vitamin A deficiency affects 90 million
children under-5 worldwide, and 5—17 million children have night blindness due
to this deficiency (WHO estimates (1995-2005)) (Black et al. 2013). The prevalence
was found to be highest within Africa and Southeast Asia (Black et al. 2013;
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IIPS 2017). Anemia due to inadequate oral intake of iron can also impede growth
and development in children. Global estimates from 2011 for iron deficiency anemia
due to inadequate iron consumption were as high as 18.1% for children under 5 years
(Black et al. 2013). In India, The National Family Health Survey 2005-2006
indicated that 69.4% of Indian children 6—59 months were anemic and the most
recent NFHS-4 data shows that 58.4% of children are currently anemic (IIPS 2017).
However, the prevalence of iodine deficiency has decreased widely through the
implementation of fortified salt in diets from 2003 to 2011. Although zinc deficiency
is estimated to affect 17% of the population worldwide, only limited data is available
for children in many regions. The prevalence of zinc deficiency is believed to be
highest among children in Asia and Africa (Black et al. 2013).

Fetal growth and nutritional status at birth is an important contributor to child-
hood malnutrition. Globally, the incidence of low birth weight (LBW) in infants was
estimated to be 15%, which means approximately 20 million children are born small
(UNICEF 2015). Currently, the World Health Assembly has set out to decrease the
frequency of LBW to below 30% between 2010 and 2025. India alone makes up a
third of the global burden with recent estimates indicating 28% of children are born
small (UNICEF 2015, 2016). Alongside suboptimal weight at birth, inadequate
weight gain in children can increase the risk of infection and mortality. Worldwide
estimates from 2011 indicate that as many as 101 million children were underweight.
The highest prevalence of underweight children was in South-Central Asia (30%)
(Black et al. 2013). Data collected in the NFHS-4 indicates that 35.7% of children in
India were underweight between 2015 and 2016 (IIPS 2017). Decreasing the
prevalence of underweight children was a part of Millennium Development Goal
(MDG) 1 on reducing poverty. Worldwide, only 30 countries met this indicator.
However, progress could be blurred by the higher prevalence of overweight children
and sustained presence of stunting in children growing up in these regions within the
past two decades (UNICEF 2015). The burden of overweight children under the age
of 5 has grown from 28 to 42 million between 1990 and 2011. This proportion in
2011 was estimated to be 69% in low- and middle-income countries alone. Of these
children, seven million are believed to be from East Asia (UNICEF 2015).

India, the Epicenter of Child Malnutrition
Historical Trends and Present Scenario

Efforts to track maternal and child health in India have focused on gathering data
on the following: fertility, mortality, family planning, maternal and child health, as
well as policy instruments to address countrywide nutrition and health care. Sub-
national data on these public health concerns have been collected using the following
surveys: National Family Health Survey (NFHS), the District Level Household
Survey (DLHS), and the Annual Health Survey (AHS). Specifically, NFHS provides
data on national and subnational trends in child malnutrition within India in addition
to a range of additional information. This ongoing national cross-sectional survey
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allows us to examine the high prevalence of child malnutrition since 1992 and has
had four rounds (1992—-1993 (NFHS-1), 1998-1999 (NFHS-2), 2005-2006 (NFHS-
3), and 2015-2016 (NFHS-4) (IIPS 1995, 2000, 2007, 2017; Pathak and Singh
2011). Data collected by NFHS includes, but is not limited to, information on state
and national level estimates for nutrition, health, and healthcare (Pathak and Singh
2011). NFHS surveys indicate that the overall prevalence of malnutrition in Indian
children under-5 has declined during the first two rounds of the survey, has remained
stagnant during the third round, and has further declined between 2006 and 2016
(NFHS-4) (Singh et al. 2011; TIPS 2017). Three important nutritional indices that
affect children’s susceptibility to disease and survival are exemplified in the graph
below (Fig. 1).

The data from 1992 to 2016 shows that there has been a steady decrease in
stunting (58-38.4%) (IIPS 2000, 2007, 2017). Some factors that may have contrib-
uted to this decline include rapid economic growth, provision of national primary
health care, and implementation of preventative nutrition programs such as Inte-
grated Child Development Services Scheme and the National Rural Health Mission
(Pathak and Singh 2011). Data on wasting for the first two rounds was not available
for NFHS-1 and was only collected on children under the age of 3 years for NFHS-2
(IIPS 2000). However, NFHS-1 indicates that one in six children in India
were wasted at the time of the survey (1992-1993) (IIPS 1995). Moreover, NFHS-
2 indicates that approximately 16% of children under the age of 3 were wasted
(ITPS 2000). In addition, during the last two rounds of NFHS, wasting has increased
(19.8-21.0%) suggesting that wasting has been a persistent problem for children
under-5 within this subcontinent over the past few decades (IIPS 2007, 2017).
Underweight status in Indian children under-5 showed the greatest decline between
NHFS-3 and NFHS-4 (IIPS 2007, 2017). Significant declines also occurred in the

Fig. 1 Prevalence of Trends in Children's Nutritional Status:
undernutrition. Data from Prevalence of Undernutrition
NFHS for percentage of
children under the age of 5
who are malnourished in India
from 1992 to 2016. Key:
NFHS=National Family
Health Survey (please note

that NFHS 1 and 2 had "

focused on children under 3 30

and 4 years of age,

respectively and hence the 20

trends may not be exactly

comparable) 10 I I
0

NFHS-1 NFHS-2 NFHS-3 NFHS-4
1992-3 1998-9 2004-5 2015-6

= Stunting = Wasting Underweight
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first two rounds of the NFHS, which has often been attributed to the rapid economic
growth in the 1990s (Kumar et al. 2015).

Regional differences in child malnutrition are evident from 1992 to 1998 and
from 1998 to 2006. During 1992-1993, 50—-60% of children in central, eastern, and
western regions of India were found to be malnourished (Pathak and Singh 2011).
Small declines in the prevalence of malnutrition were noted from 1992 to 1998
within different regions. In this timeframe, declines in child malnutrition were
observed in most of the southern, northern, eastern, and northeastern states. During
1998-2006, several states within the western, central, eastern, and northern portions
of India made significant progress towards reducing the burden of underweight
children from 50-59% to 40-49%. These findings are significant as national aver-
ages from this timeframe did not depict any of these major shifts in child malnutri-
tion (Pathak and Singh 2011). For example, certain parts of India such as the central
and eastern regions have had minimal reductions in child malnutrition since
1992-2006 (IIPS 2007; Pathak and Singh 2011). Between 2006 and 2016, states
progressed in remarkably different ways in stunting reduction. Analyses of publicly
available summary data from the NFHS-4 (Menon et al. 2017) indicate that most
states in India progressed faster than the national average, which is affected strongly
by larger states with high prevalence, large under-5 populations, and slow progress.
Notable progress in stunting reduction was seen in states such as Chhattisgarh,
Arunachal Pradesh, and Gujarat; the limited progress in populous states like Uttar
Pradesh and Bihar contributes to India’s overall burden (Fig. 2).

An important opportunity offered by the NFHS-4 survey is the ability to examine
the spatial distribution of malnutrition by district and not just by state. The NFHS-4
focus on district representativeness now allows national- and state-level attention to
the districts that contribute the most to the high burden of malnutrition. It is notable,
however, that the districts that face a high stunting burden are not the same as
districts that face high wasting burdens.

Rapid urbanization in India over the past few decades is likely to pose a challenge
to addressing nutritional status in children. Factors such as poor living conditions,
income constraints, and higher costs of food are likely to be significant risks looking
forward. The prevalence of stunting, wasting, and underweight status has mostly
declined from 1992 to 2016 for urban children in India but this is not necessarily
seen in their rural counterparts. Data from NFHS indicates a decline in the preva-
lence of stunting in children in urban areas from 40% to 36% to 31% in the first three
rounds of this survey (Kumar et al. 2015). In NFHS-4, the prevalence of stunting
remained at 31% indicating almost no change in stunting in urban children from
2005 to 2016 (IIPS 2017). By comparison, stunting in rural areas from 2005 to 2006
showed a greater decline (IIPS 2007). The prevalence of underweight children
in urban India declined from 44%, 38%, and 37% to 29.1%, while declines in
rural areas were comparatively lower (Kumar et al. 2015; IIPS 2017). In addition,
current statistics from the NFHS-4 indicate that the percentage of underweight
children is higher in rural areas (38.3%) than urban areas (29.1%) (IIPS 2017).
Wasting had declined from 18% to 13% in the first two rounds of NFHS before
increasing to 17% in the third round and 20% in the fourth (Kumar et al. 2015;
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IIPS 2017). These increases may be attributed to population migration and urban
slums (ITPS 2007, 2017). Similarly, there are trend data on linear growth and stunting
from the baseline and final surveys of National Nutrition Monitoring Bureau from
1975-1979 (N = 6043) to 2012-2013 (N = 11,910) on anthropometry from birth to
18 years from seven states in households of rural India (Mamidi et al. 2016). The
increments in height of 18+ were highest for both boys (7.4 cm) and girls (4.8 cm) in
the state of Kerala followed by Tamil Nadu (boys, 7.3 cm and girls, 3.8 cm). Under-5
stunting rate reduced from 82% in the baseline survey to 45.7% in the final survey at
1.35% per year in the pooled states and was similar in both boys and girls. The
recovery in stunting was highest in Tamil Nadu (1.63% per year) followed by Kerala
(1.46% per year) (Mamidi et al. 2016).

Determinants of Malnutrition in India

The determinants of malnutrition among children range from immediate determi-
nants like poor child feeding and childhood illness to underlying determinants such
as the health, economic and educational status of women, the economic status of
households, and sanitation and food environments (Black et al. 2013). In India,
these determinants play out in different ways across the country. In recent years,
several studies based on the NFHS and other data sets from India have focused on
identifying the major determinants of poor nutrition. Studies have focused on the
role of infant and young child feeding, especially complementary feeding (Menon
et al. 2014), on sanitation (Hammer and Spears 2016), on gender and women’s roles
(Bose 2011; Coffey et al. 2017), and on the role of income and growth (Subramanian
et al. 2016). Over two decades ago, Ramalingaswami and colleagues had identified
the important role that female empowerment had played in determining high rates
of low birth weight in India (Ramalingaswami et al. 1996). These associations of
malnutrition with women’s living conditions and empowerment have been underscored
in a range of studies from various settings in India (Sethuraman et al. 2006; Ghosh-Jerath
et al. 2013; Kshatriya and Acharya 2016), and the impact of various grass root nutrition
education interventions at impacting outcomes has also been shown to affect women’s
empowerment and participation (Kadiyala et al. 2016).

The data from NFHS-4 suggest an uneven spread of these determinants across the
country, as well as uneven change in several determinants over time and by geog-
raphy (Menon et al. 2017). Among the determinants of most concern are comple-
mentary feeding, and issues surrounding the status and health of women (early
marriage, poor women’s nutrition, uneven and inadequate access to antenatal care
during pregnancy), and sanitation. Indeed, there is now an increasing understanding
(also articulated in India’s new nutrition strategy) that action on malnutrition must
address these multiple determinants in a localized fashion — district-by-district and
state-by-state (NITI Aayog 2017).

Poor complementary feeding has been recognized as an important correlate
of undernutrition in India. Patel et al. (2012) reviewed data on 15,028 last-born
children aged 6-23 months from the National Family Health Survey 2005-2006.
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They examined inappropriate complementary feeding indicators against a set of
child, parental, household, health service, and community-level characteristics.
The prevalence of timely introduction of complementary feeding among infants
aged 6—8 months was 55%. Among children aged 623 months, minimum dietary
diversity rate was 15.2%, minimum meal frequency was 41.5%, and minimum
acceptable diet was 9.2%. Children in northern and western geographical regions
of India had higher odds for inappropriate complementary feeding indicators than
in other geographical regions. Richest households were less likely to delay intro-
duction of complementary foods than other households. Other determinants of not
meeting minimum dietary diversity and minimum acceptable diet were: no maternal
education, lower maternal body mass index (BMI) (<18.5 kg/m(2)), lower wealth
index, less frequent (<7) antenatal clinic visits, lack of postnatal visits, and poor
exposure to media (Patel et al. 2012).

Economic status of households is a major determinant of children’s nutritional
status as indicated by differences between wealth quintiles in NFHS surveys over the
last few decades where the rate of malnutrition has been shown to be higher among
the poorest quintiles (Pathak and Singh 2011; Kumar et al. 2015). Although the
national prevalence of child malnutrition has declined from 1992 to 2006, inequality
has grown and children from the poorest wealth quintile do not seem to have fared as
well as their counterparts in wealthier quintiles. Child malnutrition in the poorest
wealth quintile has declined by an average of 6% compared to an average 27%
reduction among the wealthier quintiles — a gap that indicates widening economic
inequality with respect to child malnutrition. In addition, the poor-rich ratio
increased from 1992 to 1998 (1:8 to 2:4) and remained at 2:4 ratio from 1998 to
2006. These wide ratios indicate that there is a significant income gap and infer that
food security inequalities remain in India (Pathak and Singh 2011).

Consequences of Malnutrition

Undernutrition impacts children’s survival, susceptibility to disease, physical and
cognitive development, as well as the country’s economic productivity. Although,
the prevalence of undernutrition has decreased over the past decade, it remains a
persistent problem in India. The impact of undernutrition can be divided into short-
and long-term consequences. In the short-term, children are at increased risk for
mortality, morbidity, and disability. In the long-term, children do not develop to
their full potential. Thus, they may become stunted, have impaired cognition, and
women may have increased risk for poor pregnancy outcomes. Poor cognitive
development can lead to poor school performance, less schooling, and reduced
economic productivity and earning potential. Additionally, these children are at
increased risk of becoming overweight and developing noncommunicable diseases
(NCDs), such as hypertension and cardiovascular disease (UNICEF 2015). Thus, it
is important to address the nutrient needs of children within the first 1,000 days of
life as many of these risk factors can be potentially irreversible (Black et al. 2013;
UNICEF 2015).
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In the context of India, the relationship of early childhood and adolescent nutrition
with long-term outcomes and the risks of NCDs has been underscored in several settings
with gradual equalization between urban and rural populations (Tripathy et al. 2016).
These risks have been specifically underscored among poor adolescents in South India
(Panuganti et al. 2017) and have also been the subject of food policy analysis for
reducing the double burden of malnutrition (Thow et al. 2016).

Mortality

Under-5 mortality in children worldwide was 6.9 million in 2011. One-third of these
deaths were related to undernutrition (Bhutta and Salam 2012). Almost half of these
deaths were found in India, Pakistan, China, Nigeria, and the Democratic Republic
of Congo. Most of these deaths were preventable. In 2015, over 5.9 million children
died before their fifth birthday. The majority of these deaths occurred within Sub-
Saharan Africa and South Asia (Liu et al. 2016). The most current national statistics
from India (NFHS-4) estimates that the rate of mortality for children under the age of
5 to be as high as 50% (IIPS 2017).

The most common causes of mortality among children growing up in India are:
pneumonia, preterm birth complications, diarrhea, intrapartum-related complications,
and malaria. Targeting the main causes of under-5 mortality includes treating disease
states and taking measures to promote healthy pregnancies in expectant mothers.
Addressing the underlying risk factors of mortality such as undernutrition is key to
helping reduce mortality rates in children under-5 in India (Caulfield et al. 2004).

Morbidity

Children who are stunted, underweight, or wasted have impaired immunity and are
at increased risk for infectious diseases including measles, pneumonia, meningitis,
and malaria (Black et al. 2008). Infection, in turn, further aggravates undernutrition —
a cycle that increases the likelihood of mortality for a child (Ramachandran and
Gopalan 2009; Ahmed et al. 2012). Immune system impairment is particularly
problematic when an undernourished child suffers from repeated infections and is
unable to meet their nutrient needs as repeated exposure can have a negative impact
on a child’s ability to meet their growth needs for their age or even regain a normal
growth pattern at a later stage. Persistent exposure to infection can even lead to death
(Ahmed et al. 2012). In addition, many infections such as measles or helminthic
infection increase a body’s demand for proteins and calories (Black et al. 2008;
Ahmed et al. 2012). The increased macronutrient demand only further impairs
growth and development in malnourished children as well as their susceptibility to
other infections.

In particular, malnourished children are at increased risk for developing diarrhea
which can further affect the nutritional status of a child. Persistent diarrhea can
damage the lining of the small intestines and negatively impact absorption and
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utilization of nutrients needed for healthy development and growth in undernour-
ished children. As this process persists, the infected child becomes increasingly
malnourished and increasingly susceptible to other diseases as even deficiencies in
micronutrients such as, iron, vitamin A, zinc, and iodine can have serious conse-
quences. Iron is needed for hemoglobin synthesis, oxygen delivery to tissues, brain
and motor development, and protection against infections like malaria (ITPS 2007,
Ahmed et al. 2012; John et al. 2017). A diet low in vitamin A can increase
susceptibility to infection, cause preventable diseases, such as measles and diarrheal
diseases, and slow one’s ability to heal from illness (IIPS 2007; Ahmed et al. 2012;
Black et al. 2013). Severe deficiency in vitamin A can also lead to permanent eye
damage. lodine deficiency can impair psychomotor development, speech, and hear-
ing. It also decreases the amount of energy available to developing children and can
cause goiter and mental retardation, both of which are preventable (IIPS 2007;
Ahmed et al. 2012; John et al. 2017). Other micronutrient deficiencies such as zinc
can lead to increased risk of diarrhea, pneumonia, malaria, dermatitis, retarded
growth, mental disturbance, delayed sexual maturation, and recurrent infections
(Ahmed et al. 2012). In light of all this, NHFS data indicating 58% of Indian children
are anemic (NHFS-4) and almost 71 million people suffer from iodine deficiency
(NFHS-3) is alarming (IIPS 2007, 2017). Not meeting micronutrient needs during
critical years of development decreases an individual’s immune response and
decreases linear growth (Black et al. 2013). All of which combined, increases
morbidity and mortality (Singh et al. 2011; Bhutta and Salam 2012).

Risks of Noncommunicable Diseases

Alongside the increased risk of infection, undernutrition can lead to inappropriate
weight gain and susceptibility to noncommunicable disease. Undernutrition prevents
children from meeting their weight- and height-for-age. Normally, weight gains
within the first 1000 days of life are associated with the development of adult lean
mass. Weight gains after the first 1000 days are associated with the development of
adult fat mass. Undernourishment early in life prevents children from meeting their
length-for-age and therefore leads to stunted growth. Thus, undernourished children
have less lean body mass and shorter stature (Black et al. 2013). Not meeting nutrient
needs early in life puts children at increased risk of being overweight later in life
(Ahmed et al. 2012; Black et al. 2013). As a consequence to not meeting nutrient
needs and carrying excess fat mass, these children have increased susceptibility to
noncommunicable diseases, such as diabetes, metabolic syndrome, cardiovascular
disease, and obesity (Black et al. 2013; UNICEF 2015).

Obesity in low- and middle-income countries has increased from 4.2% to 6.7%
from the early 1990s to 2010 (Black and Dewey 2014). It is expected to continue to
increase as children in India still are unable to meet their nutrient needs during
critical times of growth and development. In addition, most nutrition interventions
are not focused on preventing obesity but instead focus on undernutrition and
stunting. Many of these programs target availability, accessibility, and acceptability
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of food and nutrients from conception to early childhood. Healthy portion sizes, key
nutrients, and healthier food choices are not directly incorporated into integrated
interventions - all of which could help prevent and proactively treat overweight/
obesity in Indian children (Black and Dewey 2014).

Developmental Outcomes and Economic Productivity

In the first few years of life, children undergo rapid brain development. Development
in children can be broken down into several domains: sensory-motor, cognitive, and
social-emotional. Poor health, nutrition, and disease can lead to poor brain develop-
ment in the short- and long-term (Grantham-McGregor et al. 2007; Black and Dewey
2014; Prado and Dewey 2014).

Children develop crucial neuronal connections and have high nutritional needs,
which are critical to cognitive development. Not only do these changes occur at a fast
rate but continue to build on each other as the child grows. Inability to form these
connections impacts the brain’s structure and functional capacity. As the child
develops, these deficits become more pronounced (Grantham-McGregor et al.
2007; Black and Dewey 2014; Prado and Dewey 2014).

Poor cognitive development also perpetuates the child into a cycle where dimin-
ished learning ability leads to poor school achievement, delayed school entry,
early school termination, and diminished ability to continue education, which
limits employment opportunities and earning potential later in life (Grantham-
McGregor et al. 2007; Black and Dewey 2014). Studies from over 51 countries
indicate that every year of schooling leads to a 9% difference in wages (Grantham-
McGregor et al. 2007). Thus, on a societal level, there is a significant economic cost
associated with malnutrition’s impact on children’s developmental outcomes. Not
meeting the nutrient needs of Indian children handicaps a future generation and
impacts national development.

Implications for Policies and Interventions

India’s malnutrition burden affects the world’s malnutrition burden. More impor-
tantly, it affects millions of children, who are India’s future. In recent years, there has
been an increasing understanding of the scale and scope of India’s malnutrition
burden, and this is reflected in India’s new nutrition strategy (NITI Aayog 2017).
India’s policy environment for nutrition has been robust for many years, however,
with large-scale delivery platforms that include most evidence-based nutrition-spe-
cific interventions (Avula et al. 2017) and several social welfare programs that
address the underlying determinants of malnutrition — including those related to
food security, poverty, gender issues, and sanitation. Nevertheless, given the diver-
sity in context and capacity across India, implementation and quality of programs are
India’s most pressing challenges. Despite improvements in the coverage of both
delivery platforms and interventions in the last decade, many gaps persist, especially
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Fig. 3 Comparison of nutrition-specific intervention coverage in India. Data presented as
median coverage with each dot representing a state (Menon et al. 2017)

in relation to health and nutrition services for children (Fig. 3), and there are wide
differences between states.

What is encouraging is that some poor states (like Odisha and Chhatisgarh) have
been exemplars for scaling up health and nutrition services in recent years (Kohli et
al. 2017 for Odisha) and thus set the tone for what is possible within India’s existing
policy instruments. However, much more is needed to address further issues of
quality of services and commodities within the health system and the ICDS.

Looking forward, addressing India’ nutrition challenges in the future will require
a close look at the health and nutritional status of adolescents — both boys and girls.
Although these groups are recognized as being vulnerable, as well as offering a
window of opportunity to intervene, there is limited data on the health and nutritional
status of adolescents, and of the reach of interventions to these groups. Investments
will be needed, therefore, to close some of these gaps and to explore the potential of
programs like the Midday Meal Scheme to deliver more nutrition interventions to
school-based children. In addition, given India’s growing challenges of overweight
and obesity, engaging and working with school-age children to strengthen healthy
diets and physical activity will be essential to secure the health of future generations.

Conclusions

Undernutrition has a significant effect on a child’s survival and development.
Undernutrition in all of its forms is associated with almost 45% of the current burden
of under-5 child deaths (Black et al. 2013). In countries like India, the prevalence of
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stunting, wasting, and micronutrient deficiencies is very high. Progress has been
made in addressing malnutrition concerns such as stunting; however, many children
continue to not meet their nutrient needs for growth and development. Not only is
undernutrition substantially high in India, it differs in populations affected through-
out the subcontinent. For example, the prevalence of stunting varies according to
region, is higher among rural areas compared to urban areas, and disproportionately
affects the poorest population quintiles. Risk factors associated with undernutrition
can lead to significant consequences for children. Risks include mortality, morbidity,
poor growth and development, and economic inequality. This impact is evident in a
child’s physical development, mental development, educational attainment, and
economic productivity later in life. These consequences have a significant impact
on affected individuals and families — impacts that persist within families from one
generation to the next and leave large numbers of our next generation unable to meet
the nation’s developmental and workforce needs. Meeting nutrient needs of children
within the first 2 years of life is crucial. Meeting nutrient needs not only benefits a
person’s health and development but has a positive impact on a person’s cognitive
abilities and economic opportunities later in life. Investing in child nutrition is vital
to the health of India and its future generations (Grantham-McGregor et al. 2007).

Summary Points

* There is a particularly high burden of child malnutrition in India.

* 28% of newborns in India are low birth weight.

* 21% of children under-5 have moderate or severe wasting.

* 38% of children under-5 have stunting.

* Micronutrient deficiencies, particularly vitamin A, iron, iodine, zinc, and folic
acid, are common and contribute to child malnutrition.

* Malnutrition in children varies according to region and is impacted by rapid
urbanization and economic status within households.

» Undernutrition increases the risk of infectious diseases.

* Undemutrition impacts growth and development in children.

* Malnutrition affects the economic productivity of individuals and the growing
population in India.

