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Abstract
Cured meats are high in nitrites. Nitrites generate reactive nitrogen species that may cause damage to the lung. The objective is to assess
the relation between frequent consumption of cured meats and the risk of newly diagnosed chronic obstructive pulmonary disease
(COPD). Between 1986 and 1998, we identified 111 self-reported cases of newly diagnosed COPD among 42,915 men from the Health
Professionals Follow-up Study. The cumulative average intake of cured meats consumption (processed meats, bacon, hot dogs) was
calculated from food frequency questionnaires administrated in 1986, 1990 and 1994, and divided according to servings per week
(never/almost never, <1 serving/week, 1–3 serving/week, 4–6 serving/week, at least once/day). After adjustment for age, smoking status,
pack-years, pack-years2, energy intake, race/ethnicity, US region, body mass index and physical activity, the consumption of cured meats
was positively associated with the risk of newly diagnosed COPD: RR for highest vs. lowest intake = 2.64 (95% confidence interval, 1.39 –
5.00), p for trend = 0.002. In contrast to these findings, the consumption of cured meats was not associated with the risk of adult-onset
asthma. These data suggest that cured meat may worsen the adverse effects of smoking on risk of COPD.
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Cured meats contain various compounds added to meat products as preservatives and color fixatives1, among which the most important are
nitrites. Nitrites generate reactive nitrogen species that can amplify inflammatory processes in the airways and lung parenchyma causing DNA
damage, inhibition of mitochondrial respiration and nitrosative stress3. The long-term persistence of nitrosative stress may contribute to the
progressive deterioration of pulmonary function and may be implicated in the pathogenesis of chronic obstructive pulmonary disease (COPD)4.
Currently, COPD is the fourth leading cause of mortality in Europe and in the United States 5. With the increase in cigarette smoking in
developing countries, COPD is expected to become the third leading cause of death worldwide by 2020 6. Cigarette smoking is the most
important risk factor for COPD in developed nations7, but not all smokers develop COPD8 - an observation that suggests that others factors
also are involved. In the last decade, there has been a growing interest to identify foods related to the level of lung function or COPD symptoms
9. Most investigations have focused on foods with antioxidant properties, and not foods with a potential deleterious effect.
Two recent studies have tested the hypothesis that frequent consumption of cured meats increases the risk of COPD: a cross-sectional study
of more than 7,000 men and women10, and a longitudinal study of more than 71,000 women11. Both reported a positive association between
the frequent consumption of cured meats and an increased risk of COPD. Gender differences in the manifestations and diagnosis of obstructive
airway disease over the human life span12, as well as gender differences in food choices and energy intake13 provide a compelling rationale to
study the relation between cured meat and COPD among men as well. We therefore examined the association between cured meats
consumption and risk of newly diagnosed COPD in a prospective cohort of more than 40,000 men.

