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Abstract

Introduction—Childhood exposure to environmental tobacco smoke has been extensively
associated with childhood respiratory illness; fewer data address adult effects.

Methods—We examined childhood environmental tobacco smoke exposure in relation to chronic
cough, phlegm and asthma diagnosis among never smokers from a cohort of Singaporeans of Chinese
ethnicity, aged 45-74 at enrollment from 1993 to 1998. From 1999 to 2004, subjects were interviewed
regarding environmental tobacco smoke exposure before and after age 18 and the presence and
duration of current symptoms of chronic cough and phlegm production and asthma diagnosis.

Results—Among 35,000 never smokers, fewer had smoking mothers (19%) than fathers (48%).
Although few subjects currently lived (20%) or worked (4%) with smokers, 65% reported living with
adaily smoker before age 18 years. Living with a smoker before age 18 increased the odds of chronic
dry cough (149 cases, OR = 2.1, 95% CI 1.4-3.3) and, to a lesser extent, phlegm, after adjustment
for age, gender, dialect group and current and past exposure to smokers at home and at work after
age 18. Associations strengthened with higher numbers of smokers in childhood. There was no
association with asthma or chronic bronchitis. We found suggestive evidence of a stronger association
among subjects with lower adult intake of fiber, which we previously found to be protective for
respiratory symptoms.

Conclusions—In this large study of nonsmokers, living with a smoker in childhood was associated
with chronic dry cough and phlegm in adulthood, independently of later exposures to environmental
tobacco smoke.
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INTRODUCTION

Childhood exposure to environmental tobacco smoke (ETS) has been consistently associated
with childhood respiratory illness and symptoms, including bronchitis, pneumonia, cough,
phlegm, breathlessness, wheeze, and asthma (reviewed in [1]). Several studies have suggested
that ETS exposure in adulthood is associated with nonmalignant respiratory disease (reviewed
in [2]); however, data on the relation between childhood exposure to ETS and nonmalignant
respiratory illness in adults are somewhat inconsistent.[3] [4] [5] [6] [7] [8] [°] [10] [11] [12]
Most of these studies deal with asthma alone.

Findings on childhood ETS exposure in relation to adult respiratory symptoms and illnesses
are likely confounded by the strong association between active smoking and these outcomes.
Exposure to tobacco smoke in early life may influence smoking behavior later in life.[6] Of
the studies with data on childhood ETS exposure and adult respiratory illness, most have a
large proportion of smokers. The study of nonsmokers offers the advantage of virtually
eliminating residual confounding by smoking. The usefulness of restricting the analysis to
nonsmokers in the elimination of bias due to uncontrollable confounding by active smoking
has been demonstrated for the study of leanness in relation to lung cancer.[13]

We examined whether exposure to ETS as a child increases the prevalence of adult chronic
cough, phlegm and asthma in a population of 35,000 lifetime never smokers from the Singapore
Chinese Health Study. We also considered whether the effects of childhood exposure to tobacco
smoke in the home might be modified by intake of non-starch polysaccharides, a form of dietary
fiber that is associated with reduced chronic respiratory symptoms in this cohort.[14]

METHODS

Study Population

The design of the Singapore Chinese Health Study has been previously described.[15] In brief,
the cohort was drawn from the population of men and women of Chinese ethnicity, aged 45 to
74 years, who were permanent residents or citizens of Singapore and resided in government-
built housing estates, which housed 86% of the population during the period of subject
enrollment. The study was restricted to individuals belonging to the two major Chinese dialect
groups in Singapore: Cantonese and Hokkien. Between April 1993 and December 1998, we
enrolled 63,257 individuals (85% of those eligible). Baseline questionnaires were administered
by trained interviewers in the subjects’ homes and elicited information on demographics, active
smoking, and medical history. The baseline interview included a 165-item quantitative food
frequency questionnaire which was developed for and validated in this population[16],
enabling estimation of intake of non-starch polysaccharides, a form of dietary fiber.[14]

Beginning in 1999, subjects were interviewed by telephone, regarding active smoking, history
of ETS exposure before and after age 18, and the presence and duration of respiratory
symptoms. The protocol was reviewed and approved by the Institutional Review Boards of the
University of Southern California, the National University of Singapore, and the U.S. National
Institute of Environmental Health Sciences.