» Despite several programs, rate of progress is relatively slow with much national
disparities.
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Abstract

Poor nutrition during critical periods of early human development has lasting
negative consequences for growth, development, and health. This chapter sum-
marizes the evidence from studies investigating the effects of prenatal exposure to
the Dutch famine on later mental and physical health. The Dutch famine was
remarkable in several ways, and its unique features have contributed to the fact
that it has most often been used in studies examining the long-term consequences
of prenatal undernutrition. The Dutch famine was an acute period of undernutri-
tion that was clearly circumscribed in time and place; it had an abrupt beginning
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and end and struck a population that was previously and subsequently well
nourished. Also, the administration was well organized and records were kept
allowing researchers to investigate the consequences of starvation in the decades
that followed. All these characteristics make the Dutch famine uniquely suited for
such studies, and allow researchers to take a quasi-experimental design to address
a question that would otherwise be impossible to answer in a human setting.
The effects of famine depended on its timing during gestation and the organs and
tissues undergoing critical periods of development at that time. Early gestation
appeared to be the most vulnerable period which may not be surprising considering
the fact that all organs are laid down within 12 weeks after fertilization. The effects
of famine were widespread and affected structure and function of organs and tissues,
resulted in altered behavior and increased disease risks, which in turn led to reduced
participation in the labor market and increased mortality. The effects of famine were
apparent in the absence of any effects on size at birth. Some effects of prenatal
undernutrition were more pronounced or even limited to one sex, but generally the
effects applied to both men and women. There is preliminary evidence to suggest
that the effects of famine may not to be limited to those affected prenatally, but were
passed on to the next generation, both through the maternal and paternal line.
Studies in other settings show similar effects and suggest that the findings are
not uniquely linked to the characteristics and setting of the Dutch famine, but
reflect biologically fundamental processes that describe human plasticity. We
expect that adequately feeding women before and during pregnancy will allow
future generations to reach their full potential and lead healthier and more
productive lives, ultimately leading to healthier and more equal future.
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Introduction: Hunger in an Age of Plenty

Good nutrition is fundamentally important for maintenance, growth, development,
reproduction, and health. Poor diets, due to insufficient, imbalanced, or excessive
intakes of nutrients, can impair growth and development and induce disease.



8 The Effects of Prenatal Exposure to the Dutch Famine 1944-1945 on. .. 113

Today the world faces a double burden of malnutrition that includes both
undernutrition and overnutrition. Never before in history have there been so
many people with hunger worldwide. It is estimated that nearly one billion
people worldwide go hungry each day. While at the same time more than one
billion people are overweight or obese. Malnutrition — in any form — poses threats
to health. Counterintuitive as it may seem, both undernutrition and overnutrition
are reducing the health of millions of individuals around the globe. Hunger and
inadequate nutrition contribute to early deaths for mothers, infants, and young
children and account for more losses of life than AIDS, malaria, and tuberculosis
combined (WHO nutrition facts). Deficiencies in the diets of children can impair
growth and development and lead to stunting and wasting in childhood, while
deficiencies in adulthood can lead to blindness, scurvy, or anemia. Such cases are
most often seen in developing countries, while in developed countries the
consequences of imbalanced or excessive diets lead to obesity, diabetes, and
cardiovascular diseases.

The evidence presented in this chapter indicates that the consequences of
undernutrition may not be limited to the individuals suffering from undernutri-
tion, but that the offspring, especially if they have been exposed to undernutrition
while in their mothers” womb may be negatively affected as well. These conse-
quences are apparent throughout the lifecourse and might even extend into the
following generation. Similarly, imbalances in prenatal nutrition caused by
maternal obesity and gestational diabetes are known to negatively affect off-
spring’s health.

The Long-Term Consequences of Poor Diets in Early Life

Studies across the world have consistently shown that babies who were small at
birth have increased rates of chronic degenerative diseases. These associations
cannot be explained by prematurity, but rather reflect variations in early growth to
be associated with later disease risk. This led to the hypothesis that a limited
supply of nutrients to the developing fetus leads to adaptations that increase its
chances of survival in the short term but increase its risk of disease in later life.
This is thought to reflect developmental programming: early environmental cues
induce anatomical, physiological, and biochemical changes that have lasting
consequences for the structure and function of organs and tissues and permanently
affect the physiology. Although the adaptations may be beneficial for short-term
survival, the adaptations may come at a cost in later life, especially if the
environment into which the individual is born is very different from the environ-
ment in which the individual developed. The greater the degree of mismatch
between the prenatal environment and the environment in adult life, the greater
the disease risk associated with it. This hypothesis is known as the Developmental
Origins of Health and Disease hypothesis (DOHaD).
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The Dutch Famine as a Model to Test the DOHaD Hypothesis

The DOHAD hypothesis suggests that undernutrition in utero permanently changes
the body’s structure, function, and metabolism in ways that lead to chronic degen-
erative disease in later life. The hypothesis was formulated based on epidemiological
studies, which have subsequently been confirmed in populations across the world.
These observational studies in humans consistently showed that small size at birth
was linked to greater disease risk in later life. Small size at birth was taken as an
indication of reduced fetal growth due to limited supply of nutrients to the fetus.
Animal studies have experimentally shown that restriction of fetal nutrition indeed
induces adaptations that lead to altered structure and function of organs, increased
rates of disease, and shortened lifespan. But the experimental evidence for the
DOHAD hypothesis in humans is impossible to obtain.

While famine is sadly not uncommon in many parts of the world, studying effects
of undernutrition during pregnancy is hampered by the fact that undernutrition is
usually not restricted to pregnancy alone, and effects of chronic undernutrition and
accompanying problems of infection complicate the situation. The tragic circum-
stances of the Dutch famine of 1944—1945 created a unique opportunity to assess the
effects of prenatal famine exposure on health in later life. The Dutch famine has been
used by various investigators as an equivalent to an experimental setup to investigate
the effects of prenatal undernutrition in humans. What is unusual about the Dutch
famine is that the famine was imposed on a previously well-nourished population;
there was a sudden onset and relief from the famine; and, despite the adversities of the
war, midwives and doctors continued to offer professional obstetric care and kept
detailed records of the course of pregnancy, the delivery, and the size and health of the
baby at birth. Furthermore, detailed information is available on the weekly rations
provided during the famine, and in several inflicted cities birth records were kept
which allowed researchers to trace those born around the time of the famine and thus
to study the long-term effects of prenatal famine exposure (Figs. 1 and 2).

The Historical Course of Events That Led to the Dutch Famine
1944-1945

After the invasion of the Allied forces on the 6th of June 1944, a few weeks of heavy
fights followed. Then, the Allied forces finally broke through German lines. Quickly,
the Allied troops took possession of France, Luxembourg, and Belgium. By the 4th
of September 1944 the Allies had the strategic city of Antwerp in their hands, and on
the 14th they entered the Netherlands. The Dutch expected that the German occu-
pation would soon be over, and so did the commanders of the Allied forces. Hoping
to capture strategic bridges across the river Rhine to open a pathway for rapid
invasion into Germany, the Allied forces launched a parachute attack behind the
Nazi forces near the city of Arnhem. However, the operation failed with major
losses. Operation Market Garden had failed. Subsequently, the Dutch government
called for a strike of the Dutch railways in order to support the Allied offensive. As a
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Fig. 1 Famine pamphlet
1944 (“Famine in Holland”)

Fig. 2 Ration provided to
adults in Amsterdam, the
Netherlands April 1944,
consisting of 2 slices of bread,
2 potatoes, and half a sugar
beet

reprisal, the Germans banned all food transports. The food situation in the western
part of the Netherlands worsened dramatically. Food stocks ran out rapidly, and soon
rations for adults dropped to below 1000 calories a day. The embargo on food
transports was lifted in early November 1944, when food transport across water
was permitted again. But because most canals and waterways were frozen due to the
early and extremely severe winter, it had become impossible to bring in food from
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Fig. 3 Baby born in
Wilhelmina Gasthuis during
the Dutch famine 1944-1945
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Fig. 4 Official rations for adults in Amsterdam over time

the rural east to the urban west of the Netherlands. Food rations declined to
extremely low levels between February and May 1945, with daily rations varying
between 400 and 800 calories a day. During the famine, infants were relatively
protected, because their official daily rations never fell below 1000 calories. Preg-
nant and lactating women were entitled to an extra amount of food, but at the peak of
the famine these extra supplies could not be provided anymore. Also, extra food
came from the black market, central kitchens, church organizations, and foraging
trips to the countryside. The period of famine ceased in early May 1945 immediately
after the final surrender of the Germans. The food situation quickly improved and
within a month rations were above 2000 calories (Figs. 3 and 4).

In addition to the immediate provision of food after the war, medical aid was a top
priority for the Netherlands. The famine had a profound effect on the general health of
the population. In Amsterdam, the mortality rate in 1945 had more than doubled
compared to 1939, and it is very likely that most of this increase in mortality was
attributable to undernutrition. Doctors from the UK and USA were sent to survey
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Fig. 5 The effects of prenatal exposure to famine depend on its timing during gestation and the
organs and tissues developing at that time

medical needs. Clement Smith from Harvard Medical School was among the first to
witness the effects of the famine on the health of the Dutch population. He immediately
saw the opportunity to obtain information that would help resolve important questions
on how poor maternal nutrition affects pregnancy and the development of the fetus
before birth. Using obstetric records from Rotterdam and The Hague, he studied effects
of prenatal exposure to famine on pregnancy and the fetus which he described in his
paper “The effect of famine on pregnancy and its product” (Smith et al. 1947). This
paper describes that babies born during the famine were lighter at birth.

Since the Dutch famine lasted 5—6 months (from late November 1944 until early
May 1945), investigators have been able to not only assess effects of prenatal
undernutrition per se but also to differentiate between effects of undernutrition
according to its timing during gestation and the organs and tissues developing at
that time. Although the exact definitions differ between studies, all studies assessing
effects of prenatal famine exposure have differentiated between effects of famine in
early, mid, or late gestation (Fig. 5).

In general, the Dutch famine studies have provided support for the fetal origins
hypothesis. Studies in different cohorts and with different setups have shown differ-
ences in outcomes between those who had been exposed to the Dutch famine during
gestation and those who had not been exposed to famine. The effects of famine depend
on its timing during gestation and the organs and tissues developing at that time.
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Consequences of Prenatal Famine Exposure

In general, the Dutch famine studies have provided support for the fetal origins
hypothesis. Studies in different cohorts and with different setups have shown that
those who had been exposed to the Dutch famine during any stage of gestation were
found to have raised glucose levels as adults. One study found increased blood
pressures and rates of hypertension among those who had been exposed to famine
during any stage of gestation (Stein et al. 2006), while another study could not confirm
effects of famine on blood pressure (Roseboom et al. 1999). Glucose problems and
diabetes are more common among individuals in their 1950s who were exposed, for
any gestational stage of exposure.

Early Gestation

Studies on the long-term consequences of prenatal exposure to famine on later health
started with the landmark studies of Stein and Susser performed in the early 1970s
following the increasing awareness in the late 1960s that early nutritional depriva-
tion might cause irreversible damage to the brain (Stein and Susser). This study
among military conscripts did not demonstrate any effect of undernutrition during
gestation on the adult mental performance. Those exposed in early gestation had a
twofold increase in risk of schizophrenia (Neugebauer et al. 1999) and antisocial
personality disorder (Hoek et al. 1996), as well as increased rates of addiction in later
life (Franzek et al. 2008). Prenatal famine exposure has also been associated with
affective psychoses and depression, though not all studies replicated this finding
(Stein et al. 2007; de Rooij et al. 2008). Some studies have found indications of
effects of exposure to famine in early gestation on cognition (De Rooij et al. 2010)
though other studies did not detect such effects (Stein and Susser; Stein et al.).
Imaging studies of the brains have shown lasting effects of famine exposure on
brain size and structure (De Rooij et al. 2016; Hulshoff Pol et al. 2000). Men who
had been exposed to famine in early gestation had smaller intracortical volumes and
total brain volumes than unexposed men. They also had smaller volumes of total
cortical gray matter, white matter, cerebellar gray matter, thalamus, caudate nuclear,
and accumbens area and a large number of more specific cortical white and gray
matter areas. The overall reduction in brain size after prenatal famine exposure was
~5%. A decreased intracortocal volume was also reported in a smaller study of
schizophrenic patients (Hulshoff Poll et al. 2000), which suggests that prenatal
undernutrition has lasting effects on brain size and structure.

Stein and Sussers landmark study found that 19-year-old conscripts exposed to
famine in early gestation were more likely to be obese (Ravelli et al. 1976). These
effects on obesity were also found in two other studies which examined effects on
anthropometry in adulthood (Ravelli et al. 1999; Stein et al. 2007) with the effects
being more pronounced among women than men. Women who had been exposed to
famine in early gestation had higher BMI and appeared to be more centrally obese
than those who had not been exposed to famine prenatally. These differences in
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adiposity could at least in part be mediated by differences in food preferences and
food intake as there are indications that those exposed to famine in early gestation
had higher energy intakes, higher protein intakes, and higher intakes of fat (Lussana
et al. 2008; Stein et al. 2009). They also had more atherogenic lipid profiles, with
higher LDL and lower HDL cholesterol levels (Roseboom et al. 2000c; Lumey et al.
2009), again the effects being more pronounced in women than in men. There were
indications that those exposed to famine in early gestation more often had disturbed
blood coagulation (Roseboom et al. 2000b) and were more responsive to stress
(Painter et al. 2008). Exposure to famine in early gestation was furthermore associ-
ated with increased rates of cardiovascular disease (Roseboom et al. 2000), which
occurred at an earlier age (Painter et al. 2006) and led to increased mortality
(Ekamper et al. 2014; van Abeelen et al. 2012).

Although based on small numbers, there is evidence to suggest that women
exposed to famine in early gestation have increased rates of breast cancer (Painter
et al.). Analyses of mortality data suggest that those exposed to famine in early
gestation have increased mortality, which is mainly found in women and mostly due
to cardiovascular causes and cancer. The famine affected mortality in the short term
and also increased childhood mortality. Subsequent studies initially did not detect
any effects of famine exposure on mortality before the age of 50 and 58 years
(Roseboom et al. 2000; Painter et al. 2006). More recently, studies with longer
follow-up have shown that exposure to the Dutch famine in early gestation is
associated with increased mortality (Van Abeelen et al. 2012; Ekamper et al.
2014). Uniquely, Ekamper used a large national birth cohort to assess effects on
mortality up to age 63 years and found a 12% increase in mortality among those who
had been exposed to famine in early gestation.

The effects of famine exposure in early gestation are not limited to health but
appear to have economic consequences too. The most striking finding was that the
probability of being employed was significantly lower among those who had been
exposed to famine in early gestation (Scholte et al. 2015). This result fits with
findings of poorer performance on cognitive tasks in men who had been exposed
to famine in early gestation. It seems that the effects of famine on employment are at
least partly explained by effects on cognition. Mental disorders such as schizophre-
nia and antisocial personality disorders which were more common after exposure to
famine in early gestation may contribute to this, as well as the physical health. It
could be argued that the effects of famine exposure on health reduced individual
productivity and hence employability.

Mid Gestation

Exposure to famine in mid-gestation was linked to an increase in occurrence of
microalbuminurea in adulthood and a decrease in creatinine clearance (Painter et al.
2005). It may be that mid-gestational exposure to famine — the period of rapid
increase in nephron number — may prevent formation of sufficient glomeruli and
thus increase the risk for microalbuminurea and deteriorated renal function in
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adulthood. This supports the concept that intrauterine conditions during distinct,
organ-specific periods of sensitivity may permanently determine health outcome in
later life. Another example of this phenomenon is the finding in the same study that
people who had been exposed to famine in mid-gestation had an increased preva-
lence of obstructive airways disease (Lopuhaa et al. 2000). These observations were
not paralleled by reduced lung function or increased serum concentrations of IgE.
This suggests that the increased prevalence of symptoms and disease may be
attributable to increased bronchial reactivity rather than to irreversible airflow
obstruction or atopic disease. Because the bronchial tree grows most rapidly in
mid-gestation, our findings support the hypothesis that fetal undernutrition perma-
nently affects the structure and physiology of the airways during “critical periods” of
development that coincide with periods of rapid growth.

Late Gestation

One study found an association between prenatal exposure to famine and later
hypertension,*>

which may be due to an insulin secretion defect.'®

These findings provide further evidence that the timing of exposure in relation to the
stage of pregnancy may be of critical importance for determining health outcomes.

Epigenetics

The Dutch famine families study provided the first direct evidence for epigenetic
programming through prenatal famine exposure. Men and women who had been
exposed to the famine periconceptionally had less methylation of the IGF2 gene
compared with their unexposed same-sex siblings (Heijmans et al. 2008). Further
studies from the same group provided additional evidence that the early gestation
period is a critical time window during which the prenatal environment may affect
the human methylome, with direct evidence for effects in blood, which may suggest
that other tissues are effected as well (Tobi et al. 2009). The functional implications
of these findings need further exploration. The studies do suggest that the effects of
famine exposure on methylation are specific — i.e., are present in some genes but
absent in others. The mechanisms underlying DNA methylation differences from
prenatal exposure await elucidation but the observed timing-specific associations in
blood may hint at an intrinsic sensitivity of newly developing tissues.

Conclusions

Findings from the Dutch famine studies — despite slight differences in individual
findings between the different studies — in general suggest that maternal nutrition
before and during pregnancy play an important role in later disease susceptibility.
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They have shown that maternal undernutrition during gestation has lasting negative
consequences for the offspring’s health. Many chronic diseases that plague our
society may originate in the womb. The effects seem to be large and depend on
the timing during gestation and the organs and tissues developing at that time. Also,
the effects are independent of the size of the baby at birth. Most notably, those
exposed to famine in early gestation did not have lower birth weights than those who
were not exposed to famine prenatally, but did have worst health outcomes as adults.
This may imply that adaptations that enable the fetus to continue to grow may
nevertheless have adverse consequences for health in later life. Chronic degenerative
disease may be viewed as the price paid for adaptations made to an adverse
intrauterine environment.

These findings confirm experimental evidence from studies in animals showing
that undernutrition during gestation permanently affects the structure and function of
organs, thereby affecting behavior as well as disease risk, and ultimately shortening
lifespan (Ozanne et al. 2004). Moreover, the findings from the studies of the long-
term consequences of the Dutch famine have now been replicated in other settings in
which the effects of famine have been examined. Studies in other settings of famines
with different durations and severity affecting different populations support these
findings and suggest that the results of studies on the Dutch famine are not uniquely
linked to the characteristics and setting of the Dutch famine, but rather reflect
biologically fundamental processes that describe human plasticity . A study in
Nigeria showed that prenatal undernutrition also affects later health in African
populations (Hult et al. 2010). People who had been exposed to the Biafran famine
during the Nigerian civil war (1967-1970) in utero were found that have increased
rates of hypertension and type 2 diabetes at the age of 40 compared to those who had
not been exposed to the Biafran famine in utero. Similarly, studies of people exposed
to the Great Leap Forward famine in China have shown similar effects of prenatal
famine exposure in later life risk of diabetes, hypertension, and schizophrenia.
Undernutrition in early life contributes significantly to the increasing prevalence of
hypertension and glucose intolerance. Therefore, prevention of fetal and infant
undernutrition should be given high priority in national health, education, and
economic agendas to limit the increase of noncommunicable diseases in many
developing countries.

Policies and Protocols

The knowledge presented here has been taken up into policy actions.

Evidence for the importance of early nutrition for later health has come from
many cohort studies across the globe. Pooled analyses of several cohorts from low
and middle income countries have shown that not only are babies who were larger at
birth more likely to be healthy, they are also more likely to complete secondary
school (Adair et al. 2013). These findings have clear implications for public health
policy and nutrition interventions. A focus on improvement in nutrition in pregnancy
and the first 2 years after birth could lead to substantial reductions in stunting and
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improved survival (Bhutta et al. 2008). These improvements form the basis for the
emphasis on the first 1000 days of life. The 1000 days between a woman’s preg-
nancy and her child’s second birthday offer a unique window of opportunity to shape
healthier and more prosperous future. The right nutrition and care during this
1000 day window can have a profound impact on a child’s ability to grow, learn,
and rise out of poverty. It can also shape a society’s long-term health, stability, and
prosperity. The 1000 Days Initiative was born in 2010 in response to ground-
breaking scientific evidence that identified a powerful window of opportunity from
a woman’s pregnancy to a child’s 2nd birthday when nutrition had a long-term
impact on the future health and development of both children and societies. With the
backing of the US Government, the Government of Ireland, the Bill & Melinda
Gates Foundation, and several nonprofit organizations, 1000 Days began its work as
a partnership to drive greater action and investment to improve nutrition for women
and young children throughout the world.

Investing in the early years is one of the smartest investments a country can make
to break the cycle of poverty, address inequality, and boost productivity later in life.
Today, millions of young children are not reaching their full potential because of
inadequate nutrition, lack of early stimulation and learning, and exposure to stress.
Investments in the physical, mental, and emotional development of children — from
before birth until they enter primary school — are critical for the future productivity of
individuals and for the economic competitiveness of nations.

Hunger is caused by poverty and inequality, not scarcity. For the past two
decades, the rate of global food production has increased faster than the rate of
global population growth. The world already produces more than enough food to
feed everyone on the planet. We should prioritize a more equal distribution of food
across the world so that both the consequences of poor diets due to undernutrition
and overnutrition will be prevented. Priority should be given to women of repro-
ductive age. Based on the findings of the Dutch famine studies, we expect that
adequately feeding women before and during pregnancy will allow future genera-
tions to reach their potential and lead healthier and more productive lives, ultimately
leading to healthier and more equal future. Breaking the vicious cycle of poverty and
undernutrition will most likely succeed if we provide women with sufficient food to
provide their children a good start in life.

Malnutrition kills millions of children every year and robs millions more of the
opportunity to reach their full potential. This global crisis requires global action in order
to give every child a fair start to life. In 2012, world leaders committed to reaching six
global nutrition targets by 2025. Yet, reaching these targets in the next decade will
require increased investment. World leaders must act now to fulfill their promises and
save millions of lives. Attempts to divide the available food around the world in a more
equal manner seem a very important issue to address. Giving women of reproductive age
priority in allocating food in times of food shortage seems important to try and break the
vicious cycle of undernutrition and poverty. In recognition of this, WHO and UN
policies have prioritized nutrition during the first 1000 days of life, from conception to
the 2nd birthday as one of the most important investments we can make in human
development and in the health of future generations.
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Dictionary of Terms

* Prenatal undernutrition — undernutrition before birth

* Plasticity — the ability of living organisms to adapt to the environment

* Programming — nutrition and other environmental factors acting in early life
permanently affect the way in which the organism grows and develops with
lasting consequences for later health.

» Epigenetics — refers to changes in/regulation of the expression of genes without
alterations to the DNA sequence. These changes in expression of genes have
consequences for phenotype and explain why one genotype can result in various
phenotypes.

Summary Points

* Poor nutrition during critical periods of early human development has lasting
negative consequences for growth, development, and health.

» The effects of prenatal famine exposure depend on its timing during gestation and
the organs and tissues undergoing critical periods of development at that time.

» Early gestation seems to be the most vulnerable period.

» The effects of prenatal undernutrition are widespread and affect structure and
function of organs and tissues, result in altered behavior and increased disease
risks, which in turn increases mortality.

» The effects of famine exposure are apparent in the absence of any effects on size
at birth.

» Some effects of prenatal undernutrition are more pronounced or even limited to
one sex, but generally the effects apply to men and women.

» The effects of famine pass on to the next generation, both through the maternal
and paternal line. This is likely to involve epigenetic regulation mechanisms.
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Abstract

Evidence has shown that growth patterns in early life are associated with the
diseases risk in adulthood. This reflects the concept of programming in which
environmental factors generate long-lasting variability in phenotype for individ-
ual to adapt to an adverse environment. Low birth weight (BW) and poor growth
rate are associated with obesity, diabetes, and cardiovascular disease in later life.
Animal and epidemiological studies have linked BW and growth rate with the
changes in body composition. Prenatal and early postnatal undernutrition can
affect fat distribution, reduced bone mineral content, and muscle mass in later life
in animals. Individuals who were exposed to the Dutch Famine, the Great Leap
Famine in China, World War II, or Nazi occupation have a higher body weight,
poor grip strength, and physical performance, and/or poor bone density and
higher risk of osteoporosis. Epidemiological studies also show that infants with
lower BW or poor growth rate were associated with changes in body composition.
Recent animal studies, however, demonstrate that this developmental program-
ming is potentially reversible. Nevertheless with the current evidence, appropriate
dietary advice can be given to promote optimal fetal and infant growth and lower
diseases risk in the offspring in later life.

Keywords

Adaptive change - Aging - Body composition - Famine - Fetal origins
hypothesis - Growth pattern in early life - Malnutrition - Osteoporosis - Postnatal
nutrition - Prenatal nutrition - Sarcopenia - Suboptimal growth - Undernutrition

List of Abbreviations

BMC Bone mineral content
BMD Bone mineral density
BMI Body mass index
BW Birth weight

SD Standard deviation
SES Socioeconomic status

TBBMC Total body bone mineral content

Introduction

Poor accessibility of food and insufficient caloric intake could result in starvation.
About 800 million people in the world were suffering from chronic undernour-
ishment in 2014-2016 (Kueper et al. 2015). Famine can be declared when
mortality, malnutrition, and hunger are not met. It is defined as at least 20% of
households in a particular area facing extreme food shortages with a limited
ability to cope, acute malnutrition rates exceeding 30%, and the death rate exceeds
two persons per day per 10,000 persons (UN 2017). Children are the most
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vulnerable victims in famine. Globally 161 million under 5 years old were
estimated to be stunted in 2013 (World Hunger 2017).

Famine is known to affect the nutritional status at gestation and postnatal period.
Fetal origins hypothesis proposes that the exposure to poor nutritional conditions in
utero and/or during postnatal life leads to alterations in the development of vital
organs, tissues, and body systems. These alternations are advantageous for survival
in short term but may permanently predispose the fetus to structural, physiological,
and metabolic adaptations, and lead to an increased risk of chronic degenerative
diseases in later life (Barker et al. 2002). Various studies suggested the association
between impaired intrauterine and early postnatal growth and increased risk of
development of obesity, diabetes, and cardiovascular disease at adult life (Barker
et al. 2002). There is also evidence showing that early life nutrition can affect the
process of aging, frailty, and ultimately life span (Bleker et al. 2016).

