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There are no studies of oral health in relation to esophageal cancer in Africa, or of Eastern Africa’s endemic dental fluorosis, an
irreversible enamel hypo-mineralization due to early-life excessive fluoride intake. During 2014-18, we conducted a case—control
study of squamous cell esophageal cancer in Eldoret, western Kenya. Odds ratios (AORs (95% confidence intervals)) were adjusted
for design factors, tobacco, alcohol, ethnicity, education, oral hygiene and missing/decayed teeth. Esophageal cancer cases

(N = 430) had poorer oral health and hygiene than controls (N = 440). Compared to no dental fluorosis, moderate/severe fluorosis,
which affected 44% of cases, had a crude OR of 20.8 (11.6, 37.4) and on full adjustment was associated with 9.4-fold (4.6, 19.1)
increased risk, whilst mild fluorosis (43% of cases) had an AOR of 2.3 (1.3, 4.0). The prevalence of oral leukoplakia and tooth
loss/decay increased with fluorosis severity, and increased cancer risks associated with moderate/severe fluorosis were
particularly strong in individuals with more tooth loss/decay. Using a mswaki stick (AOR = 1.7 (1.0, 2.9)) rather than a commercial
tooth brush and infrequent tooth brushing also independently increased risk. Geographic variations showed that areas of high
esophageal cancer incidence and those of high groundwater fluoride levels have remarkably similar locations across Eastern
Africa. In conclusion, poor oral health in combination with, or as a result of, high-altitude susceptibility to hydro-geologically
influenced dental fluorosis may underlie the striking co-location of Africa’s esophageal cancer corridor with the Rift Valley. The
findings call for heightened research into primary prevention opportunities of this highly fatal but common cancer.

Introduction an unknown but highly spatially-patterned factor conveying
Esophageal cancer (EC), predominantly esophageal squamous  substantial risk, on top of which lifestyle factors act.” In Kenya
cell carcinoma (ESCC), is the third most common cause of alcohol contributes to ESCC but to a lesser extent than in
cancer death in Eastern Africa.' The hypothesized etiological ~western countries.” Among other potential contributors, poor
model for this African EC corridor involves the presence of oral health has not been examined comprehensively in Africa,
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What’s new?

Oral health and esophageal cancer in Africa

To date, there are no comprehensive studies of oral health and esophageal cancer in Eastern Africa, nor of this area’s endemic
dental fluorosis, an irreversible enamel hypo-mineralization due to early-life excessive fluoride intake. Here, the authors found
that moderate/severe fluorosis is associated with a ten-fold increased cancer risk in Eastern Africa, particularly if tooth loss or
decay is co-present. The finding is striking because of the remarkable co-location of Africa’s esophageal cancer corridor with
areas of high groundwater fluoride. Identification of the causal mechanisms will be critical to primary prevention of this

common cancer.

but beyond the continent studies have found that different
aspects of poor oral health status are associated with increased
ESCC risk. In Asia (6 studies*™), the US,'° a European-Latin
American study'' and in a single small Kenyan study,'? each
study found that at least one of periodontal disease, poor oral
hygiene and/or tooth loss and decay were positively associated
with ESCC risk. The magnitude of increased ESCC risk were
of the order of 1.2-fold for oral leukoplakia,” 1.5- to 2.5-fold
for extremes of missing teeth, and 2- to 3-fold of lack or regu-
lar oral hygiene. Public oral health status in Kenya is of good
teeth retention to old age and a low though increasing preva-
lence of dental caries.''* However, oral hygiene is poor, the
Arak tree stick (mswaki) is used instead of a commercial tooth
brush, and both periodontitis and oral cancer’s precursor oral
leukoplakia (17% prevalence) are common.">™"”

In the present study, we investigated the aforementioned
oral health indicators with risk of ESCC in Kenya. In addition
to these measures of oral health, this setting’s endemic dental
fluorosis enabled its first-ever investigation in relation to
ESCC.'® Dental fluorosis is an irreversible hypomineralization
of the tooth enamel and in Kenya occurs predominantly due
to early-life excessive intake of fluoride which occurs naturally
in water originating from aquifers in the high fluorine volca-
nic rocks of the African Rift Valley. WHO’s maximum fluo-
ride concentration of 1.5 mg/L is exceeded in non-piped water
supplies in parts of Kenya'® and the resulting dental fluorosis
provides, via visual inspection for opacities and mottling of
enamel, an easily assessed long-term exposure biomarker in a
cancer case—control study.