MATERIALS AND METHODS
Study population

The Health Professionals Follow-up Study, a prospective cohort study, began in 1986 when 51,529 US health professionals (dentists,
optometrists, pharmacists, podiatrists, and veterinarians) aged 40 to 75 years answered a detailed mailed questionnaire that included a diet
survey and items on lifestyle practice and medical history. Follow-up questionnaires were sent every two years thereafter to update information
on smoking habits, physical activity, weight, and other risk factors and to ascertain newly diagnosed medical conditions. Dietary intake data
were collected in 1986, and every four years thereafter with a 131-item food frequency questionnaire. The study is being conducted according
to the ethical guidelines of Brigham and Women’s Hospital (Boston, USA).
Men who did not satisfy a reported daily energy intake between 3.3 and 17.6 megajoules (800 and 4200 kilocalories) or who left blank
more than 70 of a total of 131 food items on the diet questionnaire were excluded. We further excluded 232 men with confirmed COPD at
baseline or missing date of diagnoses, 1,834 with reported asthma, and 272 with unconfirmed COPD at baseline or during the follow-up. The
final baseline population included 42,915 men.
Consumption of cured meats
Cured meats consumption was defined as the total consumption of processed meats, bacon and hot dogs, which were asked as three
separate questions: “how often on average you have used the amount specified during the past year: 1) processed meats, e.g. sausage, salami,
bologna, … (slice); 2) bacon (2 slices); 3) hot dogs (1)”. Participants indicated their average frequency of consumption over the past year in
terms of the specified serving size by checking 1 of 9 frequency categories ranging from “almost never” to “≥6 times/d.” The selected frequency
category for each food item was converted to a daily intake. Cured meats consumption was identified from food frequency questionnaires
administrated in 1986, 1990 and 1994. To reduce measurement errors and to represent long-term dietary intake, the cumulative average of
cured meats consumption was calculated, and then divided into five categories according to the number of servings per week: never/almost
never, <1 serving/week, 1–3 serving/week, 4–6 serving/week, and at least once/day. The cumulative average incorporated repeated measures of
diet14. With this approach, the 1986 cured meat consumption was used to predict newly-diagnosed COPD in 1986 –1990, an average of the
1986 and 1990 cured meat consumption, to predict COPD in 1990–1994 and the average of the 1986, 1990 and 1994 cured meat consumption,
to predict COPD from 1994 to 1998. The individual associations with processed meats, bacon and hot dogs were also investigated in relation
with newly diagnosed COPD. The cumulative average was calculated for each one of these cured meats, and then divided into three categories
according to the number of servings per week (never/almost never, <1 serving/week, and at least once/week).
Assessment of respiratory phenotypes
Because the Health Professionals Follow-up Study includes many participants dispersed throughout the US and is conducted by mail, the
diagnosis of COPD was assessed by questionnaire and did not include spirometry. Supplemental questionnaires were sent in 1998 and 2000 to
all participants who reported chronic bronchitis or emphysema on the biennial questionnaires. Self-reported COPD was defined by the
affirmative response to physician-diagnosed chronic bronchitis or emphysema on the biennial questionnaires, confirmation of chronic
bronchitis, emphysema or COPD on the supplemental COPD questionnaire, plus report of a diagnostic test at diagnosis (pulmonary function
testing, chest radiograph, or chest computed tomography). This epidemiologic definition was validated in a random sample of another cohort of
health professionals15. Between 1986 and 1998, 111 cases of newly diagnosed COPD that were reported met these criteria.
Asthma was also self-reported and was defined by a new physician diagnosis of asthma on the biennial questionnaires, confirmation on the
supplemental asthma questionnaire, plus use of medication for asthma in the twelve months preceding the supplemental questionnaire. Between
1986 and 1998, 212 new cases of adult-onset asthma were reported.
Assessment of others variables
Total calorie intake was estimated through the food frequency questionnaire, expressed in kilocalorie per day (kcal/d). Information on
smoking status included the categories never smokers, ex smokers, and current smokers. We further characterized smokers using their lifetime
pack-years of smoking and pack- years square (pack-years2); prior analyses have demonstrated that including both measures optimally controls
for the association between smoking and COPD risk. Data on race/ethnicity and region also were collected. Race/ethnicity was categorized in
two classes (white, non-white), and US region was categorized in three classes (East South Central, Mountain and others regions). Body mass
index (BMI), physical activity and multivitamin use were assessed every two years by self-reported questionnaires. BMI was calculated as
weight/height2 (kg/m2) and was categorized into four classes: ≤ 20.0, 20.0–24.9, 25.0–29.9, ≥ 30.0 kg/m2. Men also reported physical activity,
including a variety of activities such as walking, bicycle, swimming or tennis. Physical activity was measured in metabolic equivalent-hours
per weeks (METs), where one metabolic equivalent was equal to the energy expended at the basal metabolic rate or at rest.
Previously, in this cohort of men, a strong association between dietary patterns and the risk of newly diagnosed COPD was reported 16. The
“prudent pattern” was loaded by a high consumption of fruits, vegetables, fish and whole grains and was negatively associated with newly