As of December 31, 2004, there were 7,722 deaths in the overall cohort. The follow-up
telephone interview was completed for 52,325 individuals. The average time between the
baseline and follow-up interviews was 5.8 years. We restricted the analysis to the 35,000 never
smokers defined by a “NO” response to the question at baseline about ever having smoked at
least one cigarette a day for one year or longer and a further “NO” response to the question
“Have you smoked at least 100 cigarettes in your lifetime?” on the follow-up interview.
Smoking histories were not validated by biomarkers; however, studies comparing serum
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cotinine data with self-reported tobacco use suggest that there is little misclassification of
nonsmokers based on self-report in surveys of the general population. [17] [18]

We used American Thoracic Society questionnaire items (ATS-DLD-78-A) to assess history
of asthma, cough, and phlegm production (see online supplement Appendix 1). [19] Because
we were interested in the general question of whether early life exposure to smokers increased
later risk of respiratory outcome, we wanted to compare these various outcomes to a common
group of individuals who had no respiratory impairment. Therefore, we divided subjects into
mutually exclusive categories based on asthma, cough and phlegm. Chronic was defined as
occurring on most days for at least three months of the year, lasting more than two years in a
row. We first classified subjects according to report of doctor-diagnosed asthma and then
classified those without this report according to the presence of chronic cough and/or phlegm
or if these symptoms did not meet the definition of chronic, into a combined recent symptoms
category. The categories were doctor-diagnosed asthma (1504 cases), recent cough and/or
phlegm (1320), chronic phlegm (700), chronic cough (185), chronic cough plus phlegm
(chronic bronchitis) (149), and a referent group with no cough, phlegm, or asthma (31,142).
The objective of this study was to examine the association between early life exposure to ETS
and chronic respiratory symptoms in adults; therefore, analyses of the 1320 individuals
reporting recent cough and/or phlegm are not included in the tables for space reasons, but can
be found in the online supplement Appendix 2.

Statistical Analysis

RESULTS

We examined the odds of chronic respiratory symptoms in adults in relation to exposure to
ETS in early life and adulthood. Odds ratios (ORs) and 95 percent confidence intervals (CIs)
were calculated from unconditional logistic regression models (version 9.0; SAS Institute,
Cary, NC). We represented childhood exposure, defined as birth to age 18, with a semi-
quantitative variable representing the minimum number of smokers an individual lived with
during childhood from the number of categories marked regarding who smoked in the
household [father, mother, grandparent(s), sibling(s), and other person(s)] (see online
supplement Appendix 1 for questionnaire items). Some of the categories could include more
than one smoker; therefore, each marked category includes at least one smoker. We created a
similar semi-quantitative variable for residential exposure after age 18, henceforth referred to
as adult home exposure. Adult work exposure was modeled past or current versus none.

We adjusted all odds ratios presented for age, as a continuous variable, gender, and dialect
group. The following covariates were assessed as potential confounders: education (completed
< grade 6, grade 7-10, grade 11 or higher), body mass index as a continuous variable (log
transformed), occupation (10 categories), being born in Singapore versus elsewhere and dietary
intake of non-starch polysaccharides (quartiles). None appreciably changed the associations
so they were not included in the multivariate models.

Females outnumbered males in this population of lifetime non-smokers, as expected given the
lower smoking rates among women (Table 1). Overall, 65% of subjects reported living with
at least one daily smoker before age 18. Only 19% reported maternal smoking; 48% reported
paternal smoking. Adult home exposure to ETS and work exposure were more common in the
past than current (Table 1). These trends reflect prohibitive measures against smoking in public
places and health education efforts established in the 1970s in Singapore.[20] [21] Chronic dry
cough was reported by 0.5% of subjects and chronic phlegm without cough by 2%.