Methods

Participant recruitment

The western Kenyan ESCCAPE (ESCC African PrEvention
research) case—control study consisted of pilot (August 2013-
September 2014) and main study recruitment phases (October
2015-April 2018). The detailed fieldwork experience is pub-
lished*® Cases were patients aged >18 years who underwent
endoscopy at Moi Teaching and Referral Hospital (MTRH),
Eldoret, where an esophageal tumor was visualized and a biopsy
taken with a morphological examination that confirmed ESCC
(90%) or did not rule it out. Age and sex frequency-matched
controls were hospital visitors (main study only, 30% of con-
trols) and hospital in-patients (38% of controls), hospital out-
patients (32%), excluding patients with digestive diseases or

cancer, or those with more than 3 nights stay in MTRH. Partici-
pation rates were 96% in cases and 92% in controls.

Oral health and other exposure variables

Participants completed an interview-administered question-
naire and provided biospecimens. In both study phases, fre-
quency of tooth brushing (daily, 2-6 times/week, once/week
or never) was asked. In the main phase only, we also asked
about type of toothbrush (commercial, mswaki stick or other)
and interviewers were trained by the study dentist (CK) to
additionally assess: (i) the count of Decayed, Missing and
Filled teeth, which sum to the DMFT index (range 0 best to
32 worst); (ii) oral leukoplakia, ie. a white or gray patch
which could not be wiped away with a cotton gauze, which is
a reversible condition®'; (iii) dental fluorosis in 4 categories
corresponding to the Thylstrup-Fejerskov index (TFI) scores
of, ‘normal’: no dental fluorosis (TFI 0), ‘mild’: opacities visi-
ble (TFI 1-4), ‘moderate’: small/medium pits (TFI 5-7) and
‘severe’: large pits with loss of enamel (TFI 8-9) (Supporting
Information Fig. S1). Critical exposure ages for development
of dental fluorosis are from 1 to 7 years of age during perma-
nent dentition development when excessive fluoride exposure
disrupts enamel mineralization, with dental fluorosis exter-
nally evident, visually, upon eruption of these permanent
teeth. We also asked about water source, as ESCC risk has
been linked to consumption of non-piped water,”>*> and in
Kenya surface waters have some of the highest fluoride levels
worldwide.**

For the present investigation, socioeconomic factors (job,
education and amenities), age, ethnicity, alcohol (by type),
tobacco (smoking and smokeless), hot beverages, household
air pollution, and family history of ESCC represent potential
confounders or effect modifiers. Place of birth and of current
residence were obtained, and, with the aid of databases of all
Kenyan places (www.geonames.org) and their corresponding
GPS coordinates, current residence was geocoded to investi-
gate the potential of spatial clustering of dental fluorosis and
of selection bias. Information on HIV and khat use were
asked, but were not adjusted for as their prevalence was low
and similar in cases (6.6% for HIV, 2.0% for khat) and con-
trols (8.2% and 2.7% respectively).

We also visually examined maps of EC incidence rates across
Africa in relation to those for risk of groundwater fluoride levels
exceeding 1.5 mg/L, i.e. levels at which dental fluorosis occurs,
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using IJARC GLOBOCAN 2018 and International Groundwater
Resources Assessment Centre data respectively.">’

Statistical analysis

Using logistic regression models for ESCC, we estimated odds
ratios (ORs) and their 95% confidence intervals (CI) associated
with oral health indicators and water source. First a basic model
(model 1) was fitted, with adjustment for design factors:
interviewer, phase (pilot/main), gender and age (continuous).
Model 2 was further adjusted for potential confounders, pre-
dominantly lifestyle factors (ethnicity, alcohol, tobacco, family
history, hot beverage drinking, education) using variables listed
in Table 2. Model 3 was further adjusted for indicators of a dental
hygiene/dental caries pathway, i.e. for DMFT score, tooth brush
type and brushing frequency - these full-adjusted ORs are
reported in the abstract. We then examined two further path-
ways, by building on model 3 and additionally adjusting either
for leukoplakia (model 4) - representing a possible intermediate
- or dental fluorosis (model 5). Stratified analyses by interviewer
and control type were conducted to investigate potential biases,
and by participant characteristics to explore potential effect mod-
ifiers. Statistical analyses were conducted in Stata version 14.0
and mapping in QGIS.

