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Consumption of both processed and unprocessed red meat has been associated with a higher risk of major
chronic diseases. However, only processed meat consumption has been studied in relation to chronic obstructive
pulmonary disease (COPD). Therefore, we endeavored to determine the association between the risk of COPD
and consumption of processed and unprocessed red meat while taking into account smoking status. The
population-based prospective Cohort of Swedish Men included 43,848 men who were 45–79 years of age and had
no history of COPD or cancer at baseline. Meat consumption was assessed using a self-administered questionnaire
in 1997. During 13.2 years of follow-up, 1,909 COPD cases were ascertained. Consumption of processed meat
was associated with risk of COPD: Compared with men who consumed less than 25 g/day of processed meat, men
who consumed 75 g/day or more had a multivariable-adjusted hazard ratio of 1.21 (95% confidence interval: 1.02,
1.44; P for trend = 0.03). The positive association was confined to current smokers (P for interaction = 0.003);
among smokers who consumed 75 g/day or more of processed red meat, the hazard ratio was 1.26 (95% confi-
dence interval: 1.00, 1.60) when compared with persons who consumed less than 25 g/day. Consumption of unpro-
cessed red meat was not associated with COPD incidence. Findings from this prospective study indicate that high
consumption of processed red meat is associated with an increased COPD risk among smokers.

chronic obstructive pulmonary disease; processed meat; prospective cohort study; red meat

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.

According to the World Health Organization, chronic
obstructive pulmonary disease (COPD) was the third lead-
ing cause of death worldwide in 2012, after ischemic heart
disease and stroke (1). Researchers in the Global Burden of
Disease Study 2013 classified COPD as the sixth leading
cause of disability-adjusted life years in developed countries
(2) and the third leading cause of disability-adjusted life
years in the United States and the United Kingdom. The
estimated number of global age-standardized disability-
adjusted life years for COPD was 1,138 cases per 100,000
population (1, 2).

Genetic predisposition and exposure to environmental pol-
lution, including cigarette smoking and presence of dust in
occupational settings, are important risk factors for COPD (3).
In addition, recent evidence indicated that diet may play an
important role in the development of COPD. A “prudent”

dietary pattern (i.e., high consumption of fruit, vegetables,
fish, and whole-grain cereals) has been observed to be associ-
ated with a lower risk of impaired lung function and COPD,
whereas a “Western” dietary pattern (i.e., high consumption of
processed meat, white bread, added sugar, full-fat dairy pro-
ducts, and chips) has been associated with a higher risk of
COPD (4–6). It has been suggested that high consumption of
processed meat is associated with impaired lung function
because of the high nitrite content in these products (7). This
hypothesis is plausible, given that nitrites lead to the genera-
tion of reactive nitrogen species and an antioxidant-oxidant
imbalance (3, 8, 9). In prospective studies of women (7) and
men (10), a positive association between processed meat
consumption and COPD was observed. Although the associa-
tion was observed only in ever smokers, there was no signifi-
cant interaction with smoking status, probably because of the
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limited number of never smokers. Studies of the association
between unprocessed red meat consumption and COPD are
lacking. However, consumption of both processed and un-
processed red meat has been associated with a higher risk of
major chronic diseases, such as diabetes (11, 12), cardiovascu-
lar diseases (13–15), and cancers (16).

Therefore, we investigated the associations of processed
meat consumption and unprocessed red meat consumption
with the risk of COPD in the Cohort of Swedish Men
(COSM), a large, population-based, prospective study. We as-
sessed whether smoking status modified the associations.

METHODS

Study population

The Cohort of Swedish Men was established in central
Sweden (Västmanland and Örebro Counties) in 1997.
Questionnaires were sent to all men who were 45–79 years
of age and lived in this area. Of the 48,850 men who returned
a completed questionnaire, we excluded those with a missing
or incorrect national identification number (n = 297), those
who died before baseline (n = 55), and those with a previous
cancer diagnosis (other than nonmelanoma skin cancer)
(n = 2,592). Moreover, men with a history of COPD
(n = 281), those with implausible values for total energy
intake (>3 standard deviations from the mean value for log-
transformed energy; n = 567); and those for whom data on
red meat consumption were missing (n = 1,210) were
excluded. After these exclusions, 43,848 men remained for
the analysis. The original and analytical cohort was represen-
tative of the population of Swedish men in 1997 in terms of
age, educational level, and proportion with obesity as com-
pared with the Official Statistic of Sweden (17, 18) (Web
Table 1, available at http://aje.oxfordjournals.org/). The study
was approved by the Regional Ethical Review Board at
Karolinska Institutet (Stockholm, Sweden).