diagnosed COPD, whereas the “western pattern” was loaded by a high intake of refined grains, cured and red meats, desserts and sweets and
French fries and was positively associated with newly diagnosed COPD. Because cured meats are a food group included in the western pattern,
we derived a new western pattern without contribution from cured meats, and we termed this the “modified western pattern”.
Statistical analysis
Statistical analyses included Chi-squared, analysis of variance, linear regression and Cox proportional hazard regression models. Cox
proportional hazards models were adjusted for age and energy intake and then for seven variables (smoking status, pack-years, pack-years 2,
race/ethnicity, US region, BMI and physical activity). We intensively adjusted for smoking (smoking status, pack-years, pack-years2) because
it is the main risk factor for COPD and because smokers tend to have a different diet than non smokers 17. We also adjusted for race/ethnicity
because death rates from COPD are rising faster in African Americans than in whites 18 and because diet is highly related to racial/ethnic
identity. To take into account geographical disparities in COPD and diet across the US, we also adjusted for US region. The adjustment for
BMI and physical activity was motivated by the strong interrelationships between diet, BMI and physical activity. Furthermore, low BMI is
highly related to COPD19 and it has been reported that physical activity is associated with lower risk of COPD 20.
In a subsequent analysis, we also adjusted for the prudent dietary pattern and the “modified western pattern” to better assess the individual
effect of cured meat intake and to control for the other potential deleterious effect of the Western diet. All analyses were conducted using SAS
software, version 9 (Cary, NC, USA).

RESULTS
The characteristics of the cohort, according to the consumption of cured meats, are presented in table 1. Compared with men eating the
most cured meats (≥1 serving/day), men with the lowest intake of cured meats (never/almost never) were more physically active, less likely to
be current smokers and had a lower BMI. Men with the highest consumption of cured meats were more likely to eat processed meats than to eat
bacon or hot dogs. At baseline, 27% of men reported that they never ate processed meat, while 51% ate less than one serving per week and 22%
ate at least one serving per week. The comparable analysis for bacon yielded 38% never, 50% less than one serving per week, and 12% at least
one serving per week. Likewise, the results for hot dogs were 44% never, 51% less than once per week, and 5% at least once per week. The
consumption of cured meats was positively associated with the risk of newly diagnosed COPD in age-adjusted analysis (RR for highest vs.
lowest consumption of cured meats [95%CI] was 4.09 [2.32–7.22], with p for trend < 0.001), and even after adjustment for age and energy
intake (Table 2). After controlling for smoking status, pack-years and pack-years2, the positive association between cured meats and the risk of
newly diagnosed COPD remained. Further adjustments for race/ethnicity, US region, BMI and physical activity revealed the same significant
positive association (table 2). Further adjustment for the prudent diet led to similar results: RR for highest vs. lowest consumption of cured
meats [95%CI] was 2.43 [1.26–4.68], with p for trend = 0.006. Adjustment for the “modified western pattern” led to a borderline significant
association: RR for highest vs. lowest consumption of cured meats [95%CI] was 1.88 [0.96–3.69], with p for trend = 0.06. The “modified
western pattern” remained highly related to the risk of newly diagnosed COPD after adjustment for cured meats (RR for highest vs. lowest
quintile of the “modified western pattern” [95%CI] was 4.49 [1.67–12.07], with p for trend = 0.001).
When the population was restricted to men without cancer or cardiovascular disease at baseline (n =35,284), similar associations were
found. The consumption of cured meats was positively associated with the risk of newly diagnosed COPD after adjustment for age and energy
intake: RR for highest vs. lowest consumption of cured meats (95%CI) was 3.56 (1.46–8.66), with p for trend < 0.001. Further adjustment for
smoking status, pack-years, pack-years2, race/ethnicity, US region, BMI and physical activity led to similar result the RR for highest vs. lowest
consumption of cured meats [95%CI] was 1.81 [0.88–4.76], with p for trend = 0.01.
Of the three individual cured meats foods (processed meats, bacon, hot dogs), only the consumption of processed meats was significantly
associated with the risk of newly diagnosed COPD (RR for highest vs. lowest consumption of processed meats [95%CI] was 1.93 [1.13–3.28],
with p for trend = 0.02). A significant association was found for the consumption of bacon (RR for highest vs. lowest consumption of bacon [95
%CI] was 1.79 [0.99–3.22], with p for trend = 0.03) and no relation was found for hot dogs consumption (p for trend = 0.43).

On average over the study period, among the 111 cases of COPD, about 86 % reported a history of cigarette smoking. Considering different
time periods, the cases occurring between 1990 and 1992 (n=12) had the highest proportion of smokers: 67% were smokers and 12% were ex
smokers. Considering “ever smoker” (n=96 cases), the age-adjusted RR [95% CI] for ever smokers vs. never smokers was 3.90 [2.26–6.72], p <
0.001. Because smoking is the main risk factor for COPD, we conducted additional analyses excluding never smokers. This analysis was
performed among 27,755 men with a history of cigarette smoking (96 cases) and we found that the consumption of cured meats was strongly
and positively associated with the risk of newly diagnosed COPD (table 3).