Results

Oral health in controls

A total of 430 cases and 440 controls participated from over-
lapping catchment areas (Fig. 1a), of which 287 cases and
285 controls, ie. those in the main study, had a full oral
health examination. Cases were predominantly men, from
Kalenjin and Luhya ethnic groups and had low educational
level (Table 1). In controls, the prevalence of infrequent tooth
brushing (i.e. less than daily, 41%), using a mswaki stick
(28%) and missing teeth were higher in lower social and older
age groups, whereas tooth decay and oral leukoplakia (26%)
were linked to alcohol and tobacco use (Supporting Informa-
tion Table S1). Eight percent of controls had moderate/severe
dental fluorosis, and any degree of fluorosis was more com-
mon in the less educated, alcohol/tobacco users, and having a
spring or river as the main water source, but fluorosis status
did not differ by gender or age.

Oral hygiene, DMFT and esophageal cancer risk

Table 2 presents ORs for each of the oral health indicators.
Tooth brushing once per week or less, and, independently,
using a mswaki stick to brush teeth were associated with 2 to
3-fold increases in risk (Model 1). These ORs were slightly
attenuated upon adjustment for lifestyle confounders
(Model 2), and, after adjustment for the DMFT score and oral
leukoplakia or dental fluorosis, weekly vs. daily tooth brushing
(OR 2.3 (95% CI 1.0 to 5.5)) and mswaki stick use (OR 1.7
(1.0 to 3.0) remained associated with risk. Lifestyle and oral
hygiene adjusted (model 3) ORs were 8.8 (95% CI: 4.9 to
15.8) for >3 compared to no decayed teeth, 1.8 (1.0 to 3.3) for
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26 missing teeth (vs. none) and, for the combined index, 5.7
(3.0 to 10.9) for a DMFT count of =8 vs. 0. The DMFT OR
was strongly attenuated upon adjustment for, separately, leu-
koplakia (OR 3.7, model 4) or dental fluorosis (OR 3.0, model
5), but remained a significant independent risk factor.

Dental fluorosis, leukoplakia and esophageal cancer risk
Moderate/severe dental fluorosis was present in 44% of cases
compared to 8% of controls, whereas 13% of cases and 47% of
controls had no fluorosis. The resulting Model 1 OR was
21 (95% CI: 12 to 37), 15 (8 to 29) with lifestyle adjustment
(model 2) and 9.4 (4.6 to 19.1) upon further adjustment for
DMFT score and oral hygiene (Model 3, Table 2), the latter
attenuation was due to poorer oral hygiene and higher DMFT
score in those with fluorosis. Notably, an association between
dental fluorosis and both tooth decay and tooth loss was present
in controls (p < 0.001 for both): the prevalence of 3 or more
decayed teeth was 7% (9/133) in fluorosis-free controls, 17%
(22/129) in controls with mild fluorosis and 27% (6/22) in those
with moderate/severe fluorosis. Similarly, the prevalence of 6 or
more missing teeth was 14% (18/133) in fluorosis-free, 20%
(26/129) in mild and 45% (10/22) in moderate/severe fluorosis-
affected controls.

Oral leukoplakia was more common in cases (77%) than
controls (26%), with an OR of 9.7 (6.5 to 14.3), which was atten-
uated to 4.9 upon adjustment for lifestyle factors, DMFT count
and oral hygiene. However, because oral leukoplakia was mea-
sured at interview/diagnosis, it may mark a late effect on the
same biological pathway as dental fluorosis, which also had a
large OR but has an early-life critical exposure period. Notably,
leukoplakia prevalence by fluorosis status shown in Figure 2
shows their strong positive correlation, including in controls.

Associations of fluorosis and, separately, leukoplakia with
ESCC risk stratified by participant or design factors are shown
in Figure 3. ORs remained remarkably strong and of similar
magnitude by age, sex, alcohol, tobacco use, oral hygiene,
interviewer and type of control. Some confidence intervals for
mild fluorosis included 1 and statistical power to detect inter-
actions was low. The only exception to this consistency was in
analyses stratified by DMFT count, as follows. Increased
ESCC risks associated with dental fluorosis were much stron-
ger in people who also had more decayed or missing teeth,
which formed the majority of the fluorosis-affected individ-
uals. In contrast, among the subgroup with no or few decayed
or missing teeth, dental fluorosis was rarer and its association
with ESCC risk was weak and non-significant, i.e. the model 3
OR for moderate/severe fluorosis was 9.4 (4.6 to 19.1) overall,
2.5 (0.6, 10.1) if DMFT < 4 and 27.1 (9.6, 76.7) among those
with a DMFT count of at least 4.