Assessment of diet and other exposures

Diet was assessed using a 96-item food frequency ques-
tionnaire. The food frequency questionnaire included 3 que-
stions about consumption of unprocessed red meat (pork,
beef/veal, and minced meat) and 4 questions about consu-
mption of processed meat (sausages, cold cuts/ham/salami,
blood pudding/sausages, and liver paté). Participants were
asked to indicate how often, on average, they had consumed
each food item over the past year, using 8 predefined cate-
gories: never/seldom, 1–3 times per month, 1–2 times per
week, 3–4 times per week, 5–6 times per week, once per
day, 2 times per day, and ≥3 times per day. The frequencies
of red meat consumption were converted to grams per day
by multiplying the frequency of consumption of each food
item by the appropriate age-specific portion size.

The food frequency questionnaire has been validated in
248 Swedish men using fourteen 24-hour recall interviews
over a year as the reference method (19). The Spearman
correlation coefficients for the associations between esti-
mates obtained from the food frequency questionnaire and

those from the repeated recall interviews were, on average,
0.65 for macronutrients and 0.62 for micronutrients.

We assessed dietary patterns based on 2 measurements of
diet quality, the Recommended Food Score and modified
Non-Recommended Food Score, which were developed and
described previously (20). Based on global dietary guidance
(21), the Recommended Food Score included 36 food items:
13 vegetables (carrot, beetroot, cabbage/red cabbage, cauli-
flower, broccoli/Brussels sprouts, tomatoes/tomato juice, pep-
per, lettuce/iceberg lettuce, spinach, onion/leek, green peas,
soy bean products, and mixed vegetables), 6 fruits (apples/
pears, bananas, berries, oranges/citrus fruits, other fruits, and
orange/grapefruit juice), 7 cereal products (whole grain bread,
crispbread/crackers, oatmeal, gruel/other porridge, cereals/
muesli, rice, and oat/wheat bran), 5 types of fish and seafood
(herring/mackerel, salmon, cod/saithe/fish fingers, caviar, and
shellfish), 3 different low-fat dairy products (low-fat (≤0.5%
fat) and medium-fat (1.5%) milk, low-fat sour milk/yoghurt,
and low-fat cheese (10%–17%)), nuts/almonds, and olive oil.
One point was assigned for each recommended food item
that was consumed at least 1–3 times per month. People
could receive maximum 36 points, and a higher score indi-
cated a better-quality diet. The Non-Recommended Food
Score included 9 food items (we omitted 3 unprocessed and
4 processed red meat food items included in the original
score) that are not recommended from health point of view:
3 high-fat dairy products (cheese (28% fat), butter (80% fat),
and cream/crème fraiche), white bread, sweets (combined
buns/cakes, biscuits/wafers/rusks, and gateau/pastries), and
4 other products (combined potato chips/popcorn and fried
potatoes/French fries, unprocessed offal, mayonnaise, ice
cream). Participants were assigned 1 point if they consumed
of any of these nonrecommended food items 3 times per
week or more; otherwise, they received 0 points. Subjects
could receive a maximum of 9 points, with a higher number
of points corresponding to a lower-quality diet (20).

Information about educational level, body weight and
height, physical activity level, smoking status, alcohol con-
sumption, and history of hypertension were obtained in the
baseline self-administered questionnaire. Body mass index
was calculated by dividing the weight in kilograms by the
square of height in meters. Assessment of total physical activ-
ity estimated as metabolic equivalents (metabolic equivalent of
energy expenditure × hours/day) was based on 6 questions
described previously by Norman et al. (22). Pack-years of
smoking history were calculated by multiplying the number of
cigarettes smoked per day by the number of years of smoking.