Several animal studies and case series studies have examined the effect of famine
during prenatal and postnatal period on adult health. Epidemiological studies on the
impact of low BW and adult health have also been reported. This article aims to
summarize the impact of famine in childhood on adult health with a focus on the
changes in body composition including fat, muscle, and bone mass.

Evidence from Animal Model Regarding the Effect of Famine In
Utero and during Early Life on Body Composition

Animal studies have examined the effect of prenatal and early postnatal undernutri-
tion on body composition in later life. The results are summarized in Table 1. These
studies provide insights that early life environment is critical for optimal health and
ameliorates chronic diseases in adulthood.

Fat Mass

Development of adipocyte is highly influenced by the nutritional environment at
prenatal and early postnatal life (Eleftheriades et al. 2016). The fat cell size in later life
was increased in female and male rats who were born from mothers that were
undernourished for the first 2 weeks of gestation. Female rats did not become
obese, while male rats became hyperphagic and obese in adults (Jones and Friedman
1982). Such gender-specific changes have also demonstrated in Engelbregt et al.
(2004). Intrauterine growth retardation was induced by ligation of the uterine arteries
from day 17 of gestation to mimic prenatal malnutrition. Rats were postnatally
starved by litter enlargement to 20 pups per mother from day two after birth until
weaning. The total fat mass in female rats at 6 months old in either prenatal or
postnatal starvation groups did not differ from the control group. However, signifi-
cant result was found in male postnatal starvation rats when compared with the
control. Starved male rats had a lower total fat mass and body fat percentage while
a higher lean mass percentage.
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Table 1 Summary of animal studies on early life undernutrition and its effect on body composition
in later life

Outcome Exposure to Effect of early life undernutrition on body composition in later
studied undernutrition life
Fat mass Prenatal - male offspring became hyperphagic and obese; increased fat

cells in both female and male offspring as adults (Jones and
Friedman 1982)

- rat offspring born heavier at birth showed greater value of
abdominal and total fat than offspring born with a lighter birth
weight at 26 days old (Eleftheriades et al. 2016)

Postnatal - Total fat mass for male rats was significantly lower compared
to the control group at 6 months old (Engelbregt et al. 2004)

Prenatal and - no difference was observed in abdominal and total fat in
postnatal offspring that were born with a heavier birth weight compared
to the control group at 26 days old (Eleftheriades et al. 2016)
Bone Prenatal - lower TBBMC compared to rats fed with a normal pre or
health postnatal diet at day 26 of life (Eleftheriades et al. 2016)

- TBBMC was significantly lower in both male and female rats
compared to controls at the age of 6 months; reduced in
trabecular bone and cortical content in both male and female
offspring at 6 months old. Trabecular bone density was found
to be lower in female rats only (Engelbregt et al. 2004)

- maternal protein restriction resulted in reduced bone area and
BMC in the offspring later in life (Mehta et al. 2002)

Postnatal - lower TBBMC in male rats compared to the control but no
such difference in female rats at the age of 6 months
(Engelbregt et al. 2004)

Muscle Prenatal - reduced muscle fiber numbers at term guinea pig fetus
mass (Dwyer et al. 1995) and in near-term ewes fetus (Demirtas and
Ozcan 2012)

Postnatal - percentage of lean mass in male rats at the age of 6 months
was significantly higher compared to control (Engelbregt et
al. 2004)

Another study found that prenatal food restriction had a significant impact on
abdominal adiposity later in life (Eleftheriades et al. 2016). Pregnant rats were
randomized to control diet or 50% of normal diet throughout gestation. The prena-
tally starved offspring were further divided into two groups based on BW, either with
a heavier BW (a mean BW at or above two SD of the control group that received
standard prenatal diet) or a lower BW (less than two SD of the control) and lactated
by either mother with standard prenatal diet or restricted diet. Heavier offspring in
the prenatal starved groups fed with a standard postnatal diet resulted in a greater
value of abdominal and total fat than those with a lower BW and those in control
group at 26 days old. However, this difference was not observed when the prenatally
starved rats were continuously postnatally starved. These observations indicated that
BW can be a factor contributing to the increased adipose tissue in rats that had
suffered in utero undernutrition.
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Bone Health

Several animal studies have demonstrated that prenatal and postnatal undernutrition
affect fetal bone development and body mineral content (BMC) in adulthood.
Eleftheriades et al. (2016) found that rats fed with standard prenatal and postnatal
diet had a significant higher total BMC when compared to prenatal growth restricted
rats at day 26 of life. In another study, adult rats exposed to either prenatal
or postnatal malnutrition resulted in persistent growth retardation in terms of body
weight and total body bone mineral content (TBBMC) at age of 6 months
(Engelbregt et al. 2004). TBBMC was significantly lower in both male and female
rats that had experienced prenatal malnutrition compared to control (p < 0.01 and
p < 0.05). When these rats experienced postnatal food restriction, TBBMC was
found significantly lower in male rats (p < 0.01) whereas no such difference was
observed in female rats (Engelbregt et al. 2004).

Romano et al. (2010) used bilateral uterine vessel ligation in pregnant rats to
induce uteroplacental insufficiency and found that both male and female rats were
born 14% lighter compared to the control group (p < 0.05) and remained smaller at
6 months of age (p < 0.05). Trabecular bone and cortical content was reduced when
compared to the control in both male and female rats. Trabecular bone density was
found to be lower in growth restricted female rats (p < 0.05). When the rats were fed
with a constant high calcium diet since adolescence, there was an increased in
cortical bone mineral density (BMD) in both sexes (p < 0.05). However, it was
not sufficient enough to recover bone content and strength even with calcium
supplementation when compared with rats that did not suffer from in utero under-
nutrition. Adequate protein intake may also contribute to bone health development.
Mehta et al. (2002) demonstrated that maternal protein restriction resulted in reduced
bone area and BMC in offspring later in life.

Muscle Mass and Strength

Prenatal undernutrition is associated with reduced neonatal muscle weight in sheep
and a reduction of postnatal muscle fiber in pig (Dwyer et al. 1994; Greenwood et al.
2000). In a guinea pig experiment, a 40% restriction in maternal feed intake through
gestation resulted in reduction of fetal body weight and a 20-25% reduction in
muscle fiber number at term (Dwyer et al. 1995). Furthermore, early gestational
undernutrition that lasted for the first 25 days of gestation did not affect muscle fiber
number development of the placenta, whereas gestational undernutrition period that
extended to 25 days and longer affected development of secondary fibers (Dwyer et
al. 1995). The results indicated that the stages of undernourishment during gestation
had different effects on muscle fiber development.

Demirtas and Ozcan (2012) investigated the effect of mild and severe nutrient
restriction during early gestation on fetal muscle development in ewes. Ewes from
the mild group received 85% of daily nutritional requirement and ewes from the
severe group received 50% of daily nutritional requirement from the first day of
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gestation and throughout the gestational period. The total number of muscle fibers,
primary and secondary fiber numbers had decreased in ewes with either mild or
severe undernutrition during early gestation. Moreover, the more severe the nutrient
restriction during in utero, the greater decrease in the total fiber numbers (Demirtas
and Ozcan 2012). Skeletal muscle is vulnerable to the availability of nutrients during
particular period in fetal development.

Evidence from Case Series Studies and Epidemiological Studies
Regarding the Effect of Famine during Childhood on Body
Composition

The Dutch Famine

The Dutch Famine took place in the winter of 1944-1945 in the western Nether-
lands. The general daily calorie intake of the inhabitants decreased gradually from
about 1800 calories to 1000 calories and further to a daily intake between 400 and
800 calories. It liberated after 6 months and the daily intakes increased to more than
2000 calories. The famine had a profound effect on the health of the population. The
mortality rate was more than doubled compared with 1939 (Roseboom et al. 2001).
The effects of exposure to the Dutch Famine during gestation on health in later life
are summarized in Table 2.

Higher chronic diseases risk and impaired physical function have been found in
individuals exposed to the Dutch Famine. Women who had been exposed to the
Dutch Famine aged 0-9 years had 25% higher risk of being overweight (95% CI
1.05-1.50), higher BMI by 0.48 kg/m* (95% CI 0.13-0.83), and 1.02 cm more of
waist circumference (95% CI 0.17-1.88) compared to unexposed women after
adjustment for potential confounders (van Abeelen et al. 2012). Men exposed to
prenatal undernutrition during the Dutch Famine had lower grip strength

Table 2 Summary of disease risk associated with the Dutch Famine (Painter et al. 2005; Portrait et
al. 2007; Roseboom et al. 2000, 2001, 2006, 2011)

Period of starvation Effects
Famine in early - more atherogenic lipid profile
gestation - higher fibrinogen concentrations and reduced plasma concentrations of
factor VII
- higher BMI
- higher risk of coronary heart disease, dyslipidemia, more stress
responsive
- increased risk of schizophrenia and antisocial personality disorder
Famine in mid - increased prevalence of obstructive airways disease
gestation - greater prevalence of microalbuminuria

- reduced glucose tolerance

- decreased in creatinine clearance
Famine in late - reduced glucose tolerance
gestation - highest mortality rate
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(B = —5.0 kg; 95% CI —9.2 to —0.8, p < 0.05) and physical performance score
(B = —0.8 points; 95% CI —1.6 to 0.0, p < 0.05) than unexposed men after adjusted
for BMI, birth weight, socioeconomic status (SES), and various lifestyle factors
(Bleker et al. 2016). These studies provide evidence that poor nutritional status in
prenatal and early postnatal is a predictor of various health outcomes.

During the World war I

During World War II, Japanese women who experienced low nutrient intake when
they were 5 years old showed a significantly lower BMD than unexposed women.
By comparing women aged 50—54 years in 1992—-1993 and women who reached the
same age in 1999-2002, the older women group was relatively shorter and had
significantly lower BMD (0.86 + 0.15 g/cm? vs. 1.02 & 0.16 g/cm?) (p < 0.001)
(Yoshimura et al. 2005).

Chinese adults who suffered from famine during this period showed a poor bone
health. Chinese adults aged 65 years and above who had experienced famine
(defined as a caloric restriction for at least 1 year) were shorter (OR 0.92; 95% CI
0.89-0.99), had a higher BMI (OR 1.11; 95% CI 1.03—1.19), and higher prevalence
of recurrent falls (defined as two or more falls in the previous 12 months) (OR 1.67,;
95% CI 1.17-2.37) (Woo et al. 2010). Women who were exposed to famine also had
higher rate of developing osteoporosis (p = 0.049), lower femoral neck BMC
(p = 0.031), and lower femoral neck BMD (p = 0.034). In addition, women who
had experienced famine had a higher loss in femoral neck BMD (percentage change
—1.38; 95% CI —2.72 to —0.03) than those who had not been affected (Chan et al.
2007). However, these associations were attenuated when education was entered into
the analysis model. Famine exposure had little impact on BMC, BMD, and osteo-
porosis status in men (Chan et al. 2007). These studies showed that poor growth
during infancy and childhood has impact on bone health and the effect may be
gender-specific.

Holocaust Survivors

The incidence of osteoporosis and osteopenia was found to be high in Holocaust
survivors. Holocaust survivors are those who were in Europe under Nazi occupation
during the years 1939-1945 and were constrained in concentration camp, ghetto,
labor camp, or in a children’s institution. Female Holocaust survivors were signif-
icantly associated with greater likelihood of osteoporosis (OR 1.39; 95% CI
1.00-1.93, p = 0.03) (Werner 2003). In addition, female survivors at age 60 years
or older had 2.88 times higher risk of osteoporosis than those in the control group
after adjustment for various covariates (p = 0.014) (Marcus and Menczel 2007). The
incidence of osteoporosis and osteopenia was significantly higher in those who
exposed to unfavorable condition at 17 years old or younger. They showed a 3.47
higher risk of having osteoporosis than the control group (p = 0.019). In contrast,
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the lack of difference in the osteoporosis risk was seen among those exposed at age
of 17 years and/or older and the control (Marcus and Menczel 2007). These
observations further support the period of nutrients restriction is a determinant of
bone health later in life.

Great Leap Famine in China

The Great Leap Famine (Great Chinese Famine) that occurred in 1959-1961 resulted
in death and malnutrition of millions of people including babies. It had been
estimated that the daily per capita availability of food energy during 1959-1961
decreased dramatically to 1500 calories and this level was well below the average
food energy requirement of about 2100 calories (Ashton et al. 1984; Chen and Zhou
2007).

The health impacts of the Great Chinese Famine are summarized in Table 3.
Studies showed that early life exposure to famine was associated with increased risk
of overweight later in adult life (Luo et al. 2006). Yang et al. (2008) compared BMI
data based on 2012 China Health National Survey of rural residents born during the
famine years of 1959—1961 with those born after the famine, 1964 (control group).
The mean BMI and the prevalence of overweight of the women who were born
during the famine years were significantly higher compared to the controls
(p < 0.01). Yang et al. (2008) concluded that higher risk of overweight and obesity
in women were caused by malnutrition in fetal life. However, this difference was not
observed in men. Similarly, Wang et al. (2010) found that the effect of famine and
body weight in adulthood might be gender-specific. Wang et al. (2010) examined the
body weight and height of adults who had suffered from famine either as a toddler or
during gestational stage in the Chongqing region. Fifty years after exposed to
famine, those female exposed to famine during toddler or gestational showed an
increase in weight, consequently, leading to overweight and obesity compared to the
control. However, males that were exposed to the famine as a toddler showed a
decreased in body weight in adulthood and did not affect the males that were
exposed to the famine during gestation.

In addition, bone health may also be affected as a consequent of this famine. Chen
et al. (2016) found that male survivors of the Great Chinese Famine who were born
in 1961 (i.e., those with fetal development in the most severe period of the famine)
had a highest risk of developing osteoporosis in adulthood compared to males that
did not suffer from the famine (control).

Association of Growth Patterns in Early Life on the Body
Composition

Substantial evidence has suggested an association of growth patterns during early
life with later health outcomes. The changes of body composition in response to the
early environmental conditions may be the determinants of the increasing prevalence
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Table 3 Study outcomes of the Great Chinese Famine

Publication

Chen et al.
2016

Luo et al.
2006

Wang et al.
2010

Study data/
population
2013 health
examination
at a health
screening
center of a
hospital in
Chongqing

The China
health and
nutrition
Survey
1991, 1993,
1997, and
2000

2006-2008
annual
physical
evaluation
data of a
hospital in
Chongqing

Study
outcome

Osteoporosis

Overweight

Body weight
Overweight
Obesity

Famine
exposure
(birth year)®
Exposed to
famine
(1959-1962);
Mean age
0-3 years
Control
(1956-1958)
and
(1963-1962)
combined as
control

Famine group
(1959-1962);
Mean age
0-3 years
Control
(1963-1966)

Toddler
exposed
group:
(1956-1958);
mean age
1-3 years
Gestational
exposed
group
(1959-1961);
mean age

Age at
examination
(years)*
48-57

42-52

Results

Male
survivors of
the great
Chinese
famine who
were born in
1961 had a
highest risk of
developing
osteoporosis
in adulthood
compared to
males that did
not suffer
from the
famine
(control)

The
probability of
being
overweight
was higher in
the provinces
that
experienced
more severe
famine
compared to
provinces that
were less
severely
affected.

Such
differences
were more
pronounced
in women

Female
subjects: a
significant
increase in
the body
weight of
female
subjects
exposed to
famine during
toddler stage

(continued)
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Table 3 (continued)

Famine Age at
Study data/ Study exposure examination
Publication | population outcome (birth year)® (years)* Results

0-2 years and
Control gestational
(1962-1964) stage
(» < 0.05 vs.
control)
Male
subjects:
Exposure to
famine during
toddler stage
reduced body
weight
(p < 0.05 vs.
control). No
impact on the
adulthood
male body
weight during
gestational
stage
Yang et al. | 2002 BMI Faming group | 3843 The mean
2008 Chinese (1959-1961); BMI of rural
nutrition and mean age residents born
health 0-2 years during the
Survey Control famine years
(1964) 1959-1961
were
significantly
higher than
the control
group
(p <0.01)

“approximate age estimation

of obesity, sarcopenia, and osteoporosis (Sayer and Cooper 2005). Epidemiological
studies have investigated the association between BW and lean mass or fat mass in
adult (Table 4). Studies suggest that BW or weight at 1 year old is associated to adult
weight. Three studies have further examined the association between BW and body
composition at young adult and elderly subjects. BW was associated with thigh muscle
and bone area in young adults (Kahn et al. 2000) and total lean mass and muscle mass
in elderly group (Gale et al. 2001; Kensara et al. 2005; Patel et al. 2011). More body fat
and more central distribution of fat with a greater trunk to limb fat ratios was found in
low BW group (<3.18 kg) at the age above 64 years old (Kensara et al. 2005). These
studies suggest a positive association between BW and subsequent lean body mass and
a negative association between BW and relative adiposity.
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Table 4 Association between weights measured at birth and at infancy with fat mass and/or muscle

mass

Number
of
subjects

153
women

224
men,
189
women

102
men,

women

192 men

32 men

105 men

Study population

Resident in Bath
UK

Born in
Hertfordshire

Living in Sheffield

White and black
male for military
service

Born in
Hertfordshire

Born in
Hertfordshire

Assessment
age
21

63-73

70-75

17-22

64-72

68-76

Results

No significant association between BW and
adult weight

Weight at 1 year old was a significant
predictor of adult weight (r = 0.35,

p < 0.001) (Cooper et al. 1995)

BW was associated with adult weight in men
only (»p < 0.001)

Weight at 1 year old was associated with adult
weight in both sexes (p < 0.001) (Cooper et
al. 1997)

BW was negatively associated with whole
body total fat (23.09 kg for BW < 3.15 kg vs.
21.03 kg for BW > 3.64 kg, p = 0.03)

BW was positively associated with whole
body total lean mass (45.02 kg for

BW < 3.15 kg vs. 46.88 kg for

BW > 3.64 kg, p = 0.002)

Data adjusted for age, sex, height, and weight
(Gale et al. 2001)

For every kg increment in BW, BMI increased
by 1.66 units (p < 0.001), thigh muscle and
bone area increased by 16 cm? (p = 0.0029),
waist circumference increased by 3.9 cm

(p =0.0014)

No significant association with thigh
subcutaneous fat area (log;o of cm?)

(p =0.086)

Data adjusted for race and height (Kahn et al.
2000)

Low BW group (<3.18 kg) had a higher
percentage of body fat (29.31% vs. 25.33% in
high BW group (>3.86 kg), p = 0.029), fat
mass (24.49 kg vs. 21.67 kg, p = 0.039) but a
lower fat free mass (59.12 kg vs. 61.95 kg,
p = 0.039) and muscle mass (27.23 kg vs.
29.22 kg, p = 0.022)

Data adjusted for weight and height (Kensara
et al. 2005)

Low BW group (<3.18 kg) has a lower total
lean mass (p = 0.04). However, results
attenuated after adjustment for age, height,
and physical activity (p = 0.06) (Patel et al.
2011)
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Table 5 Association between weights at birth and at infancy and skeletal status

Number of
subjects

153 women

224 men,
189 women

55 men, 57
women

498 men,
468 women

102 men, 41
women

Study

population Age
Resident in 21
Bath UK

Born in 63-73
Hertfordshire

Resident in 71
Finland

Resident in 60-75
Hertfordshire

Living in 70-75
Sheffield

Results

BW and weight at 1 year old were not associated to
BMD

Weight at 1 year old was positively correlated with
lumbar spine BMC (r = 0.32, p < 0.01) and femoral
neck BMC (r = 0.26, p < 0.01) (Cooper et al. 1995)

BW and weight at 1 year old were not associated with
BMD in both sexes

Weight at 1 year old was associated with BMC in men
at lumbar spine (p = 0.03), in women at lumbar spine
(p = 0.01), and at femoral neck (p = 0.01)

Data remained significant after adjusting for age,
SES, smoking, alcohol consumption, calcium intake,
activity level, and years since menopause (Cooper et
al.1997)

Poor growth rate was associated with hip fracture risk.
The risk was 1.9 times higher in the lowest quartile in
the growth rate of height (p = 0.006) and 1.7 times
higher in the lowest quartile in the growth rate of
weight (p = 0.009) (Cooper et al. 2001)

BW was associated with BMC in men (proximal
femur: r = 0.16, p = 0.003; lumbar spine r = 0.10,
p = 0.03) and women (proximal femur r = 0.16,

p = 0.0008; lumbar spine r = 0.11, p = 0.03)
Weight at 1 year old also associated with BMC in men
(lumbar spine r = 0.17, p = 0.0001; proximal femur
r=0.22, p < 0.0001) and women (lumbar spine
r=0.13 p = 0.01; proximal femur r = 0.14

p =0.002)

Data remained significant after adjusted for age, BMI,
cigarette, alcohol consumption, physical activity,
social class, years since menopause, and the use of
hormone replacement therapy in women

BW was associated with BMD in men in proximal
femur only (r = 0.10, p = 0.03)

Weight at 1 year old was associated with BMD in men
in lumbar spine only (r = 0.11, p = 0.01) (Dennison
et al. 2005)

BW and BMC was associated in men at lumbar spine
(69.61 g for BW < 3.15 kg vs. 78.23 g for

BW > 3.64 kg) (p = 0.012) and femoral neck (4.4 g
for BW < 3.15 kg vs. 4.73 g for BW > 3.64 kg)

(p = 0.024). No association with BMD

BW and BMC was associated in women at lumbar
spine (46.52 g for BW < 3.15 kg vs. 56.41 g for
BW > 3.64 kg) (p = 0.003) and femoral neck (3.14 g
for BW < 3.15 kg vs. 3.72 g for BW > 3.64 kg)

(p = 0.004)

(continued)
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Table 5 (continued)

Number of Study
subjects population Age Results

BW was associated with BMD in women at lumbar
spine (0.84 g/cm? for BW < 3.15 kg vs. 0.96 g/cm?
for BW > 3.64 kg) (p = 0.004) and femoral neck
(0.65 g/em® for BW < 3.15 kg vs. 0.75 g/cm? for
BW > 3.64 kg) (p = 0.011)

Data adjusted for age (Gale et al. 2001)

866 men, Born in 59-73 | Men who have a fall history had a lower weight at
1282 Hertfordshire 1 year old (p = 0.04) and poor conditional infant
women growth (p = 0.02)

Poor conditional infant growth was associated with
fall history in men only (OR 1.27, 95% CI 1.04-1.56
p = 0.02). Results attenuated after adjustment for
adult grip strength, height, age, walking speed. No
association was found in women (Sayer et al. 2006)

Osteoporosis is a skeletal disorder characterized by low bone mass and strength,
deterioration of bony tissues, and increase risk of fracture. BW and weight at 1 year
old as well as a poor growth rate are correlated with decreased BMC and increased
risk of hip fractures in later life (Table 5). BW was associated with BMC in men and
women at lumbar spine and femur neck (Dennison et al. 2005; Gale et al. 2001).
Associations were also found with infant weight at 1 year old (Cooper et al. 1995,
1997; Dennison et al. 2005; Gale et al. 2001). However, the correlation between BW
and BMD was less prominent in these studies. Low childhood growth rate in weight
and height was associated with an increased hazard ratio for hip fracture at older age
(Cooper et al. 2001) and it is usually found in men who had fall history in past years
(Sayer et al. 2006). The strong association of BW with BMC suggests that there are
prenatal and postnatal programmed factors in determining bone mineralization and
risk of osteoporosis in later life (Dennison et al. 2005).

Muscle strength has a major impact on the age-related decline in physical
performance and independence. It is generally studied by using hand grip strength
(Kuh et al. 2002). The association of BW and grip strength in later life was studied
(Table 6). Lowest BW (<2.5 kg) was associated with reduced grip strength (28.5 kg
vs. 32.4 kg in the highest BW group, p = 0.01) (Sayer et al. 1998). Similarly, lowest
weight at 1 year old was also associated with reduced grip strength (p = 0.02) (Sayer
et al. 1998). In another study in which grip strength was assessed at age 53 years old,
there was a positive relation between BW and adult grip strength in both sexes. For a
1 kg increase in BW, there was an estimated mean increase in grip strength of 1.83 kg
in men (95% CI 0.52-3.19, p < 0.01) and 1.2 kg in women (95% CI 0.29-2.11,
p < 0.01) when adjusted for adult body size, weight, and height (Kuh et al. 2002).
These data suggested that children born into an adverse environment in which they
had not gained weight in infancy would result in persisting consequences through
later adult and such poor adult environment could possibly lead to more rapid aging
as well (Sayer et al. 1998).
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Table 6 Association between weights at birth and at infancy and grip strength

Number of

subjects Study population | Age Results

1371 men, Birth in England, |53 Lower BW had a lower grip strength in men

1404 Scotland, Wales (45.9 kg at BW < 3.06 kg vs. 50.6 kg at

women BW >3.87 kg p < 0.001) and in women (26.9 kg
at BW < 2.95 kg vs. 29.5 kg at BW > 3.65 kg,
p < 0.001)
BW was associated with grip strength in both
sexes. An extra kg of birth weight was associated
with 1.83 kg difference in men and 1.27 kg
difference in women (p < 0.01)
Data adjusted for adult body size, body weight,
and height (Kuh et al. 2002)

411 men, Birth in 65-74 | BW was associated with grip strength (28.5 kg at

306 women | Hertfordshire BW < 2.5 kg vs. 32.4 kg at BW > 4.31 kg,

p =0.01)

Weight at 1 year old was associated with grip
strength (29.8 kg at weight < 8.16 kg vs. 34.2 kg at
weight > 11.79 kg, p = 0.02)

Data adjusted for age, sex, current social class,
SES at birth, and height (Sayer et al. 1998)

Potential Mechanisms Linking the Effect of Famine during
Childhood to the Body Composition

Phenotypic “plasticity” enables one’s genotype to give rise to a range of different
physiological or morphological states in response to different environmental conditions
(Barker et al. 2002). It enables the production of phenotypes that are better matched to
the environment. The mechanisms underlying the changes are still unknown. It has been
postulated that genetic, physiological, behavioral, and environmental factors influence
permanently in the cell proliferation and differentiations, heritable changes in gene
expression, and alter the neuroendocrine systems which are crucial in the regulation of
the body composition and physiological processes (Vickers 2011).