To examine whether smoking status modifies the relationship between cured meat consumption and COPD risk, we conducted multivariate
analyses stratified according to smoking status (table 4). We combined the two highest categories of cured meats consumption because of the
small number of cases. After adjustment for age, energy intake, smoking status, pack-years and pack-years 2, the relative risk comparing the
highest vs. the lowest categories of cured meat consumption was 2.39 [95% CI, 0.91–6.27], with p for trend = 0.07 in past smokers and was 2.69
[95% CI, 1.11–6.56], with p for trend = 0.03 in current smokers.

Although the primary outcome of this study was newly diagnosed COPD, we also examined the relation between cured meats with
adult-onset asthma, due to the potential overlap between the diagnoses of COPD and asthma ( table 5). In contrast with the risk of newly
diagnosed COPD, no association was found between the consumption of cured meats and the risk of adult-onset asthma.

DISCUSSION
In this large prospective cohort of US men during 12 years of follow-up, the risk of newly diagnosed COPD increased with a greater
consumption of cured meats after adjustment for many important confounders. Among the individual cured meats, consumption of processed
meats was significantly associated with the risk of newly diagnosed COPD and a borderline significant association was found for bacon. In
contrast to the COPD findings, there was no association between consumption of cured meats and risk of adult-onset asthma.
The sodium salts of nitrate (NaNO3) and nitrite (NaNO2) are used in the curing and preserving of processed meats. They are used for three
purposes: to preserve color, especially the pink color for hot dogs and other cured meats; to enhance flavor by inhibiting rancidity; and to
protect against bacterial growth2. Regulations controlling the use of curing agents were established in the USA in 1926, and the same rules are
in effect at present, with slight modification. The critical feature of these rules is that a maximum use level of sodium nitrite is defined: no more
than one-quarter ounce (7.1 g) may be used per 100 pounds (45.4 kg) of meat. Bacon has been a focus of special attention. Because it is so
widely consumed and the risk of infection with anaerobic Clostridium botulinum is relatively high2, the regulations were changed for bacon
with ingoing nitrite targeted at 200 ppm. A similar regulation was applied to other cured meats, such as ham, sausages and corned beef.
In an inflammatory microenvironment, exaggerated production of NO in the presence of “oxidative stress” may produce the formation of
strong oxidizing reactive nitrogen species, such as peroxynitrite, leading to nitration which provoke DNA damage, inhibition of mitochondrial
respiration, protein dysfunction and cell damage (“nitrosative stress”)21, 22. Reactive nitrogen species have been implicated in the pathogenesis
of COPD4. The level of nitrotyrosine immunoreactivity, a marker or production of reactive nitrogen species, was higher in COPD patients than
in healthy subjects23 and correlated with the level of obstruction in COPD patients24, suggesting that nitrosative stress might be involved both
in the risk of COPD and in the progression of the disease. These findings are also consistent with animal studies reporting that rats drinking
water enriched with sodium nitrite for two-years, developed pulmonary emphysema25.
The hypothesis that frequent consumption of cured meats might be associated with increased risk of COPD was first tested in a
cross-sectional study of 7,432 men and women in the Third National Health and Nutrition Examination Survey 10. Jiang et al. reported that
frequent consumption of cured meats was associated with low lung function (forced expiratory volume in one second - FEV 1) and with an
increased risk of COPD. To address a possible reverse causation due to the cross-sectional design, Jiang et al. then tested the association in a
longitudinal study from 1984 to 2000 of more than 71,000 US women11. The longitudinal analysis supported the hypothesis that frequent
consumption of cured meats was positively associated with the risk of newly diagnosed COPD in women.
Prior epidemiological studies suggested a beneficial association between foods rich in antioxidants and COPD status or FEV 1 level9. Most
of these epidemiological studies are cross- sectional26–29, but the few longitudinal studies also have reported a negative association between
intake of fruits, vegetables and vitamin C and the decline of FEV 1 30–32. Previously, it was reported in this male cohort a strong association
between the prudent dietary pattern and the risk of newly diagnosed COPD 16. Adjustment for this “protective” diet did not affect our finding of
a strong, independent, positive association between cured meat consumption and COPD risk. It also was previously reported a strong positive
association between the western dietary pattern and COPD risk16. Because the western pattern was highly loaded by the cured meats food
group, a new pattern was derived in the present analysis to exclude this food group. The association between cured meat and the risk of newly
diagnosed COPD remained, although with wider confidence intervals and marginal significance, after taking into account the “modified
western pattern”. The Western pattern was also loaded by refined grains, red meats, desserts and sweets and French fries and among all these
food groups, only cured meats increased the risk of COPD. We also note that the “modified western pattern” remained strongly associated with
the risk of newly diagnosed COPD after adjustment for cured meats and that both the “modified western diet” and cured meat contributed
independently to the risk of COPD.
The study has several potential limitations. First, we acknowledge that the association between cured meats and newly diagnosed COPD
may be due, in part, to a residual confounding by cigarette smoking. To minimize this possibility, multivariate models were adjusted with