Case ascertainment

Date of the first registered diagnosis of COPD and
date of death from COPD were ascertained by linkage of
the study cohort with the Swedish Patient Register (in-
patient and out-patient registers) and the Cause of Death
Register at the Swedish National Board of Health and
Welfare. Events of COPD were defined according to the
International Classification of Diseases and Related
Health Problems, 10th Revision (code J44). In the pres-
ent study, a COPD event was defined as the first diagnosis
of COPD (listed either as the primary diagnosis or at any
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diagnosis position) in the Swedish Patient Register or in the
Cause of Death Register (COPD as the primary diagnosis
only). It was reported that in the period from 1999 to 2009,
a higher proportion of patients with COPD were detected
and diagnosed in primary care than in the beginning of the
study period (81% vs. 59%) (23). On average, patients who
were diagnosed with COPD in 2009 were 7 years younger
than those diagnosed at the start of the study in 1999 (66 vs.
73 years of age) (23).

Statistical analysis

Study participants were followed from January 1, 1998,
to the date of COPD diagnosis, death, or the end of the study
follow-up period (December 31, 2012), whichever came first.
Cox proportional hazards regression models were used to
estimate hazard ratios and 95% confidence intervals for
COPD. We categorized participants into quintiles of con-
sumption of unprocessed, processed, and total red meat, as
well as into 4 categories of consumption of unprocessed
and processed red meat (<25.0, 25.0–49.9, 50.0–74.9, and
≥75.0 g/day). The categorization simplifies the interpretation
in relation to portion sizes and facilitates communication of
results.

Multivariable hazard ratios were adjusted for age (contin-
uous), educational level (less than high school, high school
graduate, or university), body mass index (<18.5, 18.5–
24.9, 25–29.9, or ≥30), total physical activity (metabolic
equivalent of energy expenditure × hours/day, in quintiles),
smoking status and pack-years of smoking (never; former
smoker for <20, 20–39, or ≥40 pack-years; or current
smoker for <20, 20–39, or ≥40 pack-years), energy intake
(kcal/day, in quintiles), consumption of alcohol (g/day, in
quintiles), Recommended Food Score (continuous), and
Non-Recommended Food Score (continuous). We mutually
adjusted for unprocessed red meat consumption and pro-
cessed red meat consumption through inclusion in the same
multivariable model. The covariates were chosen because
they were either a known risk factor for COPD or potentially
related to both COPD and red meat consumption (3, 24, 25).

The proportional hazards assumption was tested by re-
gressing scaled Schoenfeld residuals against survival time.
There was no evidence of departure from the assumption.
To calculate P values for trend, the median values of quin-
tiles and categories of unprocessed, processed, and total
red meat consumption were used as continuous variables.
Using the likelihood ratio test, we tested statistical interac-
tions of unprocessed and processed red meat consumption
with smoking status in predicting the risk of COPD.

The statistical analyses were performed using SAS ver-
sion 9.2 (SAS Institute, Inc., Cary, North Carolina). All re-
ported P values are 2-sided; P values ≤0.05 were considered
to be statistically significant.

RESULTS

Characteristics of the cohort

During a mean follow-up of 13.2 years (578,109 person-
years; 1998–2012), 1,909 cases of COPD were ascertained.

The Spearman correlation coefficient for the association
between consumption of unprocessed red meat and consump-
tion of processed red meat was 0.30. The median consumption
of unprocessed red meat differed 4.4-fold between the highest
and the lowest quintiles and 4.9-fold between the highest
and the lowest categories (≥75 g/day vs. <25 g/day). For pro-
cessed red meat consumption, the corresponding differences
were 6.5-fold and 5.9-fold, respectively. Compared with men
in the lowest quintiles of unprocessed and processed red meat
consumption, those in the highest quintiles were younger, had
higher intakes of energy, and consumed more products from
nonrecommended list (Table 1). Moreover, men with a high
intake of unprocessed red meat had higher alcohol consump-
tion, whereas those with a high intake of processed meat were
less likely to have a university education.