When the food intake is limited, the amount of glucose utilized by the body is
reduced to a minimum since brain, kidney, and erythrocytes require glucose for their
metabolism. The metabolic rate of the cells decreases significantly to allow for the
subsistence of the organism as a whole (Kueper et al. 2015). Both the reduction of
the basal metabolic rate and the nutrient deficiency contribute to the stunted growth.
In addition, lower muscle mass resulted in reduced ability to metabolize calories and
more likely to have positive calorie balance (Kahn et al. 2000). Stunted children had
impaired fat oxidation and preferential oxidation of carbohydrate. The tendency to
store fat was enhanced with this adaptation (Kulkarni et al. 2014) and permanently
altered the number of adipocytes in the body (Sayer and Cooper 2005).

Furthermore, there are leading hypotheses that changes in stress hormones which
could result in changing body composition (Kulkarni et al. 2014). Undernutrition is a
powerful stimulator of stress leading to a reduction in growth hormones, insulin-like
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growth factor-1, and thyroid hormones, resulting in impaired growth, lower energy
expenditure, and a higher risk of positive energy balance (Fall et al. 1998; Kulkarni
et al. 2014). These also alter the protective effect of bone health, reduce bone
mineralization, and predispose an individual to an accelerated rate of bone loss
during life (Cooper et al. 2002). The poor protein intake during famine could also
reduce the intestinal calcium absorption as the results of secondary hyperparathy-
roidism and lead to a lower BMC (Matinolli et al. 2015).

Poor growth in early life is associated to lower muscle mass and poor muscle strength
later in life and may lead to sarcopenia. The alteration of skeletal muscle morphology
including the decrease in muscle fiber score and myofiber density may explain this
association (Patel et al. 2011). Moreover, low BW was associated with increased
proportion of type IIX fibers and deceased type IIA fiber. The increased in type IIX
fiber may influence the whole body and muscle glucose metabolism, a situation which is
similarly observed among patients with diabetes (Jensen et al. 2007).

Reversibility of the Developmental Programming

Fetal origins hypothesis proposes that alternations in fetal and postnatal nutrition and
endocrine status result in the developmental adaptation that permanently predisposes
the individual to higher diseases risk in adulthood (Barker et al. 2002). However,
recent animal studies have suggested that developmental programming is potentially
reversible by nutritional or targeted therapeutic interventions and may be able to
ameliorate or reverse the consequences associated with developmental programming
(Vickers 2011). Administration of leptin to rats that were undernourished in utero
reversed the metabolic phenotype of insulin resistance and obesity that would
otherwise develop in these animals (Guilloteau et al. 2009). Leptin given orally in
rats resulted in lower body weight, lower fat content, and consumed fewer calories
than their untreated controls at 6 months of age (Guilloteau et al. 2009). Another
study in adult female rats also showed that IGF-I infusion led to a complete
normalization of adiposity, fasting plasma insulin, and leptin concentration in the
offspring (Vickers 2011). Furthermore, the effects of hyperleptinemia and increased
fat mass development in rat were completely ameliorated by a diet high in omega-3
(Wyrwoll et al. 2006). These animal studies provide evidence for the possibilities of
dietary manipulation on exacerbating programming effects. However, more research
is needed to translate these animal studies to human settings.

Implementation

Animal studies and epidemiologic studies of human cohorts showed an association
between undernutrition during gestation and at postnatal stages and future adult
health. The process of adaptation that enables the infants to continue to grow may
have adverse consequences for their health in later life. This association is likely to
be reversed as demonstrated in animal studies recently. More work is needed to
elucidate the mechanisms and identify the potential biomarkers responsible for the
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adaptation process. With this information, it is useful to identify susceptible patients
for dietary or nutritional interventions. A public health approach to promote optimal
fetal and infant development through providing appropriate dietary advice is neces-
sary. Reinforcing the awareness of health should be considered in terms of maternal
and neonatal health, the growth of infant, their health as an adult, and even the health
of subsequent generations (Gluckman et al. 2008). In addition, preventive strategies
against obesity, osteoporotic fractures, and sarcopenia may be implemented at early
life to improve BW and allow linear growth in children, and to promote optimal
body composition and muscle strength, and minimize the potential loss (Kulkarni
et al. 2014).

Conclusion

Evidence has shown that early nutrition factors may influence the long-term health
and consequently the aging process. Under condition of suboptimal postnatal nutri-
tion, infant must adapt to its environment and survive through such poor condition.
However, such adaptations can lead to poorer muscle mass and higher fat mass (Gale
et al. 2001, Kensara et al. 2005); lower grip strength (Kuh et al. 2002; Sayer et al.
1998), reduced BMC (Cooper et al. 1995, 1997; Dennison et al. 2005; Gale et al.
2001), and higher bone fracture and fall risk (Cooper et al. 2001; Sayer et al. 2006).
Case studies on individuals in the Dutch Famine, the Great Leap Famine, and
Holocaust survivors also supported the findings. The mechanisms for these adaptive
changes are still unknown but it has been postulated that they are related to genetic,
physiological, behavioral, and environmental factors (Vickers 2011). Recent find-
ings on animals showed that the adverse consequences can be reversed by nutritional
and pharmacological interventions. More research is needed to elucidate the under-
lying mechanisms for these adaptations and to identify the critical window period to
reduce the associated diseases risk later in life.

Policies and Protocols

This chapter highlights the importance of early life nutrition on adult health, in
particular the impact of famine in childhood on adult health with a focus on the
changes in body composition including fat, muscle, and bone mass. In this chapter,
we have described that BW and growth rate are both associated with the changes of
body composition and skeletal status. We have also summarized that malnutrition
or undernutrition in infants and early childhood leads to a disturbance in energy
balance. Such energy imbalance could interact with the genome and lead to
complex mechanisms which result in reduced body size and muscle mass, lower
BMC and higher fat store. These changes can persist into aging which increase the
risk of fall, osteoporosis, sarcopenia, and poor quality of life. To promote healthy
aging, one should not only focus on the health status at mid-age adult but also the
nutritional status at early ages. Therefore, nutrition intervention programs during
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pregnancy and lactation are undoubtedly important to optimize the intrauterine envi-
ronment and postnatal nutritional status from the public health perspective. However,
current evidence is still lacking to justify any changes in dietary guidelines and dietary
recommendations in these groups. More studies are needed to identify the factors that
are associated with the delivery of nutrients in placenta, infant’s adaption to a limited
nutrient supply environment, and the possible mechanisms of this adaptive change on
gene expression, body structure, and physiology. Further advances in this field may be
able to reduce the prevalence of age-related diseases which represent the major health-
care issues in the aging population.

Dictionary of Terms

» Aging — Aging results in changes in body composition including increased total
and abdominal fat accumulation, decreased lean muscle mass and bone mineral
density. These changes predispose individuals to higher diseases risk, such as
diabetes, heart disease, sarcopenia, and osteoporosis.

* Famine — Famine is a scarcity of food leading to malnutrition, starvation, and
increased in mortality. Pregnancy and the first few years of life require adequate
amount of food intake to support the growth and development of the infant. Limited
food availability may lead to poor pregnancy outcomes and poor growth rate and
may cause adverse health effects of the offspring in adulthood.

» Fetal origins hypothesis — It proposes that the period of gestation and early life
has great impact on individual’s development and health outcomes.

* Optimal nutritional status — It is a result by taking adequate amount and various
types of nutrients so that the body can achieve the best performance and possibly
a good health in lifetime.

* Sarcopenia — It is the loss of muscle mass, quality, and strength due to aging. It
leads to higher risks of falls, mobility limitations, disability, and fractures.
Exercise, in particular the resistant exercise is currently considered to be the
best approach to delay its onset.

Summary Points

 Fetal origin hypothesis proposes that fetal growth condition is associated to the
health outcome in adulthood. Epidemiological studies have shown that low birth
weight and poor growth rate increase risk of obesity, diabetes, and cardiovascular
diseases, possibly mediated through the changes in body composition.

» Evidence from animal model suggests that in utero or early life exposure to
malnutrition affect body composition later in life including altered fat distribu-
tion, and reduced bone mineral content and muscle mass. However, translating
such evidence to human setting is still difficult.

* People who were exposed to the Dutch Famine, the Great Leap Famine, World
War II, or Nazi occupation generally showed higher body weight, poorer grip
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strength, and physical performance, and/or lower bone density and higher risk of
0steoporosis.

 Epidemiological studies support a link between infant weight and adult weight. Lower
birth weight is associated with decreased lean muscle mass and increased fat mass.

» Infant weight is an important determinant of later bone health. Weight at 1 year
old was associated with bone mineral content in women. Poor growth rate was
related to a history of fall or hip fracture risk in individuals age 60 and above.

* Infant weight can influence the muscle strength in midlife which is associated
with quality of life and independency in aging.

» Evidence of animal studies suggests that the developmental programming is
potentially reversible.

* Dietary interventions for pregnant and lactating women allow optimal fetal
growth and hence could lower the diseases risk in offspring in later life.
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Abstract

Throughout history, populations have been exposed to periods of severe food
shortage, famine, and starvation. Famine continues to be a major world health
issue today with an estimated 794.6 million people (10.9% of the world’s
population) undernourished in the 2012-2014 period. Historical episodes of
famine have sometimes allowed the effects on subsequent health to be studied
in detail. For instance, during WWII, the studies of starved children in the
Warsaw Ghetto documented bone softening, osteoporosis, and osteomalacia.
Histologically the bone marrow was replaced with connective tissue and few
myelocytes or chondrocytes were visible. Infants born to women who expe-
rienced famine during pregnancy may have increased risk for certain health
conditions and there is evidence that musculoskeletal conditions may origi-
nate in the intrauterine period. Fetal programming is likely to increase the risk
of osteoporosis when the environment during pregnancy is lacking in essential
minerals and vitamins. The interplay between the three most important com-
ponents of bone metabolic health, calcium, vitamin D, and vitamin K, often
occur together in communities affected by hunger. Lack of adequate nutrition
and vitamin D may lead to Rickets in children. Vitamin K deficiency can lead
to intrauterine epiphyseal ossification and adolescent osteoporosis. Folic acid
deficiency during pregnancy is also a key factor in neural tube anomaly
development. Lathyrism due to famine-related dietary restriction to predomi-
nantly one food type, the lathyrus legume species, can lead to osteolathyrism.
Symptoms include bone tissue hemorrhage, collagen disease causing bone
softening, osteoporosis, and frequent fractures. Famine osteopathy is a con-
glomerate of metabolic aberrations resulting from nutritional deprivation.
Developed countries that welcome immigrants and refugees from famine hit
regions should make provision for screening and early detection of metabolic
deficiencies such as osteoporosis.

Keywords
Bone metabolism - Osteoporosis - Spina bifida - Lathyrism - Rickets -
Osteomalacia - Vitamin K
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List of Abbreviations

ACTH  Adrenocorticotrophic hormone
U International units

MK Menaquinone

NTA Neural tube anomaly

ODAP  L-amino acid alanine derivative
WWI World War I

WWII World War II

Historical Background

Famine as a socioeconomic phenomenon was known in antiquity and the Latin term
famina evolved later on in history into the French and English term famine. The
quote by Zweig, a pacifist and pan-European writer, applies to both the ideological
and social aspects of famine. In the twentieth century food production reached an all-
time high, with sufficient levels for the entire world population. It is in this century
that the unnecessary occurrence of famines is one of terrible and inexcusable failure
(Devereux 1988). Despite high economic achievement it is this century s shame that
over 75 million people perished during the twentieth century as a result of nutritional
deprivation (Devereux 1988).

Developmentally, famine may be either acute or chronic. The syndrome of famine
can also be categorized according to intensity into three distinct types: (i) mild, namely
hunger; (ii) moderate, also called destitution or inanition; or (iii) extreme famine,
leading to mortality. Howe and Devereux (2004) have called for a scale for famine
rather than a binary, famine or no famine, categorization (Howe and Devereux 2004).
The staggering figure of 75 million deaths due to famine in the twentieth century can be
attributed to natural disasters, such as flood, drought, or earthquake; government or
societal repression of populations; political or military invasion; or genocide.

Both World War I and II resulted in widespread destitution due in part to the
destruction of crops and farmland. There was famine in Europe during WWI, and in
Russia millions of people were victims of the 1917 October Revolution. There was
the catastrophic Soviet food confiscation that led to over 6 million Ukrainian deaths
between 1932 and 1934 (Davies et al. 2004). Famine also emerged in Europe
following WWII and in Asia hunger spread to include India (3 million victims),
Southeast Asia, Bangladesh (1.5 million victims), and Cambodia (2 million). Later
on, famine was documented in Eastern and Central African countries such as
Ethiopia (with 1 million victims) and Somalia and the Sudan (each with 0.5 million).
However, by far the most catastrophic figures were revealed by China later in the
century with as many as 33 million deaths due to the “Great Leap Forward” between
1959 and 1961. More recently there has also been famine in North Korea with a
reported 3.5 million deaths between 1995 and 1999 (Goodkind and West 2001;
Owen-Davies 2001). Famine remains a major world health issue today with an



150 G. M. Weisz and R. M. Hadfield

estimated 794.6 million people undernourished in the period 2012-2014, accounting
for approximately 10.9% of the world’s population (World Hunger News 2016).

Pathology of Famine

The literature on socioeconomic aspects of famine is voluminous. Apart from
widespread mortality, famine may also result in clinical sequelae for survivors. In
the young and very old, the effect of famine on the immune system leads to
vulnerability to infectious diseases, further increasing the risk of mortality
(Barbosa-Saldivar and Van Itallie 1979). Famine may also lead to delayed symp-
tomatology in the early adult lives of survivors.

Following the Siege of Leningrad (1939-1943), the population was exposed to
prolonged famine; however, the wider world did not learn the full extent of the
hardship until sometime later. During World War II the invading German army
instituted a siege around Leningrad from September 1941 to January 1944
which lead to a reported 830,000 deaths as a result of the causes related to the
population-wide famine. The population of Leningrad (now St Petersburg, Russia) at
that time was 2.9 million of which 0.5 million were children (Sparen et al. 2004).
Infection was often the main complication with diseases such as tuberculosis,
dysentery, scarlet fever, and pneumonia the prevalent cause of death (Brozek et al.
1946). During the siege, severely restricted diets during pregnancy resulted in an
estimated daily sustenance of only 300-800 calories. The rate of premature births
was as high as 41.2%, with neonatal mortality rates of 9% for full-term births and
30.8% for premature births (Antonov 1947).

Some 40 years after the Siege of Leningrad, epidemiological studies of children
born at the time of the siege were conducted at Stockholm’s Karolinska Institute
(Sparen et al. 2004). The authors concluded that:

Starvation, or accompanying chronic stress, particularly at the onset of or during puberty,
may increase vulnerability to later cardiovascular disease.

Figure 1 illustrates the increase in risk of cardiovascular mortality for males who
were children during the siege compared to controls not exposed to famine.

Earlier studies had reported that adults who had been exposed to malnutrition or
starvation in utero during the siege did not appear to be at increased risk of glucose
intolerance, dyslipidemia, or cardiovascular disease, yet they were more likely to
have endocrine dysfunction, and high blood pressure, if obese (Stanner et al. 1997).
However, it is well-established that restricted growth in utero increases the risk of
Type 11 diabetes, coronary heart disease, and hypertension in adult life (Barker 1998).

In November 1944, as a reprisal for an anti-German railway bridge strike, the
occupying army instituted a food embargo over the western Netherlands. By April
1945, nutrition had been gradually reduced to 400 calories a day, with a reported
18,000 deaths in the Dutch famine (known as the “Hongerwinter”) (van der Zee
1998; Susser and Stein 1994).
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Fig. 1 Cardiovascular mortality in males exposed to famine during the Leningrad siege versus
controls (Adapted from Sparen et al. 2004)

Records, studied some 40 years later at Amsterdam University, showed that small
size and low birth weight were related to metabolic aberrations (in glucose and lipid
levels), obesity, and increased mortality rate (Roseboom et al. 2006). Changes in
reproductive function, early menopause, and increased breast and colon malignancy
were also observed, all related to nutritional deprivation in pregnant women (Dirx et al.
2003; Elias et al. 2004).

During World War I, there was also severe food shortage on the Channel Islands,
including Guernsey and Jersey, when they were demilitarized by the British in 1940
and then occupied by the German military. The invasion of Normandy in 1944 cut
off the food supply to the 60,000 inhabitants of the five Channel Islands. Only a fifth
of the population was evacuated, but those that remained endured a five-year long
critical food shortage and famine. Islanders exposed to malnutrition as infants were
later found to have increased cardiovascular morbidity, delayed puberty, and an
increase in breast cancer, although statistically nonsignificant (Fentiman et al. 2007,
Head et al. 2008).

Pathogenesis of Famine-Induced Metabolic Bone Disease

The concept of trimester-based intrauterine development has become essential for an
understanding of fetal programming, including the programming of bone development.
Intrauterine conditions during the first trimester (the embryonic period) affect
neuronal and mesenchymal-cartilaginous tissue development. The following
6 months of pregnancy, namely the second and third trimesters, are critical to the
multiplication and growth of existing cells (Weisz and Albury 2014).
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Fig. 2 Bone matrix, or
osteoid, is secreted by the
osteoblasts which then
become calcified and develop
into osteocytes
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The second trimester is the time when the fetus is most sensitive to maternal
metabolic status and dietary intake; direct effects on fetal adipose, muscle and bone
formation have been observed. In the third trimester glucose and cortisol levels are
critical, exerting effects on kidney formation, birthweight, limb length, and head
circumference at birth, as well as postpartum maternal weight changes (Weisz and
Albury 2014).

Maternal and fetal nutrition are in delicate balance and the state of maternal
nutrition influences the fetal state by enforcing functional changes. Studies have
shown that the second trimester is the most strongly affected by maternal metabolic
intake. At this time, the adipose, muscle, and bone tissue formation takes place. An
adaptation or reprogramming to the food shortage is applied: the number of cells
formed is adjusted down; oxygen and nutrition are deviated toward the vital organs
(brain, heart, arteries). The baby is at increased risk of being small in size with low
birthweight and the foundation is laid for potential future neonatal, childhood, or
adult diseases (Fig. 2).

Effect of Famine on Bone Metabolism

At this stage it is necessary to review normal fetal osteogenesis (Fig. 3).

The recognition of intrauterine starvation and its effect on bone metabolism
followed on from studies on general metabolism. Numerous studies have observed
that intrauterine skeletal development is under hormonal control, as well as depen-
dent upon the availability of minerals and the vitamins D, B9 (Folate), and K (Weisz
and Albury 2013).

Bone formation, or osteogenesis, is already evident by the fourth week of the
embryonic period, but the bone is still a soft structure. In the developing fetus,
mesenchymal cells are transformed into osteoblasts, and eventually further into
osteoclasts, with two types of ossification: intramembranous axial ossification
(skull, mandible, clavicle, ribs, and sternum genesis), or endochondral appendicular
ossification (long bones, pelvis, and vertebrae) (Fig. 4). During the second and third
trimesters, limb development continues with nonmineralized bone matrix being
secreted by osteoblasts and then transformed into osteocytes.
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Fig. 3 Normal and pathological bone formation in the developing fetus (designed by author, G.M.W).
Mesenchymal cells are pluripotent cells capable of differentiating into various cell types including
osteoblasts, chondrocytes, myocytes, and adipocytes.
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Fig. 4 Bone development [adapted from copyright free image http://cnx.org/contents/qmrJu64i@3/
Bone (Accessed 21 Mar 2017)

In the bone marrow, the osteoblasts contribute to destruction of the central bone
matrix. The matrix continues to absorb calcium, and the central bone space is emptied,
while the bone grows externally toward the cortex/periosteum (Gilbert 2000).

A balance is maintained between osteoblast and osteoclast activities, under the
influence of minerals (sulfur, calcium, phosphates, magnesium, selenium, strontium,
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and zinc) and the vitamins D, B9, and K. This balance is also regulated by hormones
(including pituitary, growth and parathyroid hormones); as well as glucose, cortisol,
and the important osteoproteins. Vascularization of the bone leads to the blast/clast
equilibrium, producing normal bone architecture. A disturbance in the blast/clast
equilibrium can lead to osteopenia or osteoporosis if there is excessive osteoclastic
activity, while reduced osteoclastic activity can lead to osteopetrosis.

Pathology of Famine Osteopathy

The effects of famine could result in either cortex trabecular decalcification or
diminished osteoid/matrix formation, which then leads to rickets in children or
osteomalacia in adults.

The Acute Effect of Famine on Bone Metabolism

The acute clinical signs of famine were detected in most tragic circumstances during
WWII in the Warsaw Ghetto where over 200,000 people were incarcerated, with
decreasing food supply which progressively diminished.

Teaching was considered unnecessary and was forbidden by the occupying
authorities, but permission was given for a Medics Course for Prevention of Epi-
demics, which was transformed into a clandestine Medical School, conducted within
the confining walls of the Ghetto. The faculty was comprised of 27 detained pro-
fessors from various Polish universities. They conducted the teaching of medicine
and also research into hunger. The preclinical studies were conducted in makeshift
laboratories, while the clinical studies were conducted within six hospitals with
mainly nocturnal lectures. The results of the research on hunger physiology were
recorded with remarkable accuracy given the circumstances, and were smuggled out
or buried in metal containers. These “archived” records were recovered after the war
by the five surviving teachers, formulated into a book and published initially in
Polish then in French, and finally in the USA, with commentaries by the Columbia
University staff in New York (Winick 2005).

The researchers commented on the effects of hunger on metabolic pathways, as
well as on cardiac, renal, pulmonary, and hormonal activities. They also described
the softening and bowing of bones and the loss of bone fracture healing, making
surgery impractical. Osteomalacia and osteoporosis were documented on autopsies
performed on swollen, edematous children, abandoned and left dying on the streets.
This was a rather rapid effect of inanition, the second effect of famine, which often
progressed to the third effect — fatality. Histology obtained from autopsies showed
the replacement of bone marrow with connective tissue, with a few myelocytes and
chondrocytes remaining.

“Scientifically it still remains the most detailed study of semi-starvation ever carried out. It
has had a profound influence on the way we treat this disease.” Winick 2005
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The Chronic Effect of Famine on Bone Metabolism

According to the 1962 classification of Casuccio, which is still applicable today,
osteoporosis develops in several ways (Casuccio 1962). These are:

(i) Primary osteoblastic deficiency, which may be congenital (osteogenesis
imperfecta)

(i) Reduced osteoblastic activity in the absence of trophic stimuli (inactivity,
ovarian agenesis, testicular agenesis, menopause)

(i) Reduced osteoblastic activity from inhibitory stimuli (Cushing’s disease,
excess adrenocorticotrophic hormone (ACTH), thyrotoxicosis)

(iv) Normal osteoblastic activity, but insufficient bone construction material (due to
malnutrition, disturbances of the digestive system, insufficiency of vitamin C,
diabetes, thyrotoxicosis, cortisone, ACTH, stress, Cushing’s disease)

In view of recent developments in the late twentieth century, the above classi-
fication requires an additional category, namely:

(v) Fetal programming as a mechanism of osteoporosis development

Development of the Theory of Fetal Programming

The relationship of the theory of fetal programming to adult metabolic disease was first
identified in the 1980s, after initially being analyzed from a pediatric perspective. The
theory of fetal programming is often referred to as “The Barker Hypothesis” as the
epidemiologist Dr David Barker initially identified a direct link between prenatal
nutrition and late-onset coronary heart disease in poor areas of England (Barker and
Osmond 1986). This theory has since been expanded to include additional conditions,
with evidence of increased risk of stroke, hypertension, and diabetes due to impaired
growth and development during fetal life and infancy (Barker et al. 2009; Barker 1997).
Soon, the theory was extended to include skeletal pathology, with the risk of developing
osteoporosis later in life being linked to undernutrition in fetal or early postnatal life
(Cooper et al. 2000). The use of rat models showed the effect of altered nutrition in utero
on bone biochemistry and strength, supporting the importance of the intrauterine
environment on skeletal growth and later disease incidence (Lanham et al. 2008a, b).

Intrauterine Starvation and Bone Metabolism

It is unknown at what point in development the effect of starvation influences adult
human development. However, epidemiological reviews have provided evidence that
adult musculoskeletal conditions may be founded in the intrauterine period (Blyth et
al. 2009). There is also evidence that epigenetic changes may affect placental transfer
of nutrients, including calcium and vitamin D (Bocheva and Boyadjieva 2011).