multiple measures of tobacco exposure (smoking habits, pack-years and pack-years2) and despite the small numbers of cases, stratified analysis
according to smoking status yielded comparable results. Nevertheless, residual confounding effect by smoking remains an issue. Furthermore,
we were not able to adjust for environmental tobacco smoke, which remains an important risk factor for COPD 33. Nevertheless, adjustment of
cured meats and COPD analyses in the Nurses’ Health Study for environmental tobacco smoke did not attenuate the association11.
Secondly, newly diagnosed COPD was defined by a self-reported physician-diagnosis of COPD and no lung function results were
available. Nevertheless, validation of an identical, questionnaire-based definition of newly diagnosed COPD in a similar study of female health
professionals showed that 80% of a random sample of cases meeting this definition had medical record documentation of COPD, and the mean
FEV1 among those with available spirometry reports was 50 percent of predicted15. In addition, since the main source of misclassification of
COPD reported by health professionals was misdiagnosis with asthma, we examined the association of cured meats and the risk of adult-onset
asthma. The complete lack of association of cured meat intake with asthma suggests that our findings are unlikely to be due to misclassification
with asthma. While we acknowledge the potential for some misclassifications, the HPFS data allowed us to investigate the relationship between
cured meats and COPD in a very large population, with repeated measurements of both diet and COPD status.
Even if diet is assessed every four years with accurate food frequency questionnaires, we lacked a specific measure of nitrite intake to more
specifically examine the biological mechanism that we believe explains our results. However, cured meats contain thousands of biologically
active phytochemicals other than nitrites and it remains possible that they too might be involved in the increase risk of COPD. For example,
cured meats are rich in sodium and experimental studies suggest that a high intake of sodium may increase bronchial hyperresponsiveness,
although the association with other respiratory endpoints such as medication use and lung function was not consistent34.
In summary, the consumption of cured meats was positively associated with the risk of newly diagnosed COPD. Although several
compounds may be responsible for this finding, we believe that nitrites provide a very plausible biological mechanism. Because of emerging
evidence regarding the deleterious effect of cured meats in other diseases (e.g., cancer35 and diabetes36), we recommended reduce daily intake
of cured meats. For COPD prevention, the most important public health message remains smoking cessation but our data suggest that diet,
another modifiable risk factor, might influence COPD risk. Future studies of actual levels of nitrite intake and COPD risk would be useful, as
well as the examination of this novel association in other datasets.
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BMI: body mass index
CI: confidence interval
COPD: chronic obstructive pulmonary disease
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kcal/day: kilocalories per day
kg/m2 : kilogram by meter square
METs/week: metabolic equivalents per week
Pack-years2 : pack-years square
RR: relative risk

References:
1. Jakszyn P , Agudo A , Ibanez R Development of a food database of nitrosamines, heterocyclic amines, and polycyclic aromatic hydrocarbons. J Nutr. 2004; 134: 2011- 4
2. Lijinsky W N-Nitroso compounds in the diet. Mutat Res. 1999; 443: 129- 38
3. Ricciardolo FL , Di Stefano A , Sabatini F Reactive nitrogen species in the respiratory tract. Eur J Pharmacol. 2006; 533: 240- 52
4. Kharitonov SA , Barnes PJ Nitric oxide, nitrotyrosine, and nitric oxide modulators in asthma and chronic obstructive pulmonary disease. Curr Allergy Asthma Rep. 2003; 3: 1219