Red meat consumption and risk of COPD

We observed a positive association between consumption
of processed (but not unprocessed) red meat and the risk of
COPD. Compared with men in the lowest category of pro-
cessed meat consumption (<25 g/day), those in the highest
category (≥75 g/day) had a 21% (95% confidence interval
(CI): 2, 44) higher risk of COPD (Table 2). In the dose-
response analysis, the risk of COPD increased statistically
significantly by 9% (95% CI: 2, 17%) for each 50-g/day
(about 2–3 slices of processed meat) increase in processed
meat consumption. For quintiles of processed red meat con-
sumption, compared with being in the lowest quintile of pro-
cessed meat consumption, being in the highest quintile was
associated with a 21% (95% CI: 4, 41) higher risk of COPD
(Web Table 2). After excluding the first year of follow-up,
the result did not change substantially; the highest category
of processed red meat consumption (≥75 g/day) was associ-
ated with a 20% (95% CI: 0, 43; P for trend = 0.05) higher
risk of COPD when compared with the lowest category of
consumption (<25 g/day).

We observed a statistically significant interaction between
processed red meat consumption and smoking status (P for
interaction = 0.003). Among current smokers, those in the
highest category of processed meat consumption had a 26%
(95% CI: 0, 60) higher risk of COPD compared with those in
the lowest category (Table 3). For each 50-g/day increase in
processed meat consumption, the risk of COPD increased by
13% (95% CI: 3, 23) among current smokers. Moreover, we
performed a sensitivity analysis excluding current smokers
with a diagnosis of asthma before baseline or during follow-
up (252 cases of asthma), and the results did not change
essentially: The hazard ratio for COPD in men who con-
sumed 50 g/day or more of processed red meat was 28%
(95% CI: 7, 54; P for trend = 0.008) compared with those
who consumed less than 25 g/day. There was no relation
between processed red meat consumption and COPD risk
among former smokers and never smokers.

We also investigated whether specific processed meat
items were associated with COPD in current smokers
(Table 4). Consumption of blood pudding/sausages and liv-
er paté was statistically significantly positively associated
with COPD; for the highest category of consumption, the
risks of COPD were increased by 35% (95% CI: 7, 69) and
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31% (95% CI: 5, 62), respectively. Consumption of cold
cuts/ham/salami was associated with a statistically nonsig-
nificant increased risk of COPD, whereas no association
was observed for consumption of sausages.

DISCUSSION

In the present large, population-based, prospective cohort
of men, consumption of processed red meat, but not of
unprocessed red meat, was positively associated with a higher
risk of COPD. Compared with men who consumed less than
25 g of processed meat daily, men who consumed 75 g or
more had a statistically significant 21% higher risk of COPD.
The observed association was confined to current smokers,
among whom the risk of COPD was 26% higher for those in
the highest category of processed meat consumption.

Our findings are consistent with results from 2 earlier pub-
lished prospective studies (the Health Professionals Follow-up
Study (10) and the Nurses’ Health Study (7)) and 2 cross-
sectional studies (24, 26), in which positive associations
between consumption of cured meats and risk of COPD were
found. The inverse associations of frequency of cured meat
consumption with forced expiratory volume in 1 second and
with the ratio of forced expiratory volume in 1 second to
forced vital capacity were observed in participants in the Third
National Health and Nutrition Examination Survey (26), and
associations with forced expiratory volume in 1 second, forced

vital capacity, and ratio of forced expiratory volume in 1 sec-
ond to forced vital capacity were observed in participants in
the Hertfordshire Cohort Study (24). Moreover, results from a
study conducted among 274 COPD patients indicated that
high consumption of cured meats (more than the median value
in the study population) was associated with a 2-fold increased
risk of COPD hospital readmission (27).

It seems feasible that the observed association between pro-
cessed meat consumption and COPD may be related to the
potentially pro-inflammatory properties of processed meat
(28, 29), as well as to the high content of food additives, par-
ticularly nitrites (which are added during the manufacturing
process as a preservative, antimicrobial agent, and color fixa-
tive), in these products (30). The fact that nitrites generate
reactive nitrogen species such as peroxynitrite, which can
impair lung antioxidant status and promote an inflammatory
process causing DNA damage, inhibition of mitochondria res-
piration, protein modification, and cell dysfunction, makes
their involvement as causative compounds credible (8). More-
over, the analysis of bronchial biopsies from 51 patients has
demonstrated that “nitrosative stress” is associated with the
pathogenesis of severe COPD (31). Furthermore, in patients
with COPD, the number of myeloperoxidase-positive cells
was significantly correlated with the number of neutrophils in
bronchial submucosa, and patients with severe COPD had a
significantly higher number of nitrotyrosine-positive and
myeloperoxidase-positive cells compared with patients with
mild-to-moderate COPD, smokers with normal lung function,