Finally, because of hydro-geochemical and thus spatial influ-
ences on the risk of dental fluorosis, selection bias could have
influenced results if cases and controls originated from different
areas. Figures 1b and 1c illustrate that fluorosis-affected and
fluorosis-unaffected cases, as well as controls, originated from
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Table 1. Demographic and oral health characteristics of cases and controls

103

N non-missing

N (%) among 430 cases
(143 pilot + 287 main)

N (%) among 440 controls

(155 pilot + 285 main)

(N missing)® N (% of non-missing)
Pilot and main study phases
Sex ? 870 (0) Male 282 (66) 272 (62)
Female 148 (34) 168 (38)
Age ? (years) at diagnosis/interview 870 (0) Mean (SD) 59.5 (13.5) 57.0 (15.2)
IQR 50-69 45-68
Ethnic group 870 (0) Kalenjin 247 (57) 233 (53)
Luhya 100 (23) 95 (22)
Luo/Kikuyu/Kisii/Other 83 (19) 112 (25)
Education (score) 869 (1) None 104 (24) 99 (23)
Some or all primary 248 (58) 201 (46)
Secondary or higher 78 (18) 139 (32)
No. children 870 (0) Mean (SD) 6.2 (3.6) 5.9 3.4)
Occupation 870 (0) Farmer 285 (66) 233 (53)
Other 145 (34) 206 (47)
Frequency of tooth brushing 870 (0) Daily 187 (43) 260 (59)
2-6 times per week 119 (28) 132 (30)
Once per week 78 (18) 26 (6)
Never 46 (11) 22 (5)
Main study phase only
Type of tooth brush among brushers 516 (0) Commercial 115 (45) 193 (72)
Stick (mswaki) / other®> 139 (55) 76 (28)
Number of decayed teeth 572 (0) 0 73 (25) 183 (64)
1-2 83 (29) 65 (23)
23 131 (46) 37 (13)
Number of missing teeth 572 (0) 0-1 72 (25) 102 (36)
2-3 76 (27) 93 (33)
4-5 52 (18) 35 (12)
26 87 (30) 55 (19)
DMFT index* 572 (0) Median (IQR) 7 (3-15) 3 (1-6)
Oral leukoplakia 572 (0) No 66 (23) 210 (74)
Yes® 221 (77) 75 (26)
Dental fluorosis index 569 (3) None 36 (13) 133 (47)
Mild 122 (43) 129 (45)
Moderate 78 (27) 15 (5)
Severe 49 (17) 7 (2
Water source 572 (0) Piped 34 (11) 64 (23)
Rain 8(3) 3(1)
Borehole 35 (12) 68 (24)
Well 97 (34) 89 (31)
Spring/ river® 113 (39) 61 (22)

IMissing not by design. Maximum numbers 870 total (298 pilot + 572 main).

2Frequency-matched design factors.

30ther tooth brushing implement = 7 cases and 2 controls used hand/handkerchief.
“DMFT = sum of decayed + missing + filled teeth (range 0 = best to 21 = worst in this sample).
>0ver 90% on the tongue, the remainder on the cheek.

®Two thirds is spring, one-third river.
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Figure 2. Prevalence (%) of oral leukoplakia according to dental
fluorosis severity, by case—control status. Moderate+ DF = moderate/
severe dental fluorosis.

Comparison with other studies

Similar to our findings, ESCC has been linked to poor oral
hygiene and tooth decay in Iran, China and Kashmir*® and
edentulous EC patients were noted in South Africa.*® However
population-level DMFT counts were lower in Kenya than in
other high risk populations (3 versus 28 in Iran®), possibly due
to relatively improved oral hygiene and lower sugar intake in
our study. Similar to our findings, 3 to 4-fold increased ESCC
risks with non-piped water have been observed, but whereas in
other studies they were often considered as indicators of low
socioeconomic position or of an unspecified constituent, in the
present study it likely represents risks through a dental fluorosis
pathway. For oral leukoplakia, although the prevalence in this
study’s controls was only slightly higher than in Kenyan popula-
tion surveys (26% in our study’s controls versus 17%'”) and
lower than in very high risk populations (43% and 11% in men
and women in the Linxian General Population Trial®), our
study’s leukoplakia-ESCC relative risks were much larger
(OR ~5) than in the latter cohort (OR 1.3), a difference that
points to an influence of reverse-causality or a late-effect symp-
tom in our study. The lack of temporality of this reversible trait
excludes the predictive utility of this OR, nevertheless examina-
tion of the joint-fluorosis-leukoplakia status was informative to
explore mechanistic pathways, as discussed below.
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Plausibility