In the 1990s, Cooper and associates developed the theory that compromise of the
early stages of bone development due to reduced provision of nutrition, minerals,
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Fig. 5 Bone architecture seen in transverse cross-section (a) normal bone architecture. (b) osteo-
porotic bone. Note scarcity of bone trabeculi (computer design by author, GMW)

Fig. 6 Histology of normal and porotic bone

and growth factors could lead to changes in bone metabolism in adults.(Fall et al.
1998; Gale et al. 2001) The pathogenesis of osteoporosis was determined and a role
was attributed to intrauterine programming (Cooper et al. 2000).

Further descriptions were published giving clear confirmation of the bone meta-
bolic aberrations that result from intrauterine macro- and micronutritional depriva-
tion (Weisz and Albury 2014, 2016). It was proven that even with the “catch-up
phenomenon,” whereby normal nutrition is achieved, not all bones achieve normal
developmental growth (Weisz and Albury 2013; Weisz et al. 2012). Regardless of
the mechanism, the end result is low bone tissue density, i.e., osteoporosis (Figs. 5
and 6). Famine therefore affects neonates, children, adolescents, and early adult life.

The Famine-Related Metabolic Bone Diseases
Rickets and Osteomalacia
The childhood form of osteomalacia, or rickets, is a condition resulting from a lack

of vitamin D, which is essential for calcium absorption and bone mineralization. It is
the result of a lack of ultraviolet sun ray exposure and of malnutrition. Vitamin D is
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present in an inactive form in the skin and is partially activated by ultraviolet rays, a
process completed in the liver and essential for the absorption of calcium and
phosphates in the small intestine. Vitamin D, calcium, and phosphate are all neces-
sary for calcification of the osteoid matrix of the bone tissue. Paradoxically, during
starvation it has been observed that bone marrow adipose tissue increases and
contributes to the weakening and softening of the bone and the lack of ability for
fractures to heal (Devlin 2011).

Nutritional rickets may result from a lack of ingestion of eggs, fish oil, milk, or
margarine; none of which are available in famine-affected areas, in squalors or
natural disaster areas, and in prisons, ghettos, or concentration camps. The effect
in childhood is on the epiphyseal growth area of the bones, which becomes low or
completely devoid of matrix calcification, and the bone has no lateral expansion. In
rickets, joint pain and swelling is clinically apparent, most evident at the wrist and
ankle. Also apparent is the obvious lack of growth of long bones, spinal deformities,
and bowing of long bones with fractures at the ends. Radiology of the lower ends of
the radius and ulna shows cupping and fraying of the metaphysical regions. Blood
tests reveal low levels of vitamin D and calcium. Histologically, unmineralized areas
of matrix, surrounded by mineralized trabeculae, are detectable.

Osteomalacia, the adult form of induced-metabolic bone disease, resulting from
lack of vitamin D has similar clinical joint signs. The histology is also similar,
namely islands of unmineralized osteoid areas (Fig. 7).

Vitamin K Deficiency

Vitamin K was discovered incidentally in 1929 by Henry Dam in Denmark and was

published as the K-oagulation vitamin in 1934 (“K” is derived from the German

word “koagulation”); it was further chemically identified by E.A. Doisy. Both

scientists were awarded Nobel Prizes in 1943, which were collected postwar in 1946.
Vitamin K consists of a group of three protein components:

(1) Vitamin K2, the most potent, has subtypes MK4 and MK7 (menaquinones).
While absorbing calcium, MK4, and MK?7 activate the osteoid in the matrix of
bone by enzymatic carboxylation.

(i1) Vitamin K1 (or Matrix Gla protein) is protective against arterial wall calcifica-
tion and cartilage ossification.

(iii) Vitamin K3 (or Protein S) promotes coagulation and its deficiency leads to
childhood osteopenia and vertebral osteoporosis (Figs. 8 and 9).

Vitamin K deficiency leads to early intrauterine or early postnatal epiphyseal
ossification (detectable by ultrasound), which may cause adolescent osteoporosis of
the long bones and vertebrae, and also lead to early adult arterial wall calcifications.
The early adult arterial wall calcification is paradoxically paralleled by osteoporosis.

The syndrome of vitamin K osteopathy is due to either malnutrition or malab-
sorption. This hemorrhagic syndrome, catastrophic during the early fetal intrauterine
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Fig. 7 Histopathology of
osteomalacia showing islands
of noncalcified bone

Fig. 8 Osteogenesis — the roles of Vitamin K and D in bone formation (Prepared by author,
G. M. Weisz)

period, is at times also present in adults. Although vitamin K was discovered in
1929-1930, the osteopathic syndrome was only described in the late twentieth
century and in more detail in the twenty-first century.

The condition is a famine-related syndrome that is typically found in regions
affected by famine. The interplay between the three most important components of
bone metabolic health: calcium, vitamin D, and vitamin K often occur together in
communities affected by hunger (Dam 1946; Zetterstrom 2006).
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Fig. 9 The role of menaquinone 7 (MK-7) in bone formation (Prepared by author, G. M. Weisz)

Folic Acid Deficiency and Skeletal Malformations

Nutritional deficiency of folic acid leading to anemia was studied in 1930 by Lucy Wills
in the subcontinent of India. Wills observed the high frequency of neural tube anomalies
(NTA): spina bifida, meningocele, myelomeningocele, and also cranial abnormalities
such as facial split, hydrocephalus, and anencephaly (Hoffbrand and Weir 2001).

Perhaps the geographical distance of the publication (in the Indian Journal of
Medical Research) caused the considerable delay in recognition of this important
observation in Western Medicine. Indeed, it was not until the late twentieth century
that research in the UK, Europe, and the USA was directed towards understanding
the interdependence of folate and NTA.

Numerous publications described the correlation without being definitive about a
direct causal relationship (Smithells et al. 1976, 1977). It was in 1988, in Western
Australia, that Bower and Stanley established a definite causal relationship (Bower
and Stanley 1989). In the 1980s, it was the contribution of Wilson (Wilson et al.
2003), Smithells (Smithells et al. 1980), Schorach (Schorah et al. 1983), Laurence
(Laurence and Campbell 1981; Laurence et al. 1981), and others that raised aware-
ness of the relationship between folate (vitamin B9) and NTA. This was followed by
an authoritative editorial in The Lancet in 1991 (MRC Vitamin Study Research
Group 1991), further reinforced in a detailed monograph by Bannister (Bannister
and Tew 1991). In 1996, the mechanism of pathogenesis resulting from folic acid
deficiency and the parallel increase in homocysteine was suggested by Rosenquist
(Rosenquist et al. 1996). In 1998, the Academy of Pediatrics, USA, determined the
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Fig. 10 Spina bifida
meningocele and
myelomeningocele (Drawn by
author, G. M. Weisz)
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prophylactic, preconception, primary, and secondary treatment for recurrent cases
and this was further reinforced by the Royal College of Obstetricians
& Gynaecologists, UK, in 2004 (Clarke 2004; Evans et al. 2004).

The pathology of folate deficiency is anemia, fatigue, gastrointestinal disturbances,
hearing loss, and cardiac anomalies. The impact on development of the central nervous
system ranges from asymptomatic, to moderate, to catastrophic. The neural canal, an
invagination of the ectoderm, develops into the spinal canal to be closed posteriorly by
pedicles and laminae. This will form a tube containing the dural (neural) sac, with the
spinal cord, from the base of the skull to lumbar two vertebral level and containing the
cauda equina nerve conglomerate down to the sacral canal.

Failed closure of the tube leaves the L4-5 and sacral areas open most frequently,
exposing the nerves to external pressure. This spina bifida is not infrequent, is mostly
asymptomatic, discovered incidentally, and at times covered by a hairy formation
over the regional skin area. A more serious cystic bulging may emerge externally, the
meningocele and occasionally with nerve content, the myelomeningocele. Surgical
correction is possible at times leaving neurological signs of paresis, paralysis,
sphincter incontinence, and erectile dysfunction (Fig. 10).

Nutritional folate deficiency is almost inexistent in developed countries, except
perhaps due to malabsorption following surgical excision. However nutritional defi-
ciency is present in famine hit areas of sub-Saharan and the East-Asian desert regions.

Metabolic Bone Disease due to Famine-Imposed Lathyrus
Ingestion

Mesenchymal membrane changes leading to osteoblastic malfunction and ending in
disturbed bone metabolism have been observed following the ingestion of toxic
substances, in a similar way to the teratogenic effect of thalidomide on limb develop-
ment and the effect of alcohol on the development of the corpus callosum in the brain.

The toxic effect of grass pea variants of Lathyrus sativus or Lathyrus odoratus was
known to Hippocrates and was also described by Ramazini in seventeenth century
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Modena. In Bavaria, it was forbidden to consume Lathyrus by the Duke of Wittenberg in
the eighteenth century, its availability was widespread in India in the nineteenth century.
Lathyrism was a condition reported in Spain during the Civil War in the 1930s.

During WWII, the ingestion of grass pea was imposed by the Romanian authorities
as the sole source of food in the Vapniarca concentration camp (Transnistria, Ukraine)
on a population of some 100,000 incarcerated people (Weisz 2016). On observing the
symptoms, an ingenious prisoner physician, Dr Arthur Kessler (1903—-2000), unlikely
to have had any former knowledge of this historical condition which did not exist in
Europe at that time, recorded some 1,800 patients with various degrees of paralytic
signs. This eventually forced the authorities to allow access to alternative food types.
Two hundred survivors of this camp were examined after the war in Tel Aviv’s Ichiloff
University Hospital (Cohn and Streifler 1981a, b, 1983) and together with the prisoner
physician’s notes, the condition was revived in the literature.

It was a group of Belgian researchers, led by Lambein, who eventually discovered
that the toxic compound in the grass pea was ODAP (L-amino acid alanine deriva-
tive), and was the cause of what became known as the complex condition neuro-
vasculo-osteo-lathyrism (Haque et al. 1996; Ngudi et al. 2012; Riepe et al. 1995).

The Pathology of Lathyrism

Neurolathyrism, a motor neuron disease of the thoracic spine, demyelination, and
degeneration of the anterior horn cells, was described clinically and reproduced
experimentally (Getahun et al. 2002; Belanger 1959). Changes were localized to the
thoracic cord using MRI studies. Neurolathyrism was characterized by symptoms
including wobbling, scissor walk, collapsing gait, spastic paralysis of the legs, and
incontinence.

Vasculo-lathyrism is characterized by fragility of blood vessels and connective
tissue, thrombosis, gangrene of lower limbs, and development of aortic aneurism.

Osteolathyrism results from ingestion of both lathyrus legume species, but mostly
L. odoratus, which influences bone turnover, softening the bone due to collagen
disease. Hemorrhage in the bone tissue is also observed, due to fragility of arterioli,
eventually developing into osteoporosis and frequent fractures. These symptoms occur
as a result of the second identified toxic amino acid (beta-amino-propio-nitrite),
promoting the formation of exostosis and development of kyphoscoliosis.

As an aside, it is interesting to recall the Spanish painter, Francesco Goya’s
graphic illustration of the crippled woman lying on the floor, in an early nine-
teenth-century print, with the title of Gracias a la almorta (Fig. 11).

Famine Osteopathy and the Medical and Legal Implications

Famine osteopathy is a conglomerate of metabolic aberrations resulting from nutri-
tional deprivation with a clear clinical symptomatology and distinct histopatholog-
ical features. The pathogenesis is clearly established. The outcome in general is
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Fig. 11 ‘Thanks to the millet
(grass pea flour)’, ca. 1810,
aquatint print by Francisco
Goya [public domain]

described as a benign, nonfatal condition, except for embryonic vitamin K defi-
ciency and lathyrism. The main malignant complication of the bone disease is major
fractures and their consequences.

In developed countries accepting immigrants and refugees from famine-hit coun-
tries, the medical community has an obligation to facilitate early detection of
metabolic deficiencies. The diagnosis should be based on clinical examination and
serum analysis for early detection of metabolic deficiencies, testing that (in the
Australian healthcare system) would cost less than $50.The respective health author-
ities also have an obligation to expedite treatment of any diagnosed conditions,
particularly in light of the fact that all diseases, except lathyrism, are curable.
Similarly, all the discussed metabolic bone diseases are preventable.

Hypocalcemia and Osteomalacia

The famine osteopathy induced by hypocalcemia, namely osteoporosis, is curable
with calcium supplementation or calcium-rich diet. Calcium is present in food such
as meat, eggs, and dairy products. The daily recommended intake is between 700 mg
and 1200 mg a day (as recommended by the National Institutes of Health, USA) a
dosage also accepted by the British Health Authorities and the Australian Dietary
Guidelines of the Department of Health, 2013. See Appendix A.1.

Rickets and Osteomalacia
In rickets and osteomalacia, mineral homeostasis can be achieved with double or

triple doses of vitamin D, namely up to 1000-2000 IU per day. It is a preventable and
treatable metabolic bone disease. The treatment is successful with the daily
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requirement of 50 nmol per litre and is obtained from ultraviolet skin exposure and
consuming milk products, meat, fish, and eggs (Munns et al. 2016).

Vitamin K Deficiency

Vitamin K deficiency requires consumption of 1 mg per day of vitamin K, although
less is required in childhood (around 90 mcg a day). Apart from bone health, supply
of the vitamin is beneficial in blood clotting and in prevention of arterial wall
calcifications. It is available from foods such as greens (turnip, spinach broccoli,
kale, etc.). It is also found in meat (chicken, beef), butter, and cheese, which is
unlikely to be available in the famine-ravaged regions. Deficiencies caused by
malabsorption and malnutrition are curable and preventable.

Folate Deficiency

The recommended dosages differ according to the severity of the pre-existing
condition. For those in the low-risk category (no prior case of neural tube defect in
the family of either parent), 0.4 mg folic acid a day starting 2 months preconception
(in a planned pregnancy) to be continued until the end of lactation is recommended.
In those with a moderate risk (with history of prior incident in either of the parent’s
family), the recommended daily dose increases to 1 mg a day, starting at three
months preconception and lasting until the end of lactation. For those at high risk
(previous child with NTA born to the same parents), the recommended dosage is
4 mg for the same period of time. Folates are readily present in meat, milk, and liver,
which are all rarely available in famine ravaged regions. Folates are also found in
green leaves, spinach, beans, turnips, etc.

Lathyrism

Lathyrism requires palliative treatment for instability, immobility, and/or inconti-
nence. Prophylactic measures were outlined at the “Workshop on toxiconutritional
neurodegenerations konzo and lathyrism,” held at Ghent University in September
2009. Various dilutions of the legumes by water bleaching reduce the toxicity of
ODAP. Combining grass pea with grain reduces the frequency of the condition.
Lathyrism is an incurable condition. However, the condition is preventable and
requires education of often illiterate and/or poorly educated people living in fam-
ine-ravaged regions of Asia (India, Nepal, Bangladesh) and in the Horn and Sub-
Saharan regions of Africa (Ethiopia, Sudan, etc.). Australian researchers intend to
improve the quality of grass pea crops by reducing ODAP toxin levels, thus making
this highly drought resistant and nutritious crop safe for human consumption in
drought-ravaged areas of the globe (Dixit et al. 2016).
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Policies and Protocols

Clinical examination and serum analysis for early detection of metabolic deficiencies
should be considered, particularly in immigrants and refugees who have been
exposed to famine.

Vitamin and mineral supplementation that could be considered in famine-exposed
areas, for prevention of deficiencies resulting in bone disease:

* Calcium (daily recommended intake is between 700 mg and 1200 mg)

* Vitamin D (1000-2000 IU per day)

* Vitamin K (1 mg per day)

* Folic Acid (0.4 mg per day during pregnancy and 2 months prior to conception)

Dictionary of Terms

* Lathyrism — Osteolathyrism occurs during times of famine when the diet is
predominantly reliant on Lathyrus species of legume (grass pea). Symptoms
include neurological symptoms and collagen cross-linking abnormalities leading
to weak bones and frequent fractures.

* Neural tube anomaly — Neural tube anomalies, including spina bifida and
anencephaly, may result from a diet deficient in folic acid during pregnancy.
This deficiency can affect the development of the brain and spinal cord.

» Osteoblast — Osteoblasts are cells which produce bone.

» Osteomalacia — Osteomalacia is a deficiency in the bone-building process resulting
in bone softening. Osteomalacia is usually a result of calcium or vitamin D deficiency.

» Osteoporosis — Osteoporosis is a condition in which bones become more brittle
and less dense due to a loss in minerals such as calcium. People with osteoporosis
have an increased risk of fractures.

* Rickets — Rickets is a bone disease occurring in infants and children usually
caused by a lack of vitamin D. Rickets results in soft, weak bones and may lead to
skeletal deformities, muscle weakness, and delayed growth.

Summary Points

* Famine affects an estimated 794.6 million people worldwide (2012-2014),
accounting for approximately 10.9% of the world’s population.

» Throughout history there have been opportunities to study the effect of starvation
and famine on populations including the Leningrad siege, the Dutch
Hongerwinter, and the Warsaw ghetto.

* In the Warsaw ghetto, one of the most detailed studies of starvation was
conducted by a group of imprisoned physicians. Severe food restriction led to
bowing of bones, osteomalacia, and osteoporosis in children with histological
evidence of bone marrow being replaced with connective tissue.
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» The risk of developing osteoporosis in later life has also been linked to undernu-
trition during the fetal period.

* During periods of famine, there is evidence that maternal epigenetic changes may
affect placental transfer of essential nutrients for bone development including
calcium and vitamin D.

* Osteomalacia, or rickets, is a condition resulting from a lack of vitamin D.
Vitamin D is essential for calcium absorption and bone mineralization, and its
deficiency may occur due to a lack of ultraviolet sun ray exposure or malnutrition.

» The interplay between the three most important components of bone metabolic
health, being calcium, vitamin D, and vitamin K, often occur together in com-
munities affected by famine.

+ Vitamin K deficiency can lead to intrauterine epiphyseal ossification and adoles-
cent 0steoporosis.

» Folic acid deficiency during pregnancy is a key risk factor for neural tube
anomaly development.

» Lathyrism due to famine-related dietary restriction to predominantly one food
type, the lathyrus legume species, can lead to osteolathyrism. Symptoms include
bone tissue hemorrhage, collagen disease causing bone softening, osteoporosis,
and frequent fractures.

All Metabolic Bone Disorders Resulting from Malnutrition Are
Preventable and All Osteopathies, Except Lathyrism, Are Curable

Daily Requirements (Nat Inst Health USA)

Calcium recommended dietary Vitamin D recommended dietary
Life stage group | allowance (mg/day) allowance (IU/day)
0-6 months a b
6-12 months a b
1-3 years old 700 600
4-8 years old 1,000 600
9-13 years old 1,300 600
14-18 years old | 1,300 600
19-30 years old | 1,000 600
31-50 years old | 1,000 600
51-70 years old | 1,000 600
51-70 year old | 1,200 600
females
71+ years old 1,200 800

“For infants, Adequate Intake is 200 mg/day for 0 to 6 months of age and 260 mg/day for 6 to 12
months of age
®For infants, Adequate Intake is 400 IU/day for 0 to 6 months of age and 400 IU/day for 6 to 12
months of age



166 G. M. Weisz and R. M. Hadfield

The British Nutrition Requirements

Reference nutrient intakes for vitamins (pg/day)

Age Vitamin B12 Folate Vitamin D
0-3 months 0.3 50 8.5-10°
4-6 months 0.3 50 8.5-10°
7-9 months 0.4 50 8.5-10°
10-12 months 0.4 50 8.5-10°
1-3 years 0.5 70 10

4-6 years 0.8 100 10
7-10 years 1.0 150 10
11-14 years 1.2 200 10
1518 years 1.5 200 10
19-50 years 1.5 200 10

50+ years 1.5 200 10
11-14 years 1.2 200 10
15-18 years 1.5 200 10
19-50 years 1.5 200 10

50+ years 1.5 200 10

Sources: British Nutrition Foundation 2016, Nutrition Requirements, Reference Nutrient Intakes
for Vitamins. https://www.nutrition.org.uk/attachments/article/261/Nutrition%20Requirements_
Revised%200ct%202016.pdf. Accessed 16 August 2017

Institute of Medicine of the National Academies, November 2010, Dietary Reference Intakes for
Calcium and Vitamin D. http://www.nationalacademies.org/hmd/~/media/Files/Report%20Files/
2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-D/Vitamin%20D%?20and%20Calcium
%202010%20Report%20Brief.pdf. Accessed 16 August 2017

“Safe intake
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Abstract

The Great Famine in Ireland between 1845 and 1852 was one of the worst health
calamities of the nineteenth century. In recent years, palacopathological analyses
of human skeletal remains from archaeologically excavated famine mass burials
from Ireland have revealed the physical impact of health deprivation due to
starvation and infectious disease. Vitamin C deficiency and tuberculosis were
two conditions that caused immense suffering during this period, and which are
observable in the skeletal remains of the victims of the Famine. The manifesta-
tions of these reveal aspects of physical exhaustion but also that of recovery.
Bioarchaeology — which is the study of human remains from archaeological
contexts — provides a unique insight how the human experienced famines in the
past. In the context of the Great Famine, it has provided means to acknowledge
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the lives of those who were lost and forgotten during a very dark and relatively
recent period in the history of Ireland.

Keywords

Bioarchaeology - Clones - Consumption - Infectious disease - Ireland - Kilkenny -
Mass burials - Mortality - Nineteenth century - Osteological paradox -
Palaeopathology - Vitamin C deficiency - Workhouse

Introduction

Health conditions in human populations change with societal transformations. This
occurred, for instance, alongside and following the agricultural transition about
10,000 years ago (Cohen and Armelagos 2013). An increasing dependency on
agricultural produce made populations more vulnerable to crop failures with famines
occurring as a consequence. Famines and human starvation are mentioned in some of
the most ancient literary sources in the world, such as, for instance, the Epic of
Gilgamesh dating to c. 2000-1400 BC (Geber 2015a). In addition to written sources,
archaeology also provides the means to study how these conditions may have been
expressed in past societies. A particularly valuable insight is gained from direct studies
of the people themselves, by assessing the evidence of disease and starvation through
bioarchaeological analyses of human bones and teeth. Using the most commonly
accepted definition, bioarchaeology is the study of human skeletons from archaeolog-
ical contexts in a broad anthropological sense that takes the social and cultural context
in which they lived into account (Buikstra 2006). By investigating how the skeleton
adapts to social, cultural, and ecological environments, bioarchaeology enables a
unique and direct insight into the living conditions people experienced. This insight
is yielded in particular from palaecopathological research, which aims to assess and
describe the evidence and consequence of disease in past societies.

While bioarchaeology and palacopathology have the means to detect the effects
and consequences of famine and starvation in past societies, it is only in recent years
that these topics have been studied (e.g., Beaumont and Montgomery 2016; Geber
2015b; Yaussy et al. 2016). A characteristic feature of famine, in general terms, is an
excess death rate that is leaning towards particular age groups and social levels of a
given population — namely, the weakest and most vulnerable such as the young, the
old, and the poor (O Grada 2009). This pattern is potentially discernable from a
contextual analysis of archaeological burial grounds and by assessing the mortality
profile of the dead (based on the estimated age-at-death) who were interred therein
(see Chamberlain 2006; Margerison and Kniisel 2002). The human skeletal response
to starvation is potentially detectable by observing elevated nitrogen levels (8'°N) in
bone and teeth collagen as a consequence of a prolonged period of severe malnutri-
tion that has resulted in the body attempting to regain energy by obtaining it from its
own protein tissue (Beaumont and Montgomery 2016). Likewise, sudden dietary
shifts due to the consumption of so-called “famine foods” may also be detectable
in stable isotope analysis of skeletal tissue (Beaumont and Montgomery 2016).
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In addition, the bone remodeling process might become altered and result in
decreased bone mass and osteopenia (Brickley and Ives 2008; Ortner 2003). How-
ever, in general death by famine and starvation is analogous with death by disease, in
particular, infectious ailments, but also metabolic diseases due to malnutrition. Most
infectious and metabolic conditions will not manifest skeletally, but when observed
in the human remains they provide the most tangible insight into the nature of
suffering disease for the people who lived before the advent of antibiotics.

Death by Famine: The Kilkenny and Clones Union Workhouse
Mass Burials

An intense level of suffering is evident from the skeletal remains of victims of the
notorious Great Famine in Ireland (1845-1852) that have been discovered during
archaeological excavations in recent years. Two such important discoveries are
the mass burial grounds at the former workhouse institutions in Kilkenny City in
County Kilkenny (Geber 2015b; O’Meara 2006) and Clones in County Monaghan
(O’Donovan 2012; Fig. 1). In both of these cases, the local awareness or archival
records relating to these mass burial grounds did not exist and they appear to have
been intentionally repressed from communal memory in the years and decades that
followed the Famine. A total of 970 skeletons were unearthed from the Kilkenny
mass burials and 35 individuals from Clones (Fig. 2). They constitute the remains of
individuals on the lowest rank of the social scale who were incarcerated in institu-
tions that through their very function exposed them to further demeaning treatment.
Although there are physical testimonies to a horrid period in Irish history, the
analysis and study of the remains has been able to bring some humanity and dignity
back to these people who were treated extremely badly in life, by telling their story
and acknowledging their lives and what they experienced in the final months leading
up to their deaths.