5. Pauwels RA , Buist AS , Calverley PM Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease. NHLBI/WHO Global Initiative
for Chronic Obstructive Lung Disease (GOLD) Workshop summary. Am J Respir Crit Care Med. 2001; 163: 1256- 1276
6. Murray CJ , Lopez AD Alternative projections of mortality and disability by cause 1990–2020: Global Burden of Disease Study. Lancet. 1997; 349: 1498- 1504
7. Peto R , Lopez AD , Boreham J Mortality from tobacco in developed countries: indirect estimation from national vital statistics. Lancet. 1992; 339: 1268- 1278
8. Devereux G ABC of chronic obstructive pulmonary disease. Definition, epidemiology, and risk factors. BMJ. 2006; 332: 1142- 1144
9. Romieu I Nutrition and lung health. Int J Tuberc Lung Dis. 2005; 9: 362- 374

10. Jiang R , Paik DC , Hankinson J Consumption of cured meats, lung function and chronic obstructive pulmonary disease among US adults. Am J Respir Crit Care Med. 2007;
175: 798- 804
11.. Jiang R , Varraso R , Camargo CA Jr Prospective study of cured meats intake and risk of chronic obstructive pulmonary disease in US women. Proc Am Thorac Soc. 2007;
A91312. Becklake MR , Kauffmann F Gender differences in airway behaviour over the human life span. Thorax. 1999; 54: 1119- 38
13. Bates CJ , Prentice A , Finch S Gender differences in food and nutrient intakes and status indices from the National Diet and Nutrition Survey of people aged 65 years and over.
Eur J Clin Nutr. 1999; 53: 694- 9
14. Hu FB , Stampfer MJ , Rimm E Dietary fat and coronary heart disease: a comparison of approaches for adjusting for total energy intake and modeling repeated dietary
measurements. Am J Epidemiol. 1999; 149: 531- 40
15. Barr RG , Herbstman J , Speizer FE Validation of self-reported chronic obstructive pulmonary disease in a cohort study of nurses. Am J Epidemiol. 2002; 155: 965- 71
16.. Varraso R , Fung TT , Hu FR Prospective study of dietary patterns and chronic obstructive pulmonary disease among US men. Thorax. 2007;
17. Osler M , Tjonneland A , Suntum M Does the association between smoking status and selected healthy foods depend on gender? A population-based study of 54 417
middle-aged Danes. Eur J Clin Nutr. 2002; 56: 57- 63
18. Dransfield MT , Bailey WC COPD: racial disparities in susceptibility, treatment, and outcomes. Clin Chest Med. 2006; 27: 463- 71
19. Vestbo J , Prescott E , Almdal T Body mass, fat-free body mass, and prognosis in patients with chronic obstructive pulmonary disease from a random population sample:
findings from the Copenhagen City Heart Study. Am J Respir Crit Care Med. 2006; 173: 79- 83
20. Garcia-Aymerich J , Lange P , Benet M Regular physical activity modifies smoking-related lung function decline and reduces risk of chronic obstructive pulmonary disease: a
population-based cohort study. Am J Respir Crit Care Med. 2007; 175: 458- 63
21. Ricciardolo FL , Sterk PJ , Gaston B Nitric oxide in health and disease of the respiratory system. Physiol Rev. 2004; 84: 731- 65
22. Folkerts G , Kloek J , Muijsers RB Reactive nitrogen and oxygen species in airway inflammation. Eur J Pharmacol. 2001; 429: 251- 62
23. Ichinose M , Sugiura H , Yamagata S Increase in reactive nitrogen species production in chronic obstructive pulmonary disease airways. Am J Respir Crit Care Med. 2000; 162:
701- 6
24. Ricciardolo FL , Caramori G , Ito K Nitrosative stress in the bronchial mucosa of severe chronic obstructive pulmonary disease. J Allergy Clin Immunol. 2005; 116: 1028- 35
25. Shuval HI , Gruener N Epidemiological and toxicological aspects of nitrates and nitrites in the environment. Am J Public Health. 1972; 62: 1045- 52
26. Britton JR , Pavord ID , Richards KA Dietary antioxidant vitamin intake and lung function in the general population. Am J Respir Crit Care Med. 1995; 151: 1383- 1387
27. Hu G , Cassano PA Antioxidant nutrients and pulmonary function: the Third National Health and Nutrition Examination Survey (NHANES III). Am J Epidemiol. 2000; 151:
975- 981
28. Tabak C , Arts IC , Smit HA Chronic obstructive pulmonary disease and intake of catechins, flavonols, and flavones: the MORGEN Study. Am J Respir Crit Care Med. 2001;
164: 61- 64
29. Kelly Y , Sacker A , Marmot M Nutrition and respiratory health in adults: findings from the health survey for Scotland. Eur Respir J. 2003; 21: 664- 671
30. Carey IM , Strachan DP , Cook DG Effects of changes in fresh fruit consumption on ventilatory function in healthy British adults. Am J Respir Crit Care Med. 1998; 158: 728733
31. Butland BK , Fehily AM , Elwood PC Diet, lung function, and lung function decline in a cohort of 2512 middle aged men. Thorax. 2000; 55: 102- 108
32. McKeever TM , Scrivener S , Broadfield E Prospective study of diet and decline in lung function in a general population. Am J Respir Crit Care Med. 2002; 165: 1299- 1303
33. Eisner MD , Balmes J , Katz PP Lifetime environmental tobacco smoke exposure and the risk of chronic obstructive pulmonary disease. Environ Health. 2005; 4: 734. Smith HA Chronic obstructive pulmonary disease, asthma and protective effects of food intake: from hypothesis to evidence?. Respir Res. 2001; 2: 261- 264
35. Michaud DS , Holick CN , Giovannucci E Meat intake and bladder cancer risk in 2 prospective cohort studies. Am J Clin Nutr. 2006; 84: 1177- 83
36. Schulze MB , Manson JE , Willett WC Processed meat intake and incidence of type 2 diabetes in younger and middle-aged women. Diabetologia. 2003; 46: 1465- 73