Poor oral health as indicated by dental loss, decay, periodontal
disease and poor oral hygiene, is a consistent feature of high
ESCC risk populations, for which the proposed biological
pathways involve alteration of the oral microbiome to a milieu
with pro-carcinogenic properties or carcinogenic by-products,
e.g. through production of acetaldehyde, reduction of nitrates
to nitrites and their conversion to nitrosamines, or increased
bacterial species to produce reactive oxygen species among
which are esophageal carcinogens.”” Alternative pathways
concern reduced mastication leading to physical damage to
the esophagus. Chronic inflammation may also be involved,
not only for ESCC but also for other upper GI cancers and
liver cancer.’

In the present study, the ESCC-dental fluorosis association,
which appeared to be concentrated in individuals who also
had tooth decay or tooth loss, is unlikely to be due to chance
or bias, given the strength of association, its consistency across
strata including interviewer and control type, and the non-
complexity of exposure assessment for an irreversible expo-
sure whose presence precedes cancer by decades. Instead, in
its association with ESCC, we consider here whether dental
fluorosis may be a proxy for exposures on different, not neces-
sarily mutually exclusive, mechanistic pathways as follows.
First, in this risk association, dental fluorosis could have been
a proxy for fluoride, with this early-life exposure marker indi-
cating life-long fluoride ingestion, causing EC through oxida-
tive stress, disruption of salivary glutathione defenses, or a
direct chemical effect on the esophageal epithelium. However
this pathway is very unlikely due to the absence of a dental
fluorosis-ESCC association in people with little tooth loss or
decay. Further, there is no external evidence of fluoride carci-
nogenicity in humans. In 1987 the IARC monograph program
evaluated inorganic fluoride in drinking water as “not classifi-

»28 04
since then, associations with the primary site of interest osteo-

able as to its carcinogenicity to humans (Group 3)

sarcoma were null.>> Second, dental fluorosis may be a proxy
for life-long intake of water with naturally high fluoride levels,
but the relevant ESCC carcinogenic effect comes from non-
fluoride constituents or properties of this water, such as its
alkalinity, akin to the ESCC link to salt tea in Kashmir.”’
Indeed, there are often chemicals co-present in high-fluoride
water such as, further north in the Rift Valley, calcium, alumi-
num, copper and rubidium in Ethiopia.®® Third, we consider
that the striking correlation between the severity of dental
fluorosis and prevalence of oral leukoplakia, tooth loss and
decay, which - of most relevance—was present in controls,
suggests that a common oral cavity chronic irritation or oral
microbiome alteration is most likely implicated. This pathway
is further supported by the restriction of the dental fluorosis-
ESCC association to people who also had tooth loss or decay,
and, albeit with limited power, the absence of such an associa-
tion if tooth loss or decay was absent. It is plausible that the
very steep increased risk associated with moderate/severe
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No.
Odds cases /
ratio (95% CI) controls