The Great Famine in Ireland — also known as the Great Hunger or An Gorta Mor —
has been described as “the greatest social disaster of nineteenth-century Europe”
(Eagleton 1995, 22). It is in terms of relative mortality outcome one of the worst
subsistence crises in human history (O Grada 2007). The Famine was the result of a
potato blight (Phytophthora infestans) that arrived in Ireland in the late summer
of 1845 and then quickly spread across the country (Zadoks 2008). A vast proportion
of the population, who were completely dependent on the potato crop for their
subsistence, suffered famine as a consequence. The estimated numbers of famine
deaths have ranged from about 800,000 to one million, which comprised over 10%
of the total population of Ireland at the time (Boyle and O Grada 1986; Cousens
1960). A great proportion of these, about 20% (c. 200,000), took place in the
notorious workhouse institutions (Guinnane and O Grada 2002). These establish-
ments (Fig. 3a), which were operating on the notion that only those “deserving” of
relief (i.e., the most desperate, impaired, and critically ill) would be allowed access,
were operating under severe financial and logistical strains during the Famine period
(O’Connor 1995, 121-143). Originally intended to provide accommodation for



174 J. Geber

Donegal

| X
Leitrims Fermanagh 7

(CLONES
L]

< Managhan/

Y Armagh|

\Roscommon & PO o
.[ MEnon Longford!

. Carlow *, o .
sperary E.lLKEgNY

\Kilkenny ;

" Waterford

Fig. 1 County map of Ireland, with the geographic locations of Kilkenny and Clones. Based on
template by Alan O’Rourke (©www.toodle.com), used by permission

80,000-100,000 people across all of Ireland (Kinealy 2006; O’Connor 1995), by
September 1849, about 250,000 were dependent on indoor relief (Donnelly 2001).
Overcrowded conditions meant that the spread of infectious disease became rampant
and the mortality rates were exceptionally high. This, in turn, resulted in consider-
able logistic (and economic) difficulties relating to the burial of the dead, who in
many places were interred in non-consecrated grounds, in mass burials, with no
ceremony (Geber 2012).

The Kilkenny Union Workhouse (Fig. 3b) opened in April 1842 and was built to
accommodate 1,300 inmates. During the Famine, however, the institution became
severely overcrowded, developed into a hotspot for infectious disease, and there
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Fig. 2 In-situ photographs of skeletons of victims of the Great Irish Famine at the Kilkenny and
Clones Union workhouses. (a) The remains of a 2-3 year-old-child (left) and an older adult
(>46 years) female (right) buried at the Kilkenny Union Workhouse (Photo: Margaret Gowen &
Co. Ltd). (b) The skeleton of an adolescent aged approximately 13 years at the time of death from
Kilkenny (Photo: Margaret Gowen & Co. Ltd). (¢) The burial of an older adult (>46 years) female
from Clones Union Workhouse (Photo: Edmond O’Donovan & Associates)

were mass deaths as a result. Between August 1847 and March 1851, inmates were
buried in mass burials within the grounds of the workhouse at the back of the
establishment, a short distance from the infirmary block (Geber 2015b). A similar
situation appears to have taken place at the union workhouse in Clones. Mass burials
adjacent to where the boundary wall and the mortuary building of the institution
once stood were discovered in 2012, and the dead had, just as in Kilkenny, been
interred by being placed in the graves on top of each other (O’Donovan 2012). The
workhouse in Clones first opened in February 1843 and was constructed to provide
relief for 600 inmates (O’Connor 1995). In June 1849, however, over 1,600 people
were dependent on indoor relief in Clones, and hundreds of people were housed at
auxiliaries at various locations in the town and its vicinity (MacDonald 2000).

Suffering the Great Irish Famine: The Palaeopathological
Evidence

It is not possible to determine the direct cause of death of the individuals who were
interred in the Kilkenny and Clones mass burials from their skeletons, but the
historical sources reveal that it was most likely due to infectious disease (Census
of Ireland Commission 1856). These were generally described as “famine fever” and
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Fig. 3 (a) The general layout of the typical Irish union workhouse institution, as designed by the
English architect George Wilkinson (1814—1890) (Source: 5th Annual Report of the Poor Law
Commissioners, Appendix no. 10). (b) Aerial photograph of the Kilkenny Union Workhouse, when
the buildings functioned as a depot for the Kilkenny County Council during the 1960s (Source:
Kilkenny County Library, Local Studies, courtesy of Karyn Deegan)

would have included conditions such as typhoid, typhus, and relapsing fever (Mokyr
and O Grada 2002). Infectious diseases spread quickly across Ireland during these
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years, as the population was weakened by severe malnutrition and starvation. The
highest famine-induced mortality was seen in the winter of 1846 and 1847 when an
epidemic of typhus — and other diseases — tragically resulted in the deaths of an
estimated 400,000 men, women, and children (Kinealy 1997, 79). The year 1847,
which would later be called “Black ‘47,” was the year when the highest relative
numbers of excess deaths were recorded in both County Kilkenny and County
Monaghan, as well as most of Ireland (Cousens 1960). It was during 1847 that the
intramural burial ground in Kilkenny was taken in use, and it is likely that the mass
burials discovered at Clones include interments of inmates who perished during this
specific period of mass mortality.

Vitamin C Deficiency

Pathological changes in the Kilkenny and Clones skeletons reveal that they suffered
from severe metabolic stress in the period leading up to their deaths. The most
evident of these were the widespread manifestation of osseous lesions indicative of
Vitamin C deficiency or scurvy. This debilitating and often extremely painful disease
became very common in Ireland following the destruction of the potato crop in the
1840s, and it would have been synonymous with the physical experience of the
Famine for those who suffered the most. Prior to the blight, the required daily
amount of Vitamin C that is required to sustain good health would have been more
than plentifully provided for by the potato (Crawford 1988). Scurvy was therefore
rarely encountered amongst the agricultural populace in Ireland prior to the blight,
and in the early years of the Famine it was often misdiagnosed (ibid.). To diagnose
scurvy in skeletal tissue is not straightforward, as many of the lesions it produces are
nonspecific and can occur in other conditions (Brickley and Ives 2008). What is
considered a virtually pathognomonic skeletal marker of scurvy is the manifestation
of porotic lesions at the site of the attachments of the masticatory muscles on the
temples of the skull (Fig. 4) and of the lower jaw, as well as abnormal porosity
around the sockets of the teeth (Fig. 5) and of the hard palate (Ortner et al. 2001;
Ortner et al. 1999). Layers of new bone may also form at the site of muscle
attachments elsewhere on the skeleton, i.e., the shafts of the long bones and on the
scapulae (shoulder blades) (Brickley and Ives 2008). These manifestations are the
result of hemorrhage, which in turn is linked to micro-trauma of soft and hard tissues
that is weakened due to impaired collagen formation in the body and the skeleton
(Ortner 2003).

Nearly 52% of all skeletons from Kilkenny and 29% from Clones showed
evidence suggestive of scurvy (Table 1). This is an exceptionally high rate in
comparison to other bioarchaeological samples that have rarely revealed crude
prevalence rates exceeding 5% (Mays 2014). The true rate of individuals suffering
from the disease in Kilkenny and Clones cannot be ascertained however; the skeletal
manifestation of Vitamin C deficiency is a paradox as it is only evident once some
Vitamin C has been reintroduced to the system. Without the vitamin, the osseous
lesions from which the disease is diagnosed skeletally cannot form (Brickley and
Ives 2008). The high rate of scurvy in both the Kilkenny and Clones is instead a
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Fig.4 Porotic lesions on the ectocranial surface of the greater wing of the sphenoid and the anterior
portion of the temporal bone on the right side of the skull of a 10-11-year-old child from the
Kilkenny Union workhouse mass burials. The lesions are indicative of micro-trauma affecting the
mastication musculature which in turn would have been a consequence of scurvy that affected this
child (Photo: Jonny Geber)

reflection of the desperately poor state of health these individuals would have
suffered prior to having been granted access to the workhouse institutions. They
evidently recovered from their scurvy — some Vitamin C would have been provided
from the daily meal rations in the workhouse — but due to a weakened immune
system they had little chance of surviving once they entered institutions ridden with
infectious disease (Geber and Murphy 2012). The skeletons are therefore a physical
testimony to the reality faced by many in Ireland during the Famine to either seek
admission in the union workhouses and risk death from infectious disease or avoid it
and risk death by starvation (Fig. 6). The social shame of entering the workhouse
would have forced many to the latter action. In other accounts, it was said that people
who had avoided the workhouses would ultimately seek relief when they were
nearing death. They might then, at least, be buried in a coffin (Cohen 2002, 125).
The manifestation of scurvy in these samples have allowed for a comparison of
how the disease is likely to have affected different sections of the population.
Palaeopathological scurvy is easier to diagnose in children, as the manifestations
of the disease are more evident in the growing skeleton. In adults, the changes are
more subtle and less evident, which explains why the adult prevalence is substan-
tially lower than the non-adult rate in both the Kilkenny and Clones samples. In the
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Fig. 5 Porous and porotic
lesions on the left maxilla (a)
and mandible (b), and around
the alveolar margins, of an
approximately 9-year-old
child from Clones Union
Workhouse, indicative of
scurvy (Photo: Jonny Geber)

Table 1 Prevalence rates of scurvy, diagnosed skeletally in victims of the Great Irish Famine from
the Kilkenny and Clones Union workhouses

Kilkenny Union Workhouse Clones Union Workhouse
Non-adults Adults Non-adults Adults
Vitamin C deficiency® | 60.8% [330/543] | 40.1% [169/421] |41.2% [7/17] | 16.7% [3/18]

See Geber and Murphy (2012) for information on how the diagnoses were quantified

child sample, lesions suggestive of scurvy are present in all the age groups, from
infants (<1 year) to adolescents (13—18 years). In adults (>18 years), it was most
commonly observed in the skeletons of males (Table 2), and in particular those of
taller stature (Table 3). This is an interesting observation, as it does indicate that
physical build and sex were factors that influenced the ability to cope with famine
stress. During the Irish Famine, it is estimated that the excess death ratio between
males and females was 1.1:1, and that about 37,000 more males than females died
(Boyle and O Grada 1986). The discrepancy in the rates of scurvy between the sexes
would imply that the Vitamin C deficiency in males was more pronounced than
females during the Famine, at least for the section of the population that were
admitted into the workhouse institutions. As stated above, scorbutic lesions in the
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Fig. 6 “The Famine in Ireland — Peasants at the Gate of a Workhouse.” Illustration of a scene from
Ireland in 1846 (Source: The Life of the Right Honourable William Ewart Gladstone, Volume 1, by
Smith 1880)

Table 2 The prevalence rate of lesions indicative of scurvy in skeletons of adult males and females
from the Kilkenny Union Workhouse mass burials

Males Females
Vitamin C deficiency® 50.9% [107/210] 29.6% [58/196]
H2(1) = 19.175, p = <0.001

Table 3 The difference in estimated living statures (mean) in scorbutic and non-scorbutic male and
female adults skeletons from the Kilkenny Union Workhouse mass burials

Scorbutic Non-scorbutic
Male statures (cm) (n = 186)* 172.23 (SD = 5.48) 170.43 (SD = 6.16)
Female statures (cm) (n = 159)° 159.00 (SD = 6.30) 157.88 (SD = 5.26)

(184) = —2.290, p = 0.023
°4(157) = —1.176, p = 0.241

skeleton will only be apparent once Vitamin C has been reintroduced to the diet,
which would have been the case once inmates had access to the diet provided for
them in the workhouse. At the Kilkenny institution, the quantities of the food rations
were the same for both males and females, and the higher nutritional requirement of
males was not taken into consideration. This may explain why the male rates were
higher. It would also explain why the taller built individuals in this sample appear to
have been more affected, as those of shorter stature would have had a lesser
biological requirement of the vitamin to sustain an adequate health status (see
FAO 2001). Recent research has also suggested that Irish males are genetically
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predisposed to develop scurvy compared to other populations (Delanghe et al. 2013),
and this possibility further highlights the complexity of the range of factors that
determined the outcome for those who suffered during the Great Famine.

Tuberculosis

While typhus, dysentery, and cholera were some of the infectious diseases that were
the main cause of death during the Irish Famine (Kennedy et al. 1999), they leave no
markers on bones. Other “famine diseases” on the other hand, such as typhoid fever,
small pox, and tuberculosis, are potentially manifested in the skeleton (see
Aufderheide and Rodriguez-Martin 1998; Ortner 2003), although it is only the latter
that leaves specific osseous changes. In the context of a famine, the likelihood of
detecting skeletal markers of these conditions is reduced due to the immediate death
and demise of those who are most affected; it is only in its most chronic state that
infectious disease affects the skeleton, and then in individuals who were “strong”
enough to survive the disease to such an advanced stage (this notion is generally
referred to as the “osteological paradox,” see Wood et al. 1992). The skeletal
manifestations of the infectious diseases that were observed in the victims from
Kilkenny highlight the extent of this suffering for only a few, but it indirectly suggest
the agony these diseases would have caused to thousands of people suffering the
Famine in Ireland in the middle of the nineteenth century.

Of the seven cases diagnosed as tuberculosis in the Kilkenny sample, six were
active at the time of death (Geber 2015b). Of these, three adults displayed vertebral
involvement, which was manifested as characteristic psoas abscesses of the vertebral
bodies in the lumbar spine. This pathological change, which is a typical skeletal
manifestation of the disease, can potentially result in severe back pain and eventually
spinal deformity with further negative health consequences (Garg and Somvanshi
2011). Two children, aged five to 6 years and 9 years, were affected by cranial
tuberculosis, which had resulted in large lytic lesions on their cranial vaults and
mandible. One adolescent female, aged between 14 and 17 years, was affected by a
severe active infection of the left hip joint, which was probably due to tuberculosis.
This is a common joint affected by the disease, especially in young individuals, and
can result in a considerable painful disability (Tuli 2016, 71-115). In addition, there
were 32 adults and 29 children from Kilkenny and Clones that displayed lesions on
the visceral surface (facing the lungs) of their ribs (Table 4). This is indicative of a
pulmonary infection and may potentially relate to tuberculosis (Kelley and Micozzi

Table 4 Crude prevalence rates of active cases of tuberculosis and rib lesions diagnosed skeletally
in victims of the Great Irish Famine from the Kilkenny and Clones Union workhouses

Kilkenny Union Workhouse Clones Union Workhouse
Non-adults Adults Non-adults Adults
Tuberculosis 0.6% [3/545] 0.7% [3/425] 0.0% [0/17] 0.0% [0/18]

Rib lesions 5.8% [28/479] 9.3% [32/343] 12.5% [1/8] 0.0% [0/7]
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Fig. 7 Photograph (a) and radiograph (b) of the arm bones of a 5—6-year-old child from the
Kilkenny Union Workhouse. The bones are severely affected by osteomyelitis caused by
tuberculosis

1984; Roberts et al. 1998), although a definite diagnosis based on these osseous
lesions alone is not possible (Mays et al. 2001; Rogers and Waldron 1989).
Tuberculosis in children has a different skeletal manifestation than in adults. One
gross deformity which is more commonly observed in their skeletons in chronic
cases of tuberculosis is osteomyelitis. This condition, which is a severe infection that
affects the bone marrow and bone cortex, was observed in a 5- to 6-year-old child
(Fig. 7). This individual also displayed evidence of a bilateral pulmonary infection
(probably tuberculous) and Vitamin C deficiency. Osteomyelitis is, however, not
exclusively associated with tuberculosis, and in the context of these skeletons,
typhoid fever is a condition that also needs to be considered. Typhoid osteomyelitis
is generally more common in children than in adults, with a multifocal manifestation
that often attacks the ribs, tibiae, and spine (Adler 2000, 154; Aufderheide and
Rodriguez-Martin 1998, 191). This possibility highlights the likelihood that the
experience of famine and starvation in Ireland during the 1840s and early 1850s
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involved comorbidity of conditions, and whatever ailment that ultimately caused the
death of those who died was only one of the many illnesses suffered at the time.

According to Steinbock (1976, 175), tuberculosis is only detectable in the bones
and joints of approximately 5—7% of those who suffer the disease, and it would then
only appear when it has reached a chronic stage. Other authors have suggested that
the percentage is much lower, from 1% to 3—5% (see Roberts and Buikstra 2003,
89). The skeletal evidence, as observed in the bones of the workhouse inmates
assessed in this study, is, therefore, likely to be a drastic underrepresentation of the
true prevalence of the disease in these two population samples. Tuberculosis was not
an uncommon disease in Ireland before the Famine, far from it (see Breathnach and
Moynihan 2011; Jones 2001). As in most parts of the world, the disease was
associated with poverty and poor living conditions (Roberts and Buikstra 2003).
The deteriorating health conditions due to malnutrition and living conditions during
the Famine, however, meant that the disease took hold on a much broader level, and
it caused approximately 107,200 deaths in Ireland between January 1846 and the
end of March 1851 (Census of Ireland Commission 1856, 661). According to the
1851 Census, it was the fifth most common cause of death (excluding natural causes
due to old age) in the Irish union workhouses between January 1846 and the end
of March 1851, with 10,377 individually recorded deaths attributed to the disease
(ibid., 116-117).

Perceiving of the Impact of the Great Irish Famine

Between 1841 and 1851 Ireland saw a population loss of almost 20% (Kennedy et al.
1999) that was approximately equal parts the result of famine-related deaths and
emigration. It is a tantalizing thought to consider what Ireland was like immediately
after the subsistence crisis had ended, and how people coped with adjusting to a post-
Famine society. In some places, whole local communities had been destroyed
(Kinealy 1997). Expressions of rural Irish folk culture, such as the use of Irish
language, which at the time was viewed as an expression of inferior and of low social
status, declined more rapidly than it had done previously, and it would eventually be
largely lost as a consequence (Hindley 1990). The Irish rural landscape must have
been perceived as completely desolate in places; an emptiness and silence that
marked a striking contrast to what had been before. There does also appear to
have been a silence in terms of what experiences and witness accounts were
preserved in communal memory (see O Grada 1999, 194-225; O Grada 2001). It
is clear that selective memories were in place — much of it was probably relating to
the social shame of poverty, and that some stories were never told or passed on to the
following generations. This evidently occurred at Kilkenny and Clones, where the
location and awareness of the mass burials adjacent to the workhouse institution
were eventually forgotten.

There is a vast collection of contemporaneous written sources relating to the
Famine, from government reports and newspaper articles to recorded witness
accounts and folklore. But these sources also have limitations, and they rarely give
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an ample insight into the experience of the Famine from the perspective of those who
were worse off and of those who vanished. While these people may not be that
visible in the written records, the traces of their lives are present in the archaeological
record — in the Irish landscape itself through the environment in which they lived and
the fields in which they worked, to the remains of the cabins in which they lived. And
they are physically present in the burial record, which occasionally is discovered in
Ireland during archaeological excavations prior to road or building developments
(Geber 2015b, 1-10). The potential of using archaeology to expose this dark period
in Irish history has been recognized for a long time (see O’Sullivan 1997; Orser
1996), but it still remains a largely unexplored research topic. Ireland’s Famine
heritage is of international significance; it tells not only the story of Ireland and the
nations to which hundreds of thousands of people were forced to flee to, but it is also
the story of the ultimate consequence of a strictly hierarchical society and social
injustice in nineteenth-century Europe and elsewhere. The people who died in
the Irish Famine were primarily those who had lived on the social margins, and
they tend — as a consequence — to be largely invisible in the historical records.

One of the most invisible population subgroups in the historical sources are the
children. However, in the bioarchaeological record from this period they are the most
apparent, particularly in Kilkenny where 56.2% of all 970 individuals interred in the
mass burials were aged less than approximately 18 years. The largest age group of
these comprised of young children (n = 239) aged between 1 and 5 years of age at
the time of death (Geber 2015b). This fact highlights an aspect of Famine history
which tends to be forgotten: the impact it had on the youngest generation. While it is
well-known that children would have comprised over half of all the victims of the
Great Irish Famine (see Boyle and O Grada 1986), their story is still largely untold
(see Geber 2014, 20164, b; Jordan 1998). Even for those who survived, the long-
term consequences of having experienced a childhood during the Famine should not
be underestimated (see Galler and Barrett 2001; Lumey et al. 2011). For a child (and
even fetus) to have experienced malnutrition and severe health deprivation would
have resulted in a negative effect on their physical growth and eventually physical
health as an adult, as well as possibly their cognitive and behavioral development
(see Walsh 2012, for a discussion on the potential increase in schizophrenia during
the second half of the nineteenth century in Ireland, as a consequence of in utero
stress during the Great Famine). In that sense, the Famine may have affected the Irish
population beyond the substantial social, political, economic, and cultural conse-
quences that have been discussed by numerous historians and other famine scholars
(e.g., Ell et al. 2014; O’Rourke 1994; Smith 1993; Stout 1996; Whelan 1995).

Acknowledging Lives Lost

The human reality of the Great Hunger, as indicated from the bioarchaeology of its
victims, gives a direct insight into the calamity which is unique in famine studies.
The extensive manifestation of skeletal lesions indicative of Vitamin C deficiency
and scurvy does not only confirm the historical accounts of the period of the
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widespread occurrence of a painful and debilitating disease, it also allows an
insight into how the condition affected different sections and members of the
population. The extent and severity of the skeletal lesions caused by tuberculosis
give a similar insight. Death by famine in Ireland during the second half of the
1840s and early 1850s would have been extremely painful. Those who perished
experienced levels of suffering and privation that are probably too difficult to fully
comprehend today. The archaeological discovery of the mass burials at Kilkenny
and Clones have provided a poignant reminder of a very dark period in the
relatively recent history of Ireland, which not only relates to the apparent hardship
that people endured during the Famine but also the demeaning manner in which the
poor and the lowest social strata were treated by contemporaneous Victorian
society. In both Kilkenny and Clones the local community expressed a sincere
concern and wish for the remains to be returned to their parish and respectfully
reinterred after the scientific analysis of the skeletons had been completed. These
reburials took place in May 2010 and March 2014, respectively. In Kilkenny and
Clones, the rediscovery of these burials have enabled the story of these people to be
told, their lives to be acknowledged, and for them to have finally been given
dignified treatment in death.

Policies and protocols

The skeleton adapts and responds to biological, environmental and cultural factors
(Larsen 2015). Bioarchaeology assess morphological features in the skeleton and
employ metrics to determine and estimate sex, age at death, physical built and assess
evidence of disease and trauma in ancient human remains. With this information, and
interpreted in the cultural and social context the once living population the human
remains derive from, the discipline attempts to reconstruct how life was experienced
by the people who lived in the past. The historical records relating to the Great Irish
Famine of the 1840s and early 1850s are extensive, however, it often lacks to provide
insight of those who suffered most from this catastrophe. Recent bioarchaeological
research of the Great Irish Famine has enabled a unique historical perspective of the
human experience of famine and starvation. While the historical and archival
records—almost all written by the societal élite or middle classes—enable historians
to gain a detailed insight into the social construct of mid-nineteenth-century Ireland,
the skeletons of the people of the labouring “lower” classes who lived during this
time are able to tell their stories from their perspective. The physical experience of
disease, malnutrition and physiological stress can be discerned from their bones and
teeth. The high prevalence of skeletal evidence of scurvy has, for instance, revealed
the great level of suffering endured before people were granted access to the
notorious workhouse institutions. Males suffered from scurvy to a greater degree
than females, possibly due to a relatively lesser and inadequate intake of nutrients as
they biologically required. Infectious diseases, such as tuberculosis, are likely to
have been much more prevalent than what the skeletal evidence suggests. Few
people who experienced famine and starvation would have survived an infectious
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disease long enough for it to manifest itself on bone tissue. Social and cultural
context is therefore of essential importance when studying famine and starvation
from human skeletal tissue, in both past and present societies. The archaeological
research of the famine-period mass burials at Kilkenny and Clones has highlighted
the importance of recognising human skeletons from archaeological contexts
as remains of people, of individuals; men, women and children with names and
personalities who lived and worked in the very landscape that people and commu-
nities call home today. Archaeological discoveries such as these enable comm-
unities to make an emotive connection to a very poignant and difficult past. This
was a past that for a very long time was ignored, not talked about and eventually
forgotten. About one million people are believed to have perished as a consequence
of the Great Irish Famine. The bioarchaeology of the Kilkenny and Clones
Union Workhouse mass burials has enabled the stories of some of these people to
be told.

Dictionary of Terms

* Bioarchaeology — The study of ancient or historic human remains from archae-
ological contexts, which takes social, historical, and cultural frameworks into
account.

* Mass burials — Multiple interments of corpses within a single grave, which are
generally occurring during catastrophic mass mortality events.

* Osteological paradox — The idea that the skeletal evidence of disease and health
in bioarchaeological samples represent a paradox, as pathological conditions
in bones may only be evident in “healthy” individuals who have survived long
enough for these manifestations to occur. As a consequence, the skeletons of
“unhealthy” individuals who died during the early onset of an infection may
display no evidence of disease at all.

» Palaeopathology — The study of disease in the past from the analysis of ancient
or historic human remains.

* Victorian — A term relating to the historical era between 1837 and 1901 which is
defined by the reign of Victoria (1819—1901), Queen of the United Kingdom of
Great Britain and Ireland.