Table 1
Age-standardized baseline characteristics in 42,915 men, according to consumption of cured meats in 1986, Health Professionals Follow-up Study, USA, 1986 –1998.
Frequency of cured meats consumption
Cured meats consumption*
Processed meats (servings/week)
Bacon (servings/week)
Hot dogs (servings/week)
Total energy (kcal)*
Smoking habits (%)
Never smokers
Ex- smokers
Current smokers
Pack- years of smoking
White race/ethnicity (%)
US region (%)
ES central
Mountain
Others regions
Body mass index (kg/m2)*
Physical activity (METs/week)* †
Antioxidant foods consumption*
Total vegetables (servings/day)
Fruits (servings/day)
Fish (servings/day)
* Age-adjusted mean
† METs: metabolic equivalent.

Never/almost never (n=6,580)

<l/week (n=10,828)

1–3 /week (n=9,369)

4–6 /week (n=7,819)

1/day (n=8,319)

0.0
0.0
0.0
1763

0.3
0.2
0.2
1814

0.7
0.6
0.5
1936

1.6
1.0
0.6
2062

3.5
2.3
1.2
2364

52
40
4
8.8
89

48
41
7
10.6
91

45
42
9
12.3
91

44
41
11
13.0
92

41
42
14
14.8
92

2
7
90
24.5
32.0

3
7
89
25.3
25.8

4
8
88
25.6
25.2

5
8
87
25.8
23.4

6
7
87
26.0
23.1

3.4
2.2
0.5

2.9
1.7
0.4

2.7
1.5
0.4

2.8
1.4
0.3

2.9
1.4
0.3

Table 2
Association between consumption of the cumulative average of cured meats and newly diagnosed COPD, Health Professionals Follow-up Study, USA, 1986 –1998, n=42,915 men
Frequency of cured meats consumption
Never/almost never
10
37806
1.00
1.00
1.00

< 1 serving/week
19
62212
1.34 (0.73–2.43)
1.43 (0.78–2.62)
1.29 (0.69–2.42)

No. of cases
Person-years
RR (95% CI) – adjustment 1*
RR (95 % CI) – adjustment 2†
RR (95 % CI) – adjustment 3‡
RR denotes relative risk; CI, confidence interval.
* Multivariate RRs have been adjusted for age and energy intake
† Multivariate RRs have been adjusted for age, energy intake, smoking status, pack-years, pack-years 2.

1–3 serving/week

4–6 serving/week

1 serving/day

p for trend

15
54112
1.12 (0.55–2.29)
1.10 (0.54–2.27)
0.97 (0.46–2.04)

20
44899
2.00 (1.04–3.81)
1.79 (0.93–3.46)
1.57 (0.79–3.11)

47
47793
3.86 (2.13–6.97)
3.06 (1.66–5.60)
2.64 (1.39–5.00)

<0.001
<0.001
0.002

‡ Multivariate RRs have been adjusted for age, energy intake, smoking status, pack-years, pack-years 2, race/ethnicity, US region, body mass index and physical activity.