Dental Fluorosis, overall
Normal 4 1 36/133
Mild —_—— 2.3(1.3,4.0) 122/ 129
Moderate = 9—— 8.5(3.8,19.3) 78/15
Severe g 109 (4.1,29.2) 49/7
Dental Fluorosis: Mild v None, by subgroup
Age < 50 years 4 1.4 (0.4, 4.6) 29/39
Age = 50 years —_—— 2.8(1.4,5.6) 93/86
Men —_— 2.2(1.0,4.8) 80/87
Women * 2.9(1.1,7.8) 41/42
Never alcohol/tobacco —_—— 3.0(1.2,7.4) 31/64
Ever alcohol+ever tobacco g 1.9 (0.7, 5.0) 61/31
Toothbrushing > once/week with brush - 1.7 (0.8, 3.7) 41/72
Mswaki or toothbrushing > once/week 4 3.4 (1.3, 8.6) 81/51
DMFT < 4 A 1.1 (0.4,2.8) 40/56
a DMFT =4 —_—— 4.6 (2.0, 11.0) 82/64
,2 Interviewer 1 —_——— 1.8 (0.8, 3.8) 44 /62
= Interviewer 2 _— 3.0 (1.2,7.4) 78 /67
S Cases v in-patient controls -_T 1.5 (0.7, 3.4) 122/ 54
%} Cases v out-patient controls < 1.8 (0.8, 4.0) 122/ 42
% Cases v hospital visitor controls _—— 3.8(1.8,8.3) 122/33
= Dental Fluorosis: Moderate/Severe v None, by subgroup
5 Age < 50 years * 11.6 (2.6,52.8) 33/6
9 Age = 50 years ————————— 11.1 (4.5,27.2) 94/16
§ Men * 11.7 (4.6,29.8) 87/14
(@) Women * 12.3(3.1,49.2) 40/8
Never alcohol/tobacco 4 8.3 (2.3, 30.5) 23/9
Ever alcohol+ever tobacco < 10.6(3.2,35.3) 80/8
Toothbrushing > once/week with brush * 12.1(4.0,36.4) 37/10
Mswaki or toothbrushing < once/week L g 12.0 (4.0,35.5) 90/12
DMFT < 4 * 2.5 (0.6, 10.1) 20/10
DMFT = 4 * > 27.1(9.6,76.6) 107/12
Interviewer 1 4 7.0 (2.6, 18.8) 68/12
Interviewer 2 \ g 12.3(3.7,40.8) 59/10
Cases v in-patient controls ¢ 10.2 (3.3, 32.1) 127/8
Cases v out-patient controls g 7.3 (2.5,21.3) 127/9
Cases v hospital visitor controls g 14.3 (4.3,47.2) 127/5
Leukoplakia: Presence v Absence, by subgroup
None 4 1 36/133
Present —— 4.9 (3.0, 7.8) 221/75
Age < 50 years < 10.2(3.2,33.0) 54/17
Age > 50 years —_—— 5.0 (2.8,9.1) 167 /57
Men —_—— 5.7 (3.0, 10.7) 153/50
Women —_—— 4.4(1.9,10.6) 65/25
Never alcohol, never tobacco . g 11.2 (4.3, 29.5) 47 /33
Ever alcohol+ever tobacco —_—— 3.2(1.4,7.4) 128/27
Toothbrushing > once/week with brush —_— 6.6 (3.3, 13.4) 68 /34
Mswaki or toothbrushing < once/week _—— 4.4 (21,9.3) 153/39
DMFT < 4 R 1.4 (0.6, 3.4) 45/32
DMFT > 4 —_—— 11.4(5.7,22.8) 176/ 41
Interviewer 1 —— 6.6 (3.1, 13.8) 107 /40
Interviewer 2 ——— 3.8(1.8,7.8) 114/35
Cases v in-patient controls —_—— 4.6 (2.3,9.1) 221/28
Cases v out-patient controls _—— 5.7 (2.8, 11.8) 221/24
Cases v hospital visitor controls —— 6.3 (2.9, 13.4) 221/22
| | | | | | 1 |
0.25 0.5 1 2 4 8 16 32 64

Odds Ratio (95% confidence interval) for esophageal cancer

Figure 3. Odds ratio for esophageal cancer associated with dental fluorosis and oral leukoplakia, overall and by subgroup or design factor,
adjusted for lifestyle factors, DMFT count (Decayed+Missing+Filled tooth count) and oral hygiene (Model 3).

Int. ). Cancer: 145, 99-109 (2019) © 2018 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC



Menya et al.

EC ASR (World)
per 100 000
(both sexes)

I 24
Bl 6o-124
[ 43-69
[[]21-43
[ ]<21

D Not applicable

] catchment

107

Probability of
groundwater F-
>1.5 mg/L

B +igh
Bl Medium
- Low
I:l Very low

Unknown

Figure 4. (a) Age-standardized incidence rates (ASR) of esophageal cancer (EC) in Africa, both sexes (Globocan 2018%), indicating counties included
in our the present study’s catchment area; and (b) Risk of groundwater fluoride levels over 1.5 mg/L across Africa, reproduced with permission.?®

fluorosis in conjunction with tooth decay or loss, is because
dental pits, being present from the time of dentition eruption,
form a life-long pro-carcinogenic ecological niche in the oral
cavity e.g. for bacterial communities, such as Porphyromonas
gingivalis nominally associated with ESCC in US cohorts.*
Under this hypothesis, whilst the window of susceptibility to
dental fluorosis is in the first ~6 years of life, in terms of expo-
sures relevant to ESCC risk, such exposures commence after this
period, i.e. upon eruption of the permanent dentition. The pres-
ence of dental pits since early in life thus represents prolonged
exposure and as such, even in the extraordinarily young ESCC
patients unique to this setting, by age 25 or 35 an individual
with severe fluorosis has had almost 20 and 30 years, respec-
tively, with dental pits and possibly also with a pro-carcinogenic
oral milieu.