Subjects who lived with one or more daily smokers prior to age 18 had increased odds of
chronic phlegm without cough (OR = 1.25, 95% CI 1.02-1.53) and chronic dry cough (OR =
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2.14, 95% CI 1.39-3.29) (Table 2). We observed a significant trend of increasing odds ratios
with higher number of smokers in the household in early life for both chronic phlegm (P, trend
=0.004) and chronic dry cough (P, trend = 0.005). We were unable to examine dose-response
with duration of early life exposure because duration varied little; 91% of the subjects who
reported exposure prior to age 18 indicated duration of 12 or more years, the top category.
Early life ETS exposure was associated with chronic bronchitis when adjusting only for age,
gender, and dialect (OR = 1.78, 95% CI 1.22-2.61); adjustment for exposure after age 18
virtually eliminated the association (OR = 1.18, 95% CI 0.76-1.82). Chronic phlegm
production alone gave similar results to chronic bronchitis for early ETS. If these two categories
are combined, the OR for living with a smoker before age 18 was 1.24 (95% CI 1.03-1.49).
In the overall data, we found no appreciable relationship between early life ETS exposure and
doctor-diagnosed asthma.

Chronic cough was equally strongly associated with early life exposure to maternal smoking
(OR =2.22,95% ClI 1.33 - 3.69) and with early life exposure to smoking by others (including
father, grandparent, sibling, other) (OR = 2.11, 95% CI 1.36 — 3.28) (see online supplement,
Appendix 3). Smoking by mothers alone was uncommon (4%) in this population.

Although, some of the categories become sparse, because of previous literature [10], we
examined effects of parental smoking on adult respiratory health by gender (Table 3). ETS
exposure in early life was similarly associated with increased risk of chronic dry cough in
females and males although precision was lower in the smaller stratum of males. Living with
at least one smoker in childhood raised the odds of doctor-diagnosed asthma among women
(OR 1.17, 95% CI 1.01-1.36) but not in men (OR = 0.82, 95% CI 0.60-1.13; P value for
difference in ORs = 0.05).

We found no appreciable difference in the association between early life exposure and chronic
dry cough by age (</> median of 61 yrs) or dialect group (data not shown).

We also examined possible effect modification of the association between early ETS exposure
and chronic cough or phlegm by intake of non-starch polysaccharides, a form of fiber related
to reduced chronic respiratory symptoms in this cohort.[14] We examined only potential effect
modification by fiber, because we previously found that fiber intake explained univariate
associations with antioxidant micronutrients (such as vitamin C, vitamin E, and carotenoids)
and food groups such as total fruit and soyfoods.[14] Although numbers become small on
stratification, the association between early life ETS exposure and chronic dry cough or chronic
phlegm was somewhat greater in subjects with a calorie-adjusted intake of fiber below the
median of 7.5 grams/day for the entire Singapore Chinese Cohort than in subjects with higher
intake (Table 4). There was a significant trend with increasing number of smokers in childhood
in the lower fiber (P < 0.01), but not the higher fiber, category for both chronic phlegm (P,
interaction = 0.27) and chronic cough (P, interaction = 0.05).

Adult ETS exposure at home was associated with various respiratory outcomes, independently
of childhood exposure and adult work exposure. Adult past and current home exposure were
positively associated with chronic bronchitis (Table 2). Doctor-diagnosed asthma was weakly
related to exposure to 2 or more past smokers; a smaller association for currently living with
1 or more smokers might reflect the influence of an asthmatic on smoking behavior of
household members. The similar association of past and current exposure with the outcomes
could reflect resistance to ETS effect on the part of persons still living with smokers after many
years. Chronic phlegm, but not chronic dry cough, was modestly associated with adult exposure
to smokers in the home.

Exposure to ETS at work was associated with increased risk for all outcomes, after adjusting
for adult home exposure and childhood exposure, with the weakest association being observed
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for asthma (Table 2). We combined the small category of current work exposure with the larger
past exposure category because odds ratios were in the same direction.

We explored the potential interaction between early life and adult ETS exposure and adult
respiratory symptoms by examining odds ratios according to four categories of joint exposure:
none, childhood only, adult only, and both childhood and adult. Although small numbers
preclude precise estimation of the effects of exposure only in childhood, the associations with
all outcomes were greater for exposure in both childhood and adulthood than for adult exposure
alone (Table 5). Stronger associations observed in Table 5 compared to Table 2 most likely
reflect the fact that subjects in the reference category for Table 5 had neither childhood nor
adult ETS exposure.