Table 2. Hazard Ratios for Chronic Obstructive Pulmonary Disease by Category of Unprocessed and Processed
Red Meat Consumption in Study Participants (n = 43,848), Cohort of Swedish Men, 1998–2012

Red Meat Type and
Intake, g/day

No. of
Men Person-Years No. of

Cases
Age Adjusted Multivariate Adjusteda,b

HR 95% CI HR 95% CI

Unprocessed red meatc

<25.0 4,902 56,468 337 1.00 Referent 1.00 Referent

25.0–49.9 14,986 199,557 610 0.84 0.73, 0.96 0.92 0.80, 1.06

50.0–74.9 10,942 142,743 497 0.90 0.78, 1.03 0.97 0.84, 1.13

≥75.0 13,018 179,342 465 0.98 0.84, 1.14 1.00 0.85, 1.17

P for trend 0.51 0.61

Processed red meatd

<25.0 12,607 162,311 605 1.00 Referent 1.00 Referent

25.0–49.9 19,601 261,533 793 0.99 0.89, 1.10 1.07 0.96, 1.20

50.0–74.9 7,673 101,866 317 1.05 0.92, 1.20 1.10 0.96, 1.27

≥75.0 3,967 52,399 194 1.36 1.16, 1.61 1.21 1.02, 1.44

P for trend 0.001 0.03

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Adjusted for age (continuous), educational level (less than high school, high school graduate, or university),

body mass index (weight (kg)/height (m)2; <18.5, 18.5–24.9, 25.0–29.9, or ≥30.0), total physical activity (metabolic
equivalent of energy expenditure hours per day, in quintiles), smoking status and pack-years of smoking (never;
former smoker for <20, 20–39, or ≥40 pack-years; or current smoker for <20, 20–39, or ≥40 pack-years), intake of
energy (kcal/day, quintiles), alcohol consumption (g/day, in quintiles), Recommended Food Score (continuous),
and Non-Recommended Food Score (continuous).

b Unprocessed and processed red meat were included in the same multivariable model.
c The median ranged from 17.0 to 83.2 g/day.
d The median ranged from 15.6 to 91.2 g/day.
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and nonsmokers. Interestingly, among those COPD patients,
the number of nitrotyrosine-positive and myeloperoxidase-
positive cells negatively correlated with the postbronchodila-
tory forced expiratory volume in 1 second, which suggests the
possibility that nitrosative stress relates to irreversible airway
obstruction. Another potential mechanism whereby processed
red meat consumption may increase the risk of COPD is
through advanced glycation end-products, which are formed
through heat processing and also may have pro-inflammatory
properties (32).

Just like the investigators in the 2 preceding prospective
studies of processed meat and COPD (7, 10), we found that the
positive association of processed red meat consumption with
risk of COPD was confined to current and former smokers.
Indeed, this is compatible with an imbalance between free

radicals and antioxidant status. Moreover, because cigarette
smoke contains approximately 5,000 different chemical com-
pounds and is a major source of nitrites, there is a plethora of
mechanistic opportunities for harmful and toxic effects on the
lung via generated production of reactive oxygen species,
including reactive nitrogen species, and via other mechanisms
(9). In fact, the results of several studies highlight that cigarette
smoke leads to a high oxidative burden and a decreased antiox-
idant capacity in blood (33–35). In addition, impaired antioxi-
dant status was positively correlated with severity of COPD in
1 clinical study (34). Specifically, higher plasma lipid peroxi-
dation (measured as malondialdehyde) was associated with
higher risk of COPD progression. On the other hand, higher
catalase and erythrocyte glutathione activities were associated
with a decreased risk of progression of this disease.