Strengths and weaknesses

This is the first ESCC case—control study in Eastern Africa to
include a wide range of potential risk factors/confounders and
multiple measures of oral health. Histological confirmation
reduced outcome misclassification and selection bias was
reduced through a non-capital city setting and inclusion of
different types of controls, as discussed in a detailed evalua-
tion of the pilot phase.”” The irreversibility of dental fluorosis
rules out the possibility of reverse causality, however
interviewer-bias was possible but reduced due to professional
training. Future studies should consider exposure validation
by independent experts, inclusion of periodontal disease, using
photographs and the granular 10-point TFI range. The study

also lacked a separate count of missing teeth due to accidents,
rites of passage or other cultural practices, and a life-time his-
tory of water source. Finally, the sample size was limited for a
finer examination of effect modifiers. Regarding the spatial
comparison of EC and fluoride across Africa, this is a simple
visual examination, which lacks accuracy and granularity for
cancer incidence rates.

Wider implications of the findings in Kenya and Africa
Dental fluorosis, a hypomineralization of the dental enamel, is
prevalent in Kenya due to the combination of excessive fluo-
ride intakes at ages 1-7 years during permanent dentition
development and increased susceptibility to fluorosis at high
altitudes where increased urinary pH reduces the kidney’s
excretion of fluoride (Eldoret is at 2100 m).**** Fluoride is
ingested during water intake, but is also present in staples
grown or extracted from this fluoride-rich ecosystem, includ-
ing tea, trona (magadi), whole fish, spinach and maize. How-
ever, whilst the problem of high fluoride levels in Kenyan
ground and surface water is well known and widespread, it is
not ubiquitous."” Fluoride levels can vary considerably on a
small-scale according to the locations of volcanic fissures, thus
explaining the absence of clustering of affected participants
and reducing the possibility that findings are due to an
unmeasured confounder.

The findings clearly point to the potential of preventing
ESCC in Kenya. From young ages, education of the impor-
tance of oral hygiene, and ensuring access to modern oral
hygiene methods should be considered as part of Kenya’s
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cancer control plan and would benefit ESCC, oral cancer and
oral health. Such efforts need to ensure inclusion of socially
disadvantaged population groups, in whom ESCC risks associ-
ated with reliance on non-piped water, poor oral hygiene and
alcohol and tobacco use are concentrated. Finally, the findings
need to be considered in light of the proposed etiological
model of a strong spatially-patterned risk factor(s) underlying
the African EC corridor. Excessive groundwater fluoride is a
highly spatially-correlated attribute prevalent in and near Afri-
ca’s Rift Valley - including the high ESCC risks areas of Kili-
manjaro Tanzania, the Ethiopian Rift, and parts of Malawi. In
these areas, fluoride levels are among the world’s highest.
Compared to the WHO recommended levels of 0.5-1.0 mg/L
and a maximum safe limit of 1.5 mg/L fluoride, a Kenyan
survey of 1,282 nationwide samples found that 62% had fluo-
ride concentrations above 1 mg/L, and 20% were above
5 mg/L. Thus, in light of the high levels of this unique expo-
sure, the contribution, consistency and mechanisms of the
dental fluorosis-ESCC link need to be evaluated across Eastern
Africa. The public health importance cannot be overstated. In
2020 alone, across this region 23,000 people will be newly
diagnosed with ESCC, and 21,000 will die from this cancer.’
For prevention of this burden, in addition to the improve-
ments in oral health, additional research will be needed to
address how to break the oral health and dental fluorosis-
ESCC link, whether through improved oral hygiene and
health, acceleration of de-fluoridation efforts now underway
across the region, improved access to piped water supplies or

Oral health and esophageal cancer in Africa

other means. In conclusion, given the magnitude of the associ-
ation of dental fluorosis with esophageal cancer risk and the
unique presence of this exposure circumstance in Africa’s Rift
Valley esophageal cancer corridor, research on oral micro-
biome or other biological mechanisms that explain this strong
link is warranted.
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