We preferred mutually exclusive categories in order to compare each outcome group to the
same reference category of individuals unaffected by any of the conditions. However, for
comparison with studies that do not use mutually exclusive categories, we also compared each
outcome group to all other subjects. Not surprising, the results were quite similar. For example,
the odds ratio for living with a smoker before age 18 and chronic cough was 2.12 (95% CI
1.38-3.26) and for chronic phlegm was 1.24 (95% CI 1.01-1.52).

DISCUSSION

These data provide evidence that early life exposure to ETS has long-term effects on adult
respiratory health. Living with a smoker in childhood was associated with chronic dry cough
and, to a lesser degree, phlegm production in adult nonsmokers, independently of later life
exposures to ETS at home and at work. We observed a dose-response relationship with
increasing odds ratios for higher estimated number of smokers in the home in childhood. These
associations suggest effects of postnatal exposure given the low rates of maternal smoking in
this population. We also found some evidence that intake of fiber might modify the association
between early life ETS and adult respiratory symptoms.

It is unclear how early life exposure to ETS contributes to adult chronic dry cough. However,
exposure to tobacco smoke in childhood may lead to permanent structural changes in the lung.
Elliot et al observed an increase in inner airway wall thickness of the larger airways in sudden
infant death syndrome (SIDS) victims whose mothers smoked pre- and postnatally compared
with unexposed SIDS infants.[22] In a larger subsequent study, significant inner wall
thickening was seen in infants exposed only postnatally.[23] This finding is relevant to our
study where relatively few subjects would have had prenatal exposure. A small increase in
airway wall thickness may contribute to excessive airway narrowing in response to smooth
muscle contraction.[24] Although studies in SIDS infants do not allow one to conclude whether
the observed changes would have been permanent, lung function studies in adults provide
suggestive evidence of long-lasting damage to airways from childhood exposure. [10] [11]
[12]

Exposure to ETS during childhood may also enhance the excitability of the sensory nerves of
the lung that are responsible for the cough reflex. Exposure of guinea pigs to ETS in the first
five weeks of life (equivalent of human childhood) upregulates lung C-fiber central nervous
system (CNS) reflex responses which could result in cough.[25] It is not known if these changes
persist long-term. Alternatively, ETS exposure during childhood may influence adult
respiratory symptoms via the well documented increased risk of acute lower respiratory illness.

[1]

Early life exposure to ETS was weakly associated with adult chronic phlegm without cough.
One would expect that cough would accompany phlegm as subjects were asked to exclude
phlegm from the nose. Few other studies using similar questions have reported separate results
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for phlegm, thus it is hard to know the worldwide prevalence of reports of phlegm without
cough. However, some other cohorts have also reported a higher prevalence of phlegm than
of cough. [26] [27] [28] [29] In our cohort about twice as many people reported phlegm only
compared with cough or cough with phlegm. This might reflect practices in Chinese
populations in which spitting of phlegm onto the street is a common problem.[30] Recognition
of this habit resulted in the banning of public spitting in Singapore long ago. Ignoring phlegm
from the nose in reporting may be difficult, especially in certain populations. Thus we present
the chronic phlegm and chronic bronchitis outcomes separately. Results for early ETS were
similar for the two outcomes although results for later ETS exposure differed somewhat. It is
also possible that an increase in lung C-fiber CNS reflex responses to postnatal ETS exposure
could also lead to mucus hypersecretion and thus, phlegm production.[25]