* Workhouse — A house of industry, which in Britain and Ireland related to social
policies deriving from the enactment of the British and Irish Poor Law Acts of
1834 and 1838, where government-aided relief to the poor in terms of basic
shelter and food were given in exchange of hard and often degrading labor. The
living conditions in these institutions were notoriously harsh and intentionally
kept to a low standard to “encourage” those in need of help to avoid seeking
“indoor relief” and thereby be forced to improve their situation by themselves.
Access to the workhouses was determined by a range of set criteria that were
intended to ensure that only those that were considered most destitute, desperate,
and of immediate risk of death were granted access.
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Summary Points

+ Starvation and famines are of great antiquity in human history.

* Bioarchaeology — the study of archaeological human remains — provides unique
insights into how famine affected human societies in the past.

* In recent years, skeletal remains of victims of the Great Irish Famine have been
discovered in mass burial grounds associated with workhouse institutions across
Ireland.

» The skeletal evidence of scurvy is a direct reflection of the impact the potato
blight — which was the principal cause of the Irish Famine — had on the physical
health on those who died.

» Skeletal manifestations of scurvy are only apparent during the convalescent or
healing stages when Vitamin C has been reintroduced to the diet.

* The so-called “osteological paradox” will result in low rates of infectious disease in
human skeletons, as death by infectious disease during a famine is relatively rapid and
skeletal manifestations of infectious disease generally only occur in chronic cases.
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Abstract

The Barker hypothesis proposed that adverse nutrition in early life, including
prenatally as measured by birth weight, increased susceptibility to the metabolic
syndrome which includes obesity, diabetes, insulin insensitivity, hypertension,
and hyperlipidemia and complications that include coronary heart disease and
stroke. Periods of rapid postnatal growth associated with high-energy intake seem
to be risk factors, along with a high-energy western diet. Theories proposing the
mechanism of this association include the thrifty gene, bet-hedging, fetal predic-
tive adaptive response, and drifty phenotype hypotheses. The cause of metabolic
syndrome is likely to be multifactorial, with many nuclear DNA and cellular
RNA sequences acting in concert with environmental influences.
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Epidemiological data in humans and experimental data indicate that trans-
generational epigenetic inheritance is a possible mechanism where a history
of starvation or deprivation during early life is seen in a grandparent
and transgenerational effects are seen in their grandchildren. It remains to be
seen whether this is mediated by heritable RNA sequences, or by acquired,
possibly mosaic mutations in DNA coding for example for regulatory
RNAs. Recent research has raised the possibility that the nature and quantity
of gastrointestinal microorganisms (microbiota) can be modified by diet
and conversely can modify an animal’s metabolic program. As the microbiota
is inherited largely from the mother, modification of her nutrition, health
before and during pregnancy, and mode of delivery could influence the child’s
microbiota, introducing further potential avenues to improve the prevention,
reduction of complications, and treatment of malnutrition and metabolic
syndrome.

Keywords

Barker hypothesis - Thrifty phenotype - Genotype - Fetal programming -
Intrauterine malnutrition - Epigenetic inheritance - Somatic mutation -
Microbiota - Gastrointestinal microorganisms - Developmental origins of health
and disease

List of Abbreviations
siRNA Small or short targets messenger RNA (mRNA) of specific

interfering RNA sequence for inactivation or degradation

miRNA MicroRNA small noncoding RNA 22 nucleotides long
which regulates gene expression by targeting
mRNA

XIST X-inactive specific a gene located on the X chromosome that en-

transcript codes RNA, which inactivates the same X
chromosome

The Barker hypothesis proposed that obesity, hypertension, hyperlipidemia, and type
2 diabetes, combinations of which have been called the metabolic syndrome (Hales
and Barker 1992), were associated with malnutrition or some other cause of growth
restriction during early development, if there was later exposure to a high-energy diet
(Fig. 1). The deleterious effects of rapid “catch-up” gain in weight during early
childhood were observed later. More complex multifactorial contributors to the
syndrome could include the relationship between nutrition during pregnancy, mater-
nal metabolic status, and the socioeconomic and even psychosocial status of the
mother and child (Barker 2002). There was an inverse correlation between birth
weight and the severity of several measures of the metabolic syndrome. Barker based
his hypothesis on epidemiological research by his unit and elsewhere. Some areas of
Norway had a high prevalence of poverty in the past, associated then with a
relatively high child mortality rate and poor nutrition (Forsdahl 1977). Although
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these areas became as prosperous as the rest of the country and their child mortality
dropped to the national level by the 1970s, adults exposed to poverty in early
childhood had an increased incidence of heart disease compared to those living in
areas that had always been prosperous.

Based on epidemiological studies correlating birth weight with components of
the metabolic syndrome that developed in adulthood, Hales and Barker proposed
that fetuses survived malnutrition by irreversible adoption of a thrifty phenotype,
which they called the fetal programming or thrifty phenotype hypothesis (Hales
and Barker 1992) and later broadened to developmental origins of health and
disease (Gillman 2005). Studies of adults who were subjected to a variety of causes
of intrauterine growth retardation or restriction confirmed a relationship between
reduced birth weight and adult metabolic syndrome (Varga et al. 2010). By limiting
the growth or function of some organs such as the kidneys, liver, and pancreas that
were inessential to immediate survival and adopting a state of insulin resistance,
crucial glucose or other limited energy supplies would be diverted to the heart and
brain which were crucial for survival, so the fetus survived the period of malnu-
trition. The irreversible reduction of hepatic, pancreatic, and renal size and/or
function was assumed to be chosen by the fetus as a protective mechanism in
response to malnutrition. This would improve the survival of fetuses or older
children programmed this way as long as they were exposed to malnutrition
(Stanner and Yudkin 2001; Victora et al. 2008). On the other hand, it would
mean they would be poorly suited to any subsequent period of high-energy
consumption as the permanent reduction of hepatic, renal, and pancreatic capacity

=
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and peripheral insulin resistance would result in the metabolic syndrome. A
number of refinements have been made, but most of the experimental and epide-
miological evidence since has enabled its reinforcement and refinement.

The Dutch hunger winter of 1944—1945 presented a “natural” experiment com-
paring the adult health of people exposed to famine at different intrauterine ages to
controls born elsewhere or before or after the famine. Effects of intrauterine malnu-
trition at different stages of gestation were found on rates of congenital abnormalities
(Stein 1975), obesity (Ravelli et al. 1976), permutations of the components of the
metabolic syndrome (Roseboom et al. 2006), disorders of brain growth, schizophre-
nia (Hulshoff Pol et al. 2000), and abnormal cognitive test results (de Rooij et al.
2010). Similar effects on incidence of schizophrenia were seen in Chinese adults
exposed to famine in utero during the Great Leap Forward (Hulshoff Pol et al. 2000;
St Clair et al. 2005). Other epidemiological evidence supporting the Barker hypoth-
esis came from the appearance of metabolic syndrome in Pima, Arizona, and
Nauruan Islanders after the adoption of a high-energy western diet (Dowse et al.
1991; Diamond 2003; Stoger 2008; Khambalia et al. 2011).

Thrifty Gene Hypothesis

An association between the metabolic syndrome and a high-energy western diet was
observed in populations in which previous generations had been exposed to malnu-
trition (Neel 1962). Survival during famine would be more likely in those with DNA
sequences that conferred a thrifty phenotype (Fig. 2). As the survivors with these
sequences (especially women of child-bearing age) were more likely to reproduce
successfully because of their favorable energy reserves, the mutations were therefore
more likely to be passed on to descendants, increasing their frequency in populations
prone to famine. This hypothesis was presented to explain why the metabolic
syndrome more commonly affected populations exposed to a western diet relatively
recently. One argument against it was that the selection of genetic thrift should have
applied to every modern population as all ancestors would have been malnourished,
rather than just the ancestors of groups in which metabolic syndrome is most
prevalent (Speakman 2008). If everyone has thrifty genes, how can they explain
the high prevalence of metabolic syndrome only in those newly exposed to a western
diet? There has also been debate about when a universal ancestral exposure to famine
would have occurred. Earlier assumptions about this being in the Paleolithic period
have been questioned (Neel 1989). Famines and severe malnutrition were more
likely after the later dependence on agriculture for nutrition than was the case
for hunter-gatherer cultures (Prentice et al. 2008). There has been insufficient time
since agriculture evolved for malnutrition to select favorable gene sequences. A
more plausible selective effect could be the influence of malnutrition on fertility,
rather than mortality, in the time elapsed since the evolution of agriculture (Prentice
et al. 2008).
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Fig. 2 Thrifty gene hypothesis: if T (Thymine) in a DNA sequence is associated with “thrift,” e.g.,
lipogenesis during periods of adequate nutrition which increases length of survival during famine, it
confers a survival advantage on carriers, compared to a sequence containing A (Adenine) at that
position. During periods of plenty, it might not confer any advantage, so the frequencies of A and T
return to the previous equilibrium. The increase in frequency of polymorphism A in times of
adequate nutrition would take many more generations than the one shown here

Postzygotic Somatic and/or Germ Line Mutation

Postzygotic mutation occurs after conception and can affect genes that encode
proteins, miRNA, or other regulatory sequences (Fig. 3). Inherited Mendelian
variation in the frequency of genomic mutability might determine a higher rate of
postzygotic mutation in some individuals. The potential cost of a highly mutable
phenotype might be a predisposition to malignancy, autoimmunity, or degenerative
disease. Postzygotic mutation could increase the frequency of embryonic cells with a
mutation that is favorable to survival and mitosis under certain intrauterine condi-
tions, which are constrained at the best of times (Edwards 2012). That cell with a
competitive advantage would divide faster and colonize a tissue or the whole
embryo, including much or all of its germ line. In males with continuous division
and opportunity for mutation in germ cells, this process might not be limited to
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Fig. 3 Postzygotic mutation

embryonic and childhood development. If a postzygotic mutation occurs early
enough in development to involve the germ line and produces a thrifty phenotype
in those cells, or in tissues those cells will found, it could be a transmissible and
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heritable cause of metabolic syndrome. Although Mendelian variation and Darwin-
ian selection were thought to act very slowly over many generations, a similar
process occurring within each individual human body between conception and
death might explain the appearance of a cellular genetic mechanism contributing
to the metabolic syndrome within a relatively short evolutionary time span. An
example of this type of Darwinian process occurring in the body is the immense and
random somatic mutability in the developing immune system, associated with allele
silencing and cellular selection that only leaves cells whose random immune recep-
tor gene mutations are tolerant to self-antigens. With whole genome sequencing of
single cells, it will be possible to assess the contribution of this mechanism by
comparing the genomic sequences of different cells from different tissues and stages
of development, in patients or laboratory animals exposed to intrauterine malnutri-
tion and those with the metabolic syndrome, parents, and controls. If specific gene
sequences appear early in development and the cells or embryos containing them die
and the sequences are lost in survivors exposed to malnutrition, comparing the
genotypes of survivors with parents, unexposed siblings, or exposed siblings without
metabolic syndrome might identify more genes of importance to the Barker
hypothesis.

Drifty Gene Hypothesis

Genetic drift, the random and continuous accumulation of mutations in the absence
of any selective environmental pressure, has been proposed as a mechanism for the
increasing incidence of obesity (Fig. 4). A need for agility and mobility, favoring
escape from predators, or successful migration in prehistoric hunting and gathering
cultures would select against mutations that promote conservation of energy and
predispose to obesity. The evolution of agriculture and civilization and a sedentary
life would relax this selection against obesity and allow bearers of random sponta-
neous mutations that promote obesity to survive and pass these mutations on to their
descendants (Speakman 2008).

Bet Hedging

The previous theories were based on the concept that selection favored genes for
obesity during famine (genetic thrift) or that selection against genes for obesity was
relaxed after agriculture developed (genetic drift). Bet hedging referred to the
evolutionary advantage of flexibility in reproductive capacity and performance in
different environmental conditions (Schaffer 1974). The term refers here in a genetic
sense to the preservation within the population, of different DNA sequences having
different, opposite, or even mutually exclusive effects. Passage of one DNA
sequence to the next generation would be more likely if the prevailing environmental
conditions at the time favored it (Fig. 5). If environmental conditions were change-
able, as in agricultural cultures with excess food production interspersed with
famines, a population could benefit from retaining both DNA sequences (Wells
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2009). A thrifty genotype that promotes a positive energy balance with reduced
metabolic rate and/or activity, increased consumption of food, avid assimilation of
scarce nutrients, and the storage of fat during adequate nutrition might be advanta-
geous to the population. It could ensure the passage of a repertoire of gene activities
to the next generation after famines or other causes of fetal malnutrition. The
population has multiple sequences at the same or other loci that have opposing
effects on thrift. In addition to these, other sequences could be associated with a
higher metabolic cost but come into play during periods of surplus nutrition. They
could confer evolutionary advantages because as their limitation of appetite or early
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Fig.5 Bethedging. If T (Thymine) in a DNA sequence is associated with “thrift,” e.g., lipogenesis
during periods of adequate nutrition which increases length of survival during famine, it will confer
a survival advantage on carriers, compared to a sequence containing A (Adenine) at that position.
With adequate nutrition, it might not confer any advantage, so the frequencies of A and T return to
the previous equilibrium

growth rate during periods of plenty delays maturation and reduces demands on a
lactating mother, they result in slower but continued growth with delayed cessation
at puberty, later age of reproduction, larger eventual lean mass and size of the adult
brain, and longer life span. When environmental conditions for mothers and/or
fetuses enable adequate or excessive energy supply, a denser population and
increased competition for mates and territory would favor larger, stronger experi-
enced adults whose parents and grandparents have survived to pass on genetic,
social, or behavioral investments to the population. Gene sequences that influence
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susceptibility to the metabolic syndrome and are inherited within populations could
be sought by whole genome sequencing in adults with metabolic syndrome associ-
ated with early malnutrition and compared to parents and unaffected siblings to
establish a database of sequences that could be compared in different populations.

Epigenetic Inheritance

The X chromosome contains XIS7, an X-inactivating gene whose product diffuses
along the same chromosome to initiate the inactivation of that copy of the X in each
cell (Fig. 6). The inactivation of the X chromosome is an early example of epigenetic
modification by methylation of DNA and histones and deacetylation of histones,
associated with heterochromatic changes in the structure of the inactive chromo-
some. Epigenetic changes do not involve changes in the underlying DNA sequence.
In female embryos one of the two X chromosomes is randomly inactivated
(lyonization) and all mitotic descendants of that cell form a clone inheriting the
inactivation of the same X chromosome. Females therefore consist of two clones of
cells with respect to their X chromosomes: one with their paternal X chromosome
inactivated and another clone has the maternal X inactivated. X inactivation occurs
at the time the epiblast is formed in the gastrulating mammalian embryo, while the
paternal X is nonrandomly inactivated in the extra embryonic tissues, possibly
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Fig. 6 Epigenetic programming of fetus is influenced by conditions during growth and develop-
ment. Hypothetical genes on chromosomes 1 and 2 have different lifelong methylation patterns
depending on exposures during development. Methylation pattern and other changes in histone
structure affect gene expression
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reflecting an evolutionary benefit in the activity just of the maternal copies of X
chromosome genes at the maternal interface.

Epigenetic imprinting mechanisms inactivate some autosomal genes or chromo-
somal segments inherited from a parent of one sex, but not those inherited from the
parent of the other sex. Sex-specific imprinting evolved independently in placental
mammals and flowering plants and is thought, in the case of mammals, to enable a
compromise between the competing evolutionary benefits of paternal gene
sequences and maternal gene sequences. Specific paternal sequences promote
fetal, placental, and childhood growth and might seem in the context of this chapter
to be tailored to adverse environments. In contrast, specific maternal sequences favor
smaller babies with smaller heads which present less liability for both mother and
child before, during, and after the birth to equip both the mother and baby better for
long-term survival and further reproduction. As the alleles segregate independently
in the formation of germ cells, sex-specific imprinting needs to be reset in the
embryo so that, for example, the mother’s chromosome 15 imprinting pattern can
be reversed from a paternal to a maternal imprint when her ovum contains the copy
she inherited from her father (Lewis et al. 2015). Some genes are only imprinted in
specific tissues or organs, resulting in a basic phenotype if a mutation in the gene is
inherited from either parent, plus additional manifestations if the mutation is on a
parental allele that is normally active in the affected tissue and the other parental
allele with the normal sequence is inactivated by imprinting (Weksberg et al. 2010).
Disorders of imprinting appear to be more frequent in identical twins (Fahrner and
Bjornsson 2014), but studies of metabolic syndrome in twin pairs have not uniformly
shown effects on some diseases associated with metabolic syndrome (Bo et al. 2000;
Iliadou et al. 2004; Wannamethee et al. 2004; Petersen et al. 2011; Frost et al. 2012).
Imprinting disorders appear more frequent in babies conceived by certain types of in
vitro fertilization (Ventura-Junca et al. 2015), and so does monozygotic twinning.
Whether the twinning process predisposes to later metabolic syndrome or both
twinning and metabolic syndrome are both secondary to some other cause (Hall
1996) is unknown. Parent-specific imprinting is intimately associated with fetal and
childhood growth and metabolism (Hattersley et al. 1998; Constancia et al. 2002),
development, and behavior, so the epigenetic mechanisms involved could be rele-
vant to the Barker hypothesis.

A similar process of methylation at the CpG islands of genes, associated with
changes in chromatin structure, selects which genes are inactivated in different
tissues during developmental differentiation, so that in each tissue only the necessary
genes are active. This process does not necessarily or entirely depend on the sex of
the parent contributing the allele, but is replicated at each mitosis so that all cells of
the tissue usually have the same transcription signature. Genes that are not
inactivated long term by epigenetic mechanisms can interact with transcription
factors or other modifiers of activity to respond to short-term changes in demand
on the tissue. For that to happen the transcription machinery requires access to the
gene, and the epigenetic patterns of methylation and histone changes prevent this by
changing the coiling and shape of the DNA. Once established, the epigenetic profile
of a clone of cells is copied in all daughter cells at mitosis to direct the growth and
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specific functions of an organ. The body might retain stem cells with different
epigenetic patterns that enable growth and repair of tissues with more than one
cell type if needed, but the epigenetic pattern of terminally differentiated cells that
undergo mitosis remains stable for the life of the individual. Regional alteration of
epigenetic pattern within the body with age and environmental exposure could
contribute to autoimmunity (Issa 2003), neoplasia (Jones and Laird 1999), and
degenerative disease (Brunet and Berger 2014). Which genes are methylated in the
orderly process of differentiation appears to depend on the interplay between the
temporal and spatial effects of specific genes and the levels of diffusible growth
factors or morphogens.

Environmental changes are thought to influence the epigenetic status of cells by
direct effects on methylation. Some drugs can directly influence methylation, and
indirect mechanisms include local deficiency or excess of folic acid, which is a
cofactor in methylation reactions, or alteration of the activity of enzymes involved in
DNA methylation, or histone methylation or acetylation. Exposure of agouti mice to
promoters of methylation such as folate or phytoestrogens (Dolinoy et al. 2006) or
bisphenol A that reduces methylation (Dolinoy et al. 2007) modifies the develop-
ment of metabolic syndrome in offspring. Expression of the agouti gene is deter-
mined by methylation of a transposon that acts as an ectopic promoter. Transposons
comprise 45% of the human genome, and retrotransposons comprise 3%, and many
varieties of noncoding RNA molecules are responsible for their regulation or
inactivation, commonly by methylation. Polymorphisms in imprinted genes, includ-
ing the peroxisome proliferator-activated receptors, appear to be involved in diverse
processes that could explain the mechanism behind the Barker hypothesis including
lipid and carbohydrate metabolism (Ahmadian et al. 2013), inflammation and
immune function, atherogenesis, neuronal plasticity, memory (Roy et al. 2013),
thermogenesis, healing, and myelination. Interaction between the common P12A
polymorphism in the PPARy protein and birth weight influences susceptibility to
insulin resistance and hyperinsulinemia in adults (Roy et al. 2013). Genes associated
with lipogenesis and appetite have a similar spectrum of actions relevant to meta-
bolic syndrome (Ellis et al. 2014).

Retrospective epidemiological studies in the UK (Pembrey et al. 2014) and
Scandinavia (Kaati et al. 2002; Pembrey et al. 2006) have revealed associations
between various measures of malnutrition affecting prenatal or postnatal growth and
outcome variables relevant to metabolic syndrome in grandchildren. These identified
sex-specific effects on grandchildren removed at least one generation from the
exposure factors and exposures as late as preadolescence. Environmental changes
can alter the levels of small RNAs, or small double-stranded RNAs can be acquired
from the environment. Elaborate mechanisms that regulate the transmission and
subsequent replication of small interfering RNA (siRNA) for multiple generations in
C. elegans have been reviewed (Houri-Zeevi and Rechavi 2017). These regulate not
only translation but also transcription by selectively altering chromatin in the
vicinity of specific genomic loci. Heritable RNA interference was only transmitted
past meiosis for three to five generations, and there is a very short generation time
and a limited number of cells in these animals. It is not certain if this will be found in
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larger animals in which development of the germ line involves a greater number of
mitotic rounds of cell division and there is a much longer time span between
generations. This type of inheritance could last long enough to equip several
generations of a plant or animal like C. elegans, with limited migratory capacity,
to deal with forecast prevailing environmental conditions. This process and the
epidemiological studies that appear to support its existence in humans might be
relevant to the Barker hypothesis and modifications that consider the “weather
forecast” model as predicted in 2001 (Bateson 2001), maternal fitness (Wells
2003), and short-term versus long-term changes in environmental conditions
(Kuzawa 2008). It is now possible to study the epigenetic signature of cells by
analysis of methylation at multiple gene promoter sites, to identify how trans-
generational effects can be mediated, although studies on identical twins related to
metabolic syndrome have been negative (Tan et al. 2014).

There is evidence for a “Darwinian” process of selection of cells that have
particular epigenetic patterns. In the female rabbit embryo, there is stochastic
inactivation of the X chromosome so that equal quantities of cells are formed with
inactivation of neither X, inactivation of both X chromosomes, inactivation of the
paternal X, and inactivation of the maternal X. The cells that have both or neither X
are active and then die, leaving only those with an inactivation pattern favorable for
survival and division to form a clone that populates the embryo (Okamoto et al.
2011). The pattern of organ growth seen after fetal malnutrition could just be a
reflection of the differing susceptibilities of those organs to irreversible damage due
to cell death followed by reduced growth rather than anything more programmed and
coordinated, and the metabolic changes seen in this situation might just be “making
the best of a bad job” (Bateson 2001; Jones 2005).

The epigenetic effects of environmental influences such as malnutrition, psycho-
logical stress and behavior, drugs, toxins, and xenobiotics are the subject of much
recent research (Thomson et al. 2014; Jimenez-Chillaron et al. 2015). Epigenetic
effects include alteration of DNA structure (e.g., histone acetylation or
deacetylation) and insulator proteins, methylation of CpG dinucleotides, and the
quantity and activity of regulatory molecules such as noncoding RNAs. Drugs,
xenobiotics, or psychological stresses alter methylation of different genes or chro-
mosome segments, resulting in a specific phenotype such as metabolic syndrome.
Fetuses with resulting nonspecific epigenetic changes that reduce the activity of
genes essential for survival to reproductive age would be lost from the population so
that the survivors appear to have made a logical choice. In fact the ones that have
survived might have done so because the timing is specific or the region of exposure
in their case meant that some cells or organs were exposed to more severe environ-
mental conditions or were at a more vulnerable stage of development than others,
and cells with changes favorable to survival in those prevailing conditions populated
the embryo, not directly because of their genomic sequences but because of their
epigenetic patterns. A plausible mechanism has yet to be explained for a xenobiotic,
behavioral, or other nongenetic or environmental agents to aim specifically at a
particular metabolic program that perpetuates the pharmacological, psychological,
physicochemical, or endocrine effects of the environmental agent in subsequent
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generations. In biological systems the most parsimonious explanation for the appear-
ance of a specific phenotype is its random appearance in a proportion, but not the
whole population, followed by environmental selection for cells or organisms with
favorable traits and against those with traits that do not suit the current environment.
A plausible mechanism that is known to cause the random appearance of a pheno-
type is either somatic or germ line genomic mutation. Random nongenetic variations
in epigenetic pattern might occur because the actions of agents that affect the
epigenetic pattern are not uniform in time or space. Their persistence in a population
would suggest they confer no competitive disadvantage under the prevailing envi-
ronmental conditions.

A number of causes, plus or minus mechanisms, for epigenetic change causing
thrift have been postulated. The fetus was proposed to make a predictive adaptive
response, a protective “decision” to adopt an epigenetic program that resulted in a
thrifty phenotype predicted by current circumstances to be beneficial when the
animal was old enough to reproduce (Gluckman and Hanson 2004; Ellis et al.
2014). The thrifty phenotype did not reduce reproductive fitness so it could be
transmitted to subsequent generations if it was somehow not erased in embryonic
stem cells. If it escaped erasure, it might not influence fetal survival in times of
adequate intake, improve survival in fetuses that had retained it and were in turn
exposed to malnutrition, and only cause problems if energy consumption became
plentiful.