Table 3. Hazard Ratios for Chronic Obstructive Pulmonary Disease by Category of Processed Red Meat
Consumption and Smoking Status in Study Participants, Cohort of Swedish Men, 1998–2012

Smoking Status and
Processed Meat

Consumption, g/day

No. of
Men Person-Years No. of

Cases

Age Adjusted Multivariate Adjusted

HR 95% CI HRa 95% CI

Ever smokersb,c

<25.0 7,879 99,514 541 1.00 Referent 1.00 Referent

25.0–49.9 12,326 161,574 729 1.02 0.92, 1.15 1.10 0.98, 1.24

50.0–74.9 4,833 62,926 293 1.06 0.92, 1.23 1.14 0.98, 1.32

≥75.0 2,549 32,948 175 1.32 1.11, 1.57 1.20 1.00, 1.44

P for trend 0.004 0.03

Current smokersb

<25.0 3,044 37,424 299 1.00 Referent 1.00 Referent

25.0–49.9 4,746 60,747 396 1.00 0.86, 1.16 1.06 0.90, 1.24

50.0–74.9 1,822 22,862 188 1.25 1.04, 1.50 1.27 1.04, 1.53

≥75.0 1,057 13,216 110 1.35 1.08, 1.68 1.26 1.00, 1.60

P for trend 0.001 0.01

Former smokersb

<25.0 4,835 62,091 242 1.00 Referent 1.00 Referent

25.0–49.9 7,580 100,827 333 1.09 0.92, 1.29 1.14 0.96, 1.36

50.0–74.9 3,011 40,064 105 0.89 0.71, 1,12 0.96 0.76, 1.22

≥75.0 1,492 19,732 63 1.24 0.94, 1,64 1.09 0.81, 1.47

P for trend 0.51 0.80

Never smokers

<25.0 4,558 60,756 56 1.00 Referent 1.00 Referent

25.0–49.9 7,037 96,961 50 0.70 0.47, 1.02 0.69 0.47, 1.03

50.0–74.9 2,749 37,732 19 0.74 0.44, 1.25 0.69 0.40, 1.19

≥75.0 1,363 18,747 17 0.69 0.86, 2.57 1.22 0.67, 2.22

P for trend 0.54 0.95

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Adjusted for age (continuous), educational level (less than high school, high school graduate, or university),

body mass index (weight (kg)/height (m)2; <18.5, 18.5–24.9, 25.0–29.9, or ≥30.0), total physical activity (metabolic
equivalent of energy expenditure hours per day, in quintiles), intake of energy (kcal/day, in quintiles), consumption
of alcohol (g/day, in quintiles), Recommended Food Score (continuous), Non-Recommended Food Score (continu-
ous), and consumption of unprocessed red meat (<25, 25–44.9, 45–74.9,or ≥75.0 g/day).

b Additionally adjusted for pack-years of smoking (<20, 20–39, or ≥40 pack-years).
c Ever smokers included both current and former smokers.
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The present study has several strengths, including the
population-based and prospective design, the detailed infor-
mation on diet, and the large number of incident COPD
cases. In addition, the available data on potential risk factors
for COPD allowed us to extensively adjust for confounders.
However, as in all observational studies, unmeasured or resid-
ual confounding cannot be disregarded. Although the food
frequency questionnaire used in this study had a relatively
high validity for intake of macronutrients and micronutrients,
misclassification of unprocessed, processed, and total red
meat consumption is inevitable. Because of the prospective
design, any misclassification of processed and unprocessed
red meat consumption would be nondifferential and would
most likely have attenuated rather than exaggerated the true
associations. Finally, in our study of COPD, we cannot rule

out that some patients classified as COPD had obtained the
diagnosis without the correct spirometry assessment, even
though this investigation is formally required for setting the
diagnosis of COPD. Ideally, new studies in this research area
should include this type of verifying spirometry, which would
presumably further strengthen the validity of the data.
Presumably, such new prospective studies in this area will
also benefit in accuracy from the fact that a higher proportion
of patents with COPD are now identified compared with
what was the case at the turn of the century (23).

In conclusion, consumption of processed, but not unpro-
cessed, red meat was positively associated with the risk of
COPD, particularly among current smokers. We speculate
that this finding relates to the high contents of nitrites in pro-
cessed meat and their role in oxidative stress and inflamma-
tory processes in the lung cells. Hypothetically, this type of
nitrite exposure may enhance the detrimental effects of
smoking. Our findings may be of importance for public
health because they indicate that not only smoking but also
processed red meat consumption might be modifiable risk
factors for COPD.
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