Data on early life exposure to ETS and adult respiratory symptoms or illness [3] [4] [5] [6]
[7] [8] [9] [10] are not entirely consistent. In contrast with our study, most other studies
examined only asthma. [3] [4] [5] [6] [8] [9] No association between childhood ETS exposure
and asthma was observed in five studies [3] [5] [7] [8] [10]; positive associations were found
in three others.[4] [6] [9] We found weak evidence for an association between early life ETS
and asthma only in women. Of note, in the study of Larsson et al. [6], no association was found
in subjects aged 40-69 years in the mid 1990s, a group of comparable birth cohort to our
subjects. In the European Community Respiratory Health Survey (ECRHS) [10], parental
smoking was associated with wheeze, with a composite variable of three or more asthma
symptoms, and with chronic bronchitis, but not with current asthma. Unfortunately, we did not
ask about wheeze. We did not observe an association with chronic bronchitis after adjusting
for later life ETS exposure. Robbins et al. also found no association between childhood
exposure and chronic bronchitis.[7]

The major limitation of this cross-sectional study is the potential for recall bias if individuals
with respiratory symptoms are more likely to report ETS exposure. However, it seems
reasonable that adults could remember if they lived with a smoker during childhood, especially
after the age of six. Data from the Midspan family study shows that there is good agreement
between parental reporting of maternal and paternal smoking and adult recall by offspring aged
30-59.[31] Further, if recall bias were playing a major role, we would expect to see associations
between early life exposure to ETS and all outcomes, not just chronic dry cough and phlegm.
In the ECRHS, differential recall bias would not explain the finding that parental smoking
during childhood was associated with reduced lung function even in non-symptomatic subjects.
[10] We did not ask about childhood exposure to ETS sources outside of the home as the
accuracy of these data are less certain.

This study enhances the existing literature which is based mostly on Western populations. Our
Chinese population also provides a large proportion of nonsmoking women. Restricting the
analysis to nonsmokers virtually eliminates potential confounding by active smoking. This is
also the largest study of adult respiratory effects of early exposure to ETS.

A strength of this study is the high quality dietary data that enabled us to examine possible
confounding and effect modification by intake of non-starch polysaccharides, the major
protective factor for respiratory symptoms in this cohort. [14] To our knowledge, this is the
first study of childhood exposure to ETS to include examination of interaction by dietary
factors. The dietary data were collected on the baseline questionnaire and thus were prospective
with respect to the respiratory outcomes, eliminating the possibility of recall bias. We found
suggestive evidence of a stronger association between chronic cough and phlegm and living
with smokers in childhood among subjects with lower intake of non-starch polysaccharides, a
form of dietary fiber. Fiber is a complex dietary mixture [32] [33] that may have beneficial
effects on the lung by reducing blood glucose concentrations [34] [35] [36], reducing
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inflammation [37] and enhancing antioxidant processes.[38] [39] Higher fiber intake may
produce a state of lower inflammation and oxidative stress that may protect the lung against
subsequent environmental insults which could trigger development of respiratory symptoms
among those exposed to ETS in childhood. Our data suggest that poorer diet might accentuate
deleterious effects of early life exposure to ETS. It is extremely difficult to obtain data on
childhood diet from older adult subjects, and thus we are unable to directly test the possibility
that adults with higher fiber intake also had higher fiber intake as children.

In conclusion, substantial evidence already exists that exposure to ETS in early life has adverse
effects on childhood respiratory health. Our data from the Singapore Chinese Health Study add
to a growing body of evidence that early life exposure may also adversely affect adult
respiratory health. In this largest study to date, exposure, that was largely postnatal, was
associated with chronic respiratory symptoms in adults. These results have major health
implications given the widespread exposure of youth to ETS. In addition, other early life
exposures, such as outdoor air pollution, may act through similar pathways resulting in long-
term consequences on respiratory health. These results emphasize the importance of reducing
the exposure of children to tobacco smoke and other environmental pollutants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This research was funded by the National Institutes of Health (NCI RO1 CA80205 and NIEHS Z01 ES43012). We
thank Siew-Hong Low of the National University of Singapore for supervising the fieldwork of the Singapore Chinese
Health Study, Kazuko Arakawa of the University of Southern California for the development and management of the
cohort study database, and Marsha Shepherd of Westat, Inc. for programming. We thank Drs. Donna Baird, Darryl
C. Zeldin, Eric Westman, and Elizabeth DeLong for helpful suggestions during preparation of this manuscript.