Gastrointestinal Microorganisms (Microbiota)

Viruses incorporate parts of their genomes into host genomic DNA and RNA from
viruses, although it was horizontally transmitted initially and can be replicated in
mitosis and meiosis to be transmitted vertically. Bacteria and humans share nutrients
and synthesize some necessary nutrients for each other. Regulatory nucleic acid
sequences, known to be shared between bacteria, can also be shared between them
and their human host. A significant proportion of human DNA can be cloned in fungi
but not in E. coli (Negri and Jablonka 2016). Some of these human genomic
sequences might maintain the symbiotic balance between host and enteric bacteria
by coding for RNA or protein that regulates bacterial metabolism or growth. They
could either promote the production of host toxins that are taken up by bacteria, or
the nucleic acid sequences themselves are taken up and transcribed by bacteria. The
population of gut microorganisms is established by age of 3 years, and the variety
and quantity of species are influenced by the diet of the child including breast milk or
other foods. Most of this population is established by colonization from the maternal
enteric, vaginal, and cutaneous populations, although it possibly includes a prenatal
intrauterine population (Ardissone et al. 2014; Stinson et al. 2017). Maternal mal-
nutrition, metabolic syndrome, or other diseases predisposing to metabolic syn-
drome in the child might therefore be associated with particular populations of
microorganisms passed on from mother to child and subsequent generations. This
could contribute to the difference seen between effects of maternal malnutrition
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during pregnancy and paternal malnutrition during childhood (Pembrey et al. 2006;
Pembrey et al. 2014). The long generation time of humans and their slow rate of
germ line evolution argue against the Darwinian selection of new mutations that
could affect such large proportions of populations and appear as quickly as the
metabolic syndrome. If the genetic material carried by the human is actually
considered to be both the DNA in the human cells plus that of the trillions of
symbiotic organisms living in or on the body, the evolution of this entity as a
whole could be so rapid it could appear to have a Lamarckian mechanism
(Osmanovic et al. 2016). Fascinating research involving twins discordant for obesity
showed that germ-free isogenic mice receiving fecal bacteria from the obese twin
developed an obese metabolic pattern that was rescued by cohousing with mice fed
bacteria from the leaner twin (Ridaura et al. 2013). Children delivered by Caesarian
section were more likely to develop obesity after controlling for their mothers’ BMI
(Mueller et al. 2017).

Conclusions

The cause of metabolic syndrome is likely to be multifactorial, with many nuclear
DNA and cellular RNA sequences acting in concert with environmental influences.
The Barker hypothesis has enabled new approaches to the study and management of
different types of intrauterine malnutrition and metabolic syndrome. These will
hopefully lead to control of this major worldwide health problem. It has not been
resolved whether the Barker hypothesis affects subsequent generations, after one
episode of growth retardation at one stage of development. Epidemiological data in
humans and experimental data suggest that transgenerational epigenetic inheritance
is possible. It remains to be seen whether this is mediated by heritable RNA
sequences analogous to transposons or RNA viruses that have entered the germ
line, or by acquired, possibly mosaic mutations in DNA coding for regulatory RNAs.
The association of enteric microbiota with human metabolism raises the fascinating
possibility of new treatment or even prevention.

Dictionary of Terms

» Agouti — banded lighter and darker pattern of hair pigmentation in mammals
caused by pigmentary genes being turned on or off at stages of hair growth. These
genes are normally only expressed in hair follicles, but a transposon can result in
their expression in other tissues, leading to metabolic syndrome.

* Chromatin — the DNA of the chromosome is coated with RNA and proteins,
especially histones, to form chromatin which coils to produce the typical structure
of chromosomes that are visible through the microscope just before the cells
divide. Banding of the chromosomes with a stain called Giemsa (G-banding)
produces a bar-code appearance which aids in numbering and identification of
deletions or duplications. The light bands were called euchromatin and dark
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bands heterochromatin which largely contain active and inactive genes,
respectively.

* Clone — all cells descended in the body that have descended, by mitotic cell
division, from one ancestral cell.

* Caenorhabditis elegans — C. elegans is a tiny transparent worm which is valuable
experimentally because of its short developmental period, 3-day life cycle with
rapid growth to maturity resulting in a short generation time, and its fecundity,
300 offspring for each worm. Its embryonic development was studied by Sulston
and colleagues so the division and migration of every embryonic precursor and
eventual predictable position could be identified for every 1 of the 959 cells
comprising the adult worm’s body.

» Epigenetic (adj, n epigenesis) — the alteration of gene activity without alteration of
DNA sequence; by alteration of chromosome structure, relationship between DNA
and histones, histone methylation or acetylation, or DNA methylation. The nucle-
otides cytosine and guanine, found together on the phosphate (p) backbone of
DNA, are called a CpG dinucleotide and are very frequently found in the promoter
of genes, and the cytosines in this dinucleotide are methylated to inactivate the gene
by preventing access of RNA polymerase to the promoter. This prevents transcrip-
tion, the synthesis of messenger RNA from the DNA template.

» Expression — the transcription from a DNA sequence of RNA which has some
metabolic or epigenetic effect in the cell.

* Genome — the DNA sequence of an organism. This does not include the sequence
of RNA that might not be copied from genomic DNA but does include the
sequence of ancestral viral RNAs that have been copied in the reverse direction
into genomic DNA. Whole genome sequencing is the sequencing of all known
chromosomal and mitochondrial DNA sequences, now possible for a single cell.
Whole exome sequencing just included the 1% of DNA that coded for proteins,
but that misses the huge majority of DNA that codes for regulatory sequences
within genes (intronic sequences) and outside genes.

* Germ line — sperm, ova, and their precursors.

» Imprinting — inactivation of genes, not by altering their sequence (mutation) but
by methylation of DNA and histones, deacetylation of histones, and structural
changes to the supercoiled chromosome to limit access to gene promoters by
RNA transcription molecules.

* Lamarckian — a form of inheritance proposed by Jean-Baptiste Lamarck in the
1800s to occur by transmission of acquired traits to offspring. Inheritance of
epigenetic traits is an example of a Lamarckian mechanism.

* Mendelian — a form of inheritance proposed by Gregor Mendel in the 1800s but
rediscovered in the early 1900s. It suggested that genes were in pairs and that
members of gene pairs segregate independently. Mendelian inheritance is the
inheritance of alleles now known to be sequences in genomic DNA. Mendelian
variation is based on the inheritance of different alleles. Superimposed on this is
genomic variation due to new mutation.

* Methylation — the addition of CH; (methyl) groups, often to cytosine where it is
found paired with guanine in genomic DNA.
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* Peroxisome — a tiny cellular organelle bounded by a lipid membrane within body
cells in which, among other actions, very long chain fatty acids are oxidized to
release energy, components of cell membranes called plasmalogens, and
enzymes, such as catalase that protects against free radicals, are synthesized.

* Polymorphism —a DNA sequence found in more than 1% of healthy members of
a population. There might be one of more variants of the same sequence. Poly-
morphisms are considered not to cause disease (as do mutations), but for various
reasons they might predispose to disease.

» Postzygotic mutation — this occurs after conception so it just affects the first cell
to acquire it and all its descendants which receive copies of its DNA. If the
mutation occurred before the differentiation of the germ line, it could affect both
germ cells and somatic cells, but if it occurred after separation of the germ line, it
would only affect the germ line or only somatic cells but not both. As only some
of the embryo cells have the mutation, the embryo has mosaicism, more than one
population of cells, each with a different genome sequence.

* RNA interference — RNAs introduced from the environment, or synthesized
from endogenous DNA or RNA sequences, bind to complementary nucleic acid
sequences of other RNA or DNA molecules and in association with proteins such
as dicer or argonaute inactivate or destroy the other nucleic acids (such as viruses,
transposons, or messenger RNAs) or are transferred to the nucleus, possibly also
in the germ line.

* Somatic mutation — mutation just affecting somatic cells which are body cells
other than the germ line. These mutations occur after conception and just affect a
proportion of body cells: the first cell to acquire the mutation and its descendants
which receive copies of its DNA.

» Transcription — the copying of a genomic DNA template in the synthesis of RNA.

» Translation — the copying of a messenger RNA sequence to synthesize a protein

* Transposon —a DNA sequence that was introduced into the ancestral genome of
an organism. They can shift from one chromosomal location to another, resulting
in new activation or inactivation of genes, or new gene functions, but most
commonly when this happens it is deleterious causing disease. They are tolerated
in the genome because most are inactivated by various mechanisms including
RNA by a process called RNA interference, and because their changes in location
(transposition) have contributed to genetic variation, and thus evolution.
Retrotransposons were originally part of an RNA viral genome, incorporated
into the host’s DNA by a process called reverse transcription, where a viral
enzyme called reverse transcriptase synthesises a DNA copy of the viral RNA.

Summary Points

» The Barker hypothesis linked early childhood malnutrition to adult-onset diseases
comprising the metabolic syndrome. Synonyms include the thrifty phenotype
hypothesis, developmental origins of health and disease, or the fetal program-
ming hypothesis.
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* Mechanisms postulated to explain this association included:

— Refinements of the earlier thrifty gene hypothesis which claimed that early
malnutrition selected for genes for obesity. It was discarded because metabolic
syndrome appeared or disappeared too quickly from populations to be caused
by genetic selection based on mortality.

* The bet-hedging hypothesis suggests that genes for obesity or genes favor-
ing leanness can both be retained in the population by selection under
different environments at different times.

* Genes predisposing to the metabolic syndrome might appear by new
mutation somatically or by selection of inherited polymorphisms. Their
contribution could be assessed by comparing the whole gene sequences of
survivors of malnutrition in early life who now have metabolic syndrome
and controls including parents and unexposed siblings.

— The drifty gene hypothesis means release from selection of genes for obesity
associated with civilization, agriculture, and freedom from predation.

— Maternal well-being and fetal programmed adaptive response hypotheses are
modifications of the Barker hypothesis. The former involves fetal program-
ming based on the mother’s past and present health and nutritional status,
while the latter involves fetal programming that integrates information from
the past and postulated future environmental conditions.

» Epigenetic gene inactivation programs have been implicated in fetal program-
ming and metabolic syndrome:

— These could be transmitted to subsequent generations, and there is molecular
evidence for this in laboratory models of metabolic syndrome.

— There is epidemiological evidence for inheritance of effects associated with
malnutrition in early life in humans for at least one generation.

— RNA interference is a postulated mechanism for transgenerational passage of
epigenetic information.

* Gut microbiota is passed from mother to child. There is evidence that diet and
other factors modify the population of gastrointestinal microorganisms, and in
turn these can modify the metabolic program of the human host.
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Abstract

The socioeconomic growth of some countries is impacted by immigration. For
example, Canada has sheltered numerous refugees and promptly responded to the
global refugee crisis. Food insecurity, dietary acculturation, inadequate access to
healthcare, and poor nutrition are major contributing factors to newcomer health.
For refugees, compared to immigrants, barriers to health include pre- and post-
migration factors such as language, trauma, social stratification, and lack of
access to healthcare. Newcomer children can be negatively affected by these
inequities. Refugee children, specifically, are at higher risk of poor nutritional
health. Studies on refugee children showed they were vulnerable to excess weight,
chronic conditions, mental health issues, poor education, and poverty. Newcomer
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health decreases over time, which can increase the burden on the Canadian
healthcare system. Limited information is available regarding the relationship
between food security and social determinants of heath and how this affects
unique subgroups of newcomers. Research is required to identify culturally ap-
propriate and cost-effective ways to promote traditional food, and to assess
nutritional quality and safety in Canada. Although Canada is used as an example,
there is wide applicability to other countries where refugees have similar expe-
riences and data regarding children is lacking.

Keywords
Acculturation - Canada - Child - Culture - Food security - Health - Immigrant -
Refugee - Newcomer - Nutrition

List of Abbreviations

BMI Body mass index
DFE Dietary folate equivalents
HEI Healthy eating index

HEIC Canada’s healthy eating index

TBBMC Total body bone mineral content

UNHCR  United Nations High Commissioner for Refugees
WHO World Health Organization

Introduction

International migration occurred at a faster rate than the world’s population growth
(United Nations 2016). As of 2015, there were approximately 244 million migrants
worldwide (United Nations High Commissioner for Refugees [UNHCR] 2017).
There were 65.3 million people forcibly displaced from homes around the world,
among them, nearly 21.3 million were refugees, which is more than the number of
people displaced after World War II (UNHCR 2017). More than ten million of these
refugees were children and youth (UNHCR 2017). Ten million people worldwide
have been denied a nationality and lack access to basic necessities including
employment, food, education, and healthcare (UNHCR 2017). Immigrant is often
used for immigrants and refugees. However, these two populations differ due to
cause of migration, different countries of origin, cultures, pre- and postmigration
factors, and socioeconomic status, all of which affect quality of life and integration
into a new society (Nisbet 2011). Immigrants choose to migrate for a better future
while refugees are forcefully displaced from their homeland.

Canada is thought of as the land of immigrants since the majority of its population
is new immigrants or descendants of previous immigrants (Fig. 1) (Government of
Canada 2011). People migrate to Canada for multiple reasons including job oppor-
tunities, health, and ultimately a desire for a better life. Canada’s first Governor



13 Food Security and Nutritional Health of Newcomer Children 217

2500000
,, 2000000
[=
%'; M Total
T 1500000
E M Children 0-14
o
5 1000000 years
)
£
E

500000

0

1971-1980 1981-1990 1991-2000 2001-2011
Period of Immigration

Fig.1 The number of immigrants and immigrant children to Canada according to period of
immigration. This figure indicates a rise in the total number of people who have immigrated to
Canada as well as the number of children who have immigrated to Canada from 1971 to 2011.
(*Data retrieved from Statistics Canada (2017))

General, John Buchan, stated that immigrants “should retain their individuality and
each make its contribution to the national character” (Government of Canada 2011).
This philosophy has been maintained throughout the years in Canada’s Multicultur-
alism Policy (Government of Canada 2011). Immigration has had a major impact on
the population and socioeconomic growth of Canada. Statistics Canada (2011) states
the level of education is higher among immigrants than Canadian-born. Politicians at
all levels of government believe immigration is necessary for economic growth and
stability (Statistics Canada 2011). The racial diversity of Canada’s immigrants may
be responsible for the superior social cohesion compared to other developed nations
(Statistics Canada 2011).

According to the 2011 census, 6.8 million people living in Canada are foreign
born, which accounts for 21% of the total population. People migrate to Canada as
individuals or families and are grouped into four categories: economic, families,
refugees, and others (Pottie et al. 2015). Based on available data, as of 2011, there were
more than one million newcomers in Canada who immigrated between 2006 and
2011, out of which 19% were children aged 14 years and under (Fig. 1) (Statistics
Canada 2016). Another 15% were youth between the ages of 15 and 24 years
(Statistics Canada 2016).

Refugees entering Canada come with hopes, experiences, and skills, which
contribute to a wealthy and affluent society. Canada, in the past, has responded on
various occasions to the global refugee crisis and sheltered numerous refugees. From
November 2015 to January 2017, approximately 40,081 Syrian refugees arrived in
Canada (Government of Canada 2017a). In 2016 (January—September) alone, there
were 16,369 in-person refugee claims (Government of Canada 2017b).
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Health of Newcomers to Canada

Newcomer health is influenced by culture including knowledge, skills, practices,
beliefs, and experiences associated with traditional, complementary, or alternative
medicines (World Health Organization [WHO] 2000). Social determinants of health
include income, education, employment, social structures, culture, gender, and child
development. They play an important role in the health status of newcomers,
particularly regarding food security, which is discussed later in this chapter.

Immigrants with a higher socioeconomic status possess more knowledge about
health and follow the Western medicine system (Rothstein and Rajapaksha 2003).
Highly educated and wealthy immigrants are more likely to maintain a healthy body
weight, adhere to preventive health advice, and exercise more frequently (Rothstein
and Rajapaksha 2003). Those who are not satisfied with Western healthcare, whether
due to high costs, long wait times, or perceived discrimination, have a tendency to
use traditional or complementary medicine more than those who are satisfied (Ku
2007). Exposure to factors such as past harmful exposure from war, lack of nutritious
food, violence, trauma, poor sanitation, socioeconomic status, English- or French-
language proficiency, limited access to preventive services, and specific disease
vectors exposure, put refugees at higher risk of ill health and poor nutrition when
compared to immigrants (Ng et al. 2011). English language proficiency was greater
in immigrant children compared to refugees (Hoover et al. 2016). Refugee new-
comer children to Canada were significantly more likely to come from families
where neither parent had a secondary level education and where their main source
of income was social assistance compared to immigrants (Nisbet 2011). Newcomer
immigrant and refugee families with children found themselves in the lowest income
category at 49% and 62%, respectively (Nisbet 2011).

The Healthy Immigrant Effect

Previous literature suggests the health status of immigrants upon arrival is high, even-
tually deteriorating over a period of 5 years postmigration before matching that of native-
born Canadians (Newbold 2009). This healthy immigrant effect is associated with three
hypotheses, selective immigration, better access to healthcare services over time, and
acculturation (Antecol and Bedard 2006; Gushulak 2007). In order to understand the
healthy immigrant effect, these hypotheses need to be investigated further.

Selective Immigration

Self-selection is a term that describes individuals who are economically affluent and
healthy in their home countries and more likely to migrate due to better opportuni-
ties. Immigrants must pass a screening process, including a medical examination,
which removes those with severe medical conditions who pose a danger to public
health or safety and strain the healthcare system more than the average Canadian,
which was $5,292USD per capita in 2014 (Antecol and Bedard 2006; WHO 2014).
However, refugees are “protected by law from exclusion on the basis of noninfectious
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burden of illness” (Government of Canada 2017c). Immigrants from Asia, Africa,
and South America were not as likely to indicate excellent/very good health com-
pared to immigrants from Europe, the United States, Australia, and Mexico com-
bined (Ali et al. 2004). The definition of health changes for immigrants and refugees
over time due to acculturation, as they compare themselves to the general popula-
tion, which affects their perceived health (Newbold 2005).

Although self-selection exists, it is likely only one contributing factor to the
healthy immigrant effect and may not be applicable to all immigrants. This theory
does not consider the weakening health of refugees after migration. Investigation of
other hypotheses is necessary.

Healthcare

Large scale migration inevitably impacts migrants” health as well as the healthcare system
of the host country. Compared to native-born Canadians, immigrants and refugees
healthcare needs can vary drastically, and they seek access to medical care less, although,
they do not necessarily have better health even though their self-perceived health is higher
upon entry (Gushulak 2007). Although self-assessed health of immigrants to Canada
decreased, their utilization of hospitals did not increase from 1994/1995 to 2000/2001
(Newbold 2009). Barriers to healthcare affecting immigrants can include poor socioeco-
nomic status, loss of social networks, use of traditional medicine, familial and cultural
responsibilities, hesitation providing personal information, perceived discrimination,
weak language skills, and poor working environments related to “deskilling” (Newbold
2009; Canadian Paediatric Society 2013). The Canadian healthcare system can be
difficult to understand as it is not consistent throughout the country. Some provinces
have a waiting period of 3 months, which may contribute to lower usage of the healthcare
system upon entry (Government of Canada 2016a). For protected persons like refugees, a
temporary health card and programs are available (Government of Canada 2016b).

The decline of newcomer health after migration is not limited to poor healthcare
access. Healthcare services utilization by immigrants increases with length of stay.
This could possibly increase identifying, diagnosing, reporting, and treating health-
related issues (Newbold 2009). Certain groups of refugees are given immediate
access to healthcare services upon arrival in Canada; hence the hypothesis of self-
selection and poor access to healthcare does not apply to them. Therefore, the
healthy immigrant effect could be associated with several other factors.

Dietary Acculturation

Adaptation of an individual of a particular ethnicity to a new culture is known as
acculturation. Acculturation in itself is a combination of various stages. Typically, the
last stage is “assimilation,” which occurs when someone from a different ethnicity
completely adopts the norms of their new culture, leaving their own behind (Kittler
and Sucher 2012). Those who migrate at an older age are less likely to adopt the new
culture when compared to those who migrate at a younger age (Kaushal 2009). It is
important to note that acculturation is complex and nonlinear, occurring along a spectrum
(Berry et al. 2006). A balance should be maintained between the traditional culture and
the new culture.
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Obesity is a serious condition that can increase the risk of chronic conditions
including, certain cancers, coronary heart diseases, hypertension, elevated blood
cholesterol, and type 2 diabetes. These conditions could be attributed to poor dietary
choices. The possibility of becoming obese increases during the process of accul-
turation (Kittler and Sucher 2012). When an individual or group of immigrants adopts
the eating patterns of the host country, dietary acculturation occurs (Satia-Abouta et
al. 2002). Dietary acculturation is important among immigrants to developed coun-
tries as diets are high in fat and sugar, which negatively affects their health as their
length of stay increases in the host country (Satia-Abouta et al. 2002). Poor acces-
sibility to traditional food items, lack of nutrition education, and convenience of
Western food results in increased consumption of prepackaged items or fast food and
can be attributed to dietary acculturation (Kittler and Sucher 2012). Dietary accul-
turation has been associated with increased chronic conditions among adults; hence
health could be negatively affected among those children who experience dietry
acculturation.

Food Security

One of the most common approaches to evaluate income-related household food
security is using a questionnaire developed by the United States Department of
Agriculture (2016) and adapted by Statistics Canada (Tarasuk et al. 2014). The United
States classifies responses to these questions into four categories whereby households,
adults, or children with high or marginal food security are considered food secure and
those with low or very low food security are food insecure. Canada uses the same
questionnaire and classifies households as food secure, marginally, moderately, and
severely food insecure. Food security is directly related to income. Nonvisible minority
Canadians are more likely to receive a higher wage job when compared to that of
visible minority immigrants (Simich and Jackson 2010). Higher income, greater food
security, and better opportunities are typically associated with higher education levels.
However, for immigrants, higher education levels do not result in better job opportu-
nities due to deskilling. This explains why immigrants have lower levels of food
security when compared to native Canadians. Recent immigrants, even those with
postsecondary education, were more likely to be underemployed, low-income, and
need housing compared to the Canadian-born (Simich and Jackson 2010).

Since 2004, Statistics Canada has collected information on the food security
status of Canadians by means of the Canadian Community Health Survey. Almost
13% of Canadian households (four million individuals) experienced some form of
food insecurity, which included 16% (1.15 million) of children (Tarasuk et al. 2014).
Food insecurity was more prevalent in households with low income, children, and
single-mothers, and where the respondent was Black or Aboriginal (Tarasuk et al.
2014). Recent immigrant households had a higher prevalence of food insecurity
(20%) compared to nonrecent immigrants (11.8%) and Canadian-born (12.4%)
(Tarasuk et al. 2014). A pilot study, Healthy Immigrant Children (HIC), examined
newcomer immigrant and refugee children in Saskatchewan, Canada, and found the
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Fig. 2 Prevalence of household food security among households with children. This figure
compares national data (Tarasuk et al. 2014) to local data from Saskatchewan in immigrant and
refugee children in the Healthy Immigrant Children study (Nisbet 2011) (*Data retrieved from
Tarasuk et al. (2014) and Nisbet (2011))

prevalence of household food security was 62% and 34%, respectively (Fig. 2)
(Nisbet 2011). Child food security status was 51% compared to household food
security at 46% (Nisbet 2011). Although a higher prevalence of household food
insecurity was observed in refugee newcomer families, child food security was not
significantly different between immigrant and refugee families (Nisbet 2011). As the
duration of stay in Canada increased, the risk of food insecurity in children decreased
(Nisbet 2011). The study also noted that children living in households with more
than two children were more likely to be food insecure (Nisbet 2011).

Food insecure individuals can binge eat, consume high-calorie food, and, there-
fore, develop overweight/obesity (Che and Chen 2001). Children living in house-
holds where high school is the highest level of education are at greater risk of being
overweight/obese in comparison with those living in households with a post-
secondary degree (Shields 2005). Studies also showed that 21% of people in food
insecure households had at least three chronic conditions and 15% of these people
were obese (Che and Chen 2001).

Nutritional Health of Newcomers

The health status of individuals is strongly affected by the food they consume. Culture
strongly influences people’s food choices. Healthy food choices can be limited by the
ability to purchase expensive food items (Kittler and Sucher 2012). Data gathered by
Statistics Canada (2014) using body mass index (BMI) showed nearly 20% (5.3
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Fig. 3 Classification of overweight and obese according to immigration status. Overweight
and obesity is shown for adult non-immigrants, long-term immigrants, and recent immigrants. This
figure supports the healthy immigrant effect, as overweight and obesity increases with length of stay
in Canada (*Long-term immigrants were in Canada 11 years and longer and recent were in Canada
less than 11 years. Data retrieved from Tremblay et al. (2005))

million) of Canadian adults were obese (self-reported height and weight). Estimates
suggest that Canadians consume about 13% of their caloric intake from added sugar.
High sugar consumption is frequently associated with adverse health outcomes
including cancer, dental caries, diabetes, heart disease, high blood cholesterol, over-
weight/obesity, and stroke. Figure 3 portrays overweight and obesity according to
immigration status. Culture influences newcomer food choices, possibly due to lack of
access to traditional food items. Newcomers also witness differences in schedules,
such as working long hours, which results in minimal time to prepare food in a
traditional manner. Immigrant children tend to prefer Western food, while parents
particularly prefer traditional food items (Gray et al. 2005). Income, country of origin,
city of relocation and comprehension of its primary language all affect the likelihood
of food habits changing postmigration (Gray et al. 2005).

Health of Newcomer Children

Detailed information on health and nutritional status of newcomer children is not
available in Canadian literature. A large number of youth (37%) acculturate by being
involved in activities of both traditions (Berry et al. 2006). The Canadian Institute of
Child Health reported that immigrant children and youth were less likely to consume
alcohol, smoked less, and had lower suicidal behavior when compared to native-
born Canadian children (Pottie et al. 2015). A huge proportion of immigrant youth
reported being in good stable physical and mental health (Kukaswadia et al. 2014).
Also, 88% of immigrant youth a