Table 3
Association between consumption of the cumulative average of cured meats and newly diagnosed COPD in ex and current smokers, Health Professionals Follow-up Study, USA, 1986 –1998, n=27,755 men.
Frequency of cured meats consumption
1–3 serving/week
4–6 serving/week
1 serving/day
Never/almost never
< 1 serving/week
p for trend
No. of cases
12
23
12
18
31
Person-years
39832
39600
24576
20638
20038
RR (95% CI) – adjustment 1*
1.99 (0.98–4.04)
1.76 (0.79–3.96)
3.06 (1.45–6.44)
5.54 (2.76–11.13)
1.00
<0.001
RR (95 % CI) – adjustment 2†
2.04 (1.00–4.19)
1.62 (0.71–3.67)–
2.62 (1.23–5.57)
4.30 (2.11–8.78)
1.00
<0.001
RR (95 % CI) – adjustment 3‡
1.88 (0.89–3.97)
1.45 (0.61–3.41)
2.32 (1.05–5.14)
3.78 (1.77–8.08)
1.00
0.001
RR denotes relative risk; CI, confidence interval.
* Multivariate RRs have been adjusted for age and energy intake
† Multivariate RRs have been adjusted for age, energy intake, smoking status (ex or current smokers), pack-years, pack-years 2.
‡ Multivariate RRs have been adjusted for age, energy intake, smoking status (ex or current smokers), pack-years, pack-years 2, race/ethnicity, US region, body mass index and physical activity.
Table 4
Association between consumption of the cumulative average of cured meats and newly diagnosed COPD according to smoking, Health Professionals Follow-up Study, USA, 1986 –1998.
Frequency of cured meats consumption
Never/almost never
IN EX SMOKERS
No. of cases
5
Person-years
21936
RR (95% CI) – adjustment 1*
1.00
RR (95 % CI) – adjustment 2†
1.00
IN CURRENT SMOKERS
No. of cases
7
Person-years
17896
RR (95% CI) – adjustment 1*
1.00
RR (95 % CI) – adjustment 2†
1.00
RR denotes relative risk; CI, confidence interval.
* Multivariate RRs have been adjusted for age and energy intake.
† Multivariate RRs have been adjusted for age, energy intake, pack-years and pack-years 2.

< 1 serving/week

1 serving/week

p for trend

12
28434
2.00 (0.70–5.70)
1.88 (0.66–5.35)

30
47362
2.85 (1.09–7.45)
2.39 (0.91–6.27)

0.03
0.07

11
11166
2.49 (0.92–6.76)
2.06 (0.76–5.58)

31
17890
4.93 (2.07–11.76)
2.69 (1.11–6.56)

<0.001
0.03

Table 5
Association between consumption of the cumulative average of cured meats and adult onset asthma in men, Health Professionals Follow-up Study, USA, 1986 –1998.
Frequency of cured meats consumption
Never/almost never
28
37768
1.00
1.00
1.00

< 1 serving/week
50
62127
1.26 (0.86–1.85)
1.17 (0.80–1.72)
1.11 (0.76–1.72)

1–3 serving/week

4–6 serving/week

1 serving/day

No. of cases
47
49
38
Person-years
54151
44761
47556
RR (95% CI) – adjustment 1*
1.30 (0.85–1.99)
1.30 (0.82–2.04)
1.07 (0.65–1.77)
RR (95 % CI) – adjustment 2†
1.20 (0.78–1.84)
1.21 (0.77–1.92)
1.02 (0.61–1.69)
RR (95 % CI) – adjustment 3‡
1.18 (0.79–1.82)
1.19 (0.81–1.87)
0.99 (0.60–1.69)
RR denotes relative risk; CI, confidence interval.
* Multivariate RRs have been adjusted for age and energy intake
† Multivariate RRs have been adjusted for age, energy intake, smoking status, pack-years, pack-years 2.
‡ Multivariate RRs have been adjusted for age, energy intake, smoking status, pack-years, pack-years 2, race/ethnicity, US region, body mass index and physical activity.

p for trend

0.63
0.80
0.88