References

1. Cook DG, Strachan DP. Health effects of passive smoking-10: Summary of effects of parental smoking
on the respiratory health of children and implications for research. Thorax 1999;54(4):357-66.
[PubMed: 10092699]

2. Jaakkola MS, Jaakkola JJ. Effects of environmental tobacco smoke on the respiratory health of adults.
Scand J Work Environ Health 2002;28 (Suppl 2):52-70. [PubMed: 12058803]

3. de Marco R, Pattaro C, Locatelli F, et al. Influence of early life exposures on incidence and remission
of asthma throughout life. J Allergy Clin Immunol 2004;113(5):845-52. [PubMed: 15131565]

4. Hu FB, Persky V, Flay BR, et al. An epidemiological study of asthma prevalence and related factors
among young adults. J Asthma 1997;34(1):67-76. [PubMed: 9033442]

5. Jenkins MA, Hopper JL, Bowes G, et al. Factors in childhood as predictors of asthma in adult life. Bmj
1994;309(6947):90-3. [PubMed: 8038673]

6. Larsson ML, Frisk M, Hallstrom J, et al. Environmental tobacco smoke exposure during childhood is
associated with increased prevalence of asthma in adults. Chest 2001;120(3):711-7. [PubMed:
11555497]

7. Robhins AS, Abbey DE, Lebowitz MD. Passive smoking and chronic respiratory disease symptoms
in non-smoking adults. Int J Epidemiol 1993;22(5):809-17. [PubMed: 8282459]

8. Sears MR, Greene JM, Willan AR, et al. A longitudinal, population-based, cohort study of childhood
asthma followed to adulthood. N Engl J Med 2003;349(15):1414-22. [PubMed: 14534334]

9. Strachan DP, Butland BK, Anderson HR. Incidence and prognosis of asthma and wheezing illness
from early childhood to age 33 in a national British cohort. Bmj 1996;312(7040):1195-9. [PubMed:
8634562]

Thorax. Author manuscript; available in PMC 2006 March 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

David et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

Page 8

Svanes C, Omenaas E, Jarvis D, et al. Parental smoking in childhood and adult obstructive lung
disease: results from the European Community Respiratory Health Survey. Thorax 2004;59(4):295—
302. [PubMed: 15047948]

Upton MN, Watt GC, Davey Smith G, et al. Permanent effects of maternal smoking on offsprings'
lung function. Lancet 1998;352(9126):453. [PubMed: 9708758]

Masi MA, Hanley JA, Ernst P, et al. Environmental exposure to tobacco smoke and lung function in
young adults. Am Rev Respir Dis 1988;138(2):296-9. [PubMed: 3195829]

Henley SJ, Flanders WD, Manatunga A, et al. Leanness and lung cancer risk: fact or artifact?
Epidemiology 2002;13(3):268-76. [PubMed: 11964927]

Butler LM, Koh WP, Lee HP, et al. Dietary Fiber and Reduced Cough with Phlegm: A Cohort Study
in Singapore. Am J Respir Crit Care Med 2004;170(3):279-87. [PubMed: 15117740]

Yuan JM, Stram DO, Arakawa K, et al. Dietary cryptoxanthin and reduced risk of lung cancer: the
Singapore Chinese Health Study. Cancer Epidemiol Biomarkers Prev 2003;12(9):890-8. [PubMed:
14504200]

Hankin JH, Stram DO, Arakawa K, et al. Singapore Chinese Health Study: development, validation,
and calibration of the quantitative food frequency questionnaire. Nutr Cancer 2001;39(2):187-95.
[PubMed: 11759279]

Pirkle JL, Flegal KM, Bernert JT, et al. Exposure of the US population to environmental tobacco
smoke: the Third National Health and Nutrition Examination Survey, 1988 to 1991. Jama 1996;275
(16):1233-40. [PubMed: 8601954]

Vartiainen E, Seppala T, Lillsunde P, et al. Validation of self reported smoking by serum cotinine
measurement in a community-based study. J Epidemiol Community Health 2002;56(3):167-70.
[PubMed: 11854334]

Ferris BG. Epidemiology Standardization Project (American Thoracic Society). Am Rev Respir Dis
1978;118:1-120. [PubMed: 742764]

Emmanuel SC, Chen AJ, Phe A. Cigarette smoking in Singapore. Singapore Med J 1988;29(2):119-
24. [PubMed: 3399913]

Emmanuel SC, Phe A, Chen AJ. The impact of the anti-smoking campaign in Singapore. Singapore
Med J 1988;29(3):233-9. [PubMed: 3187574]

. Elliot J, Vullermin P, Robinson P. Maternal cigarette smoking is associated with increased inner

airway wall thickness in children who die from sudden infant death syndrome. Am J Respir Crit Care
Med 1998;158(3):802—6. [PubMed: 9731008]

Elliot JG, Carroll NG, James AL, et al. Airway alveolar attachment points and exposure to cigarette
smoke in utero. Am J Respir Crit Care Med 2003;167(1):45-9. [PubMed: 12502475]

Moreno RH, Hogg JC, Pare PD. Mechanics of airway narrowing. Am Rev Respir Dis 1986;133(6):
1171-80. [PubMed: 3717766]

Bonham AC, Chen CY, Mutoh T, et al. Lung C-fiber CNS reflex: role in the respiratory consequences
of extended environmental tobacco smoke exposure in young guinea pigs. Environ Health Perspect
2001;109 (Suppl 4):573-8. [PubMed: 11544166]

Leuenberger P, Schwartz J, Ackermann-Liebrich U, et al. Passive smoking exposure in adults and
chronic respiratory symptoms (SAPALDIA Study). Swiss Study on Air Pollution and Lung Diseases
in Adults, SAPALDIA Team Am J Respir Crit Care Med 1994;150(5 Pt 1):1222-8.

Rautalahti M, Virtamo J, Haukka J, et al. The effect of alpha-tocopherol and beta-carotene
supplementation on COPD symptoms. Am J Respir Crit Care Med 1997;156(5):1447-52. [PubMed:
9372659]

Zemp E, Elsasser S, Schindler C, et al. Long-term ambient air pollution and respiratory symptoms in
adults (SAPALDIA study). The SAPALDIA Team. Am J Respir Crit Care Med 1999;159:1257-66.
[PubMed: 10194174]

Dalphin JC, Dubiez A, Monnet E, et al. Prevalence of asthma and respiratory symptoms in dairy
farmers in the French province of the Doubs. Am J Respir Crit Care Med 1998;158:1493-8. [PubMed:
9817698]

Mackenzie H. Why a Sars spitting ban is catching in throats of Chinese. Sunday Herald 2003;May
25:http://www.sundayherald.com/34076

Thorax. Author manuscript; available in PMC 2006 March 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

David et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 9

Upton MN. Effects of parental smoking on the respiratory health of adults. Thorax 2004;59(4):274—
6. [PubMed: 15047943]

Dietary reference intakes: proposed definition of dietary fiber. Washington, DC: National Academy
Press; 2001.

Lee SC, Prosky L. International survey on dietary fiber: definition, analysis, and reference materials.
J AOAC Int 1995;78(1):22-36. [PubMed: 7703724]

Walter RE, Beiser A, Givelber RJ, et al. Association between glycemic state and lung function: the
Framingham Heart Study. Am J Respir Crit Care Med 2003;167(6):911-6. [PubMed: 12623860]
Eliraz A, Sternfeld M, Madar Z. Glycaemic and insulinaemic index of meals in stable obstructive
pulmonary disease subjects. Eur J Clin Nutr 1994;48(7):522—4. [PubMed: 7956995]

Davis WA, Knuiman M, Kendall P, et al. Glycemic exposure is associated with reduced pulmonary
function in type 2 diabetes: the Fremantle Diabetes Study. Diabetes Care 2004;27(3):752—7.
[PubMed: 14988297]

Liu S, Manson JE, Buring JE, et al. Relation between a diet with a high glycemic load and plasma
concentrations of high-sensitivity C-reactive protein in middle-aged women. Am J Clin Nutr 2002;75
(3):492-8. [PubMed: 11864854]

Eastwood MA. Interaction of dietary antioxidants in vivo: how fruit and vegetables prevent disease?
Qjm 1999;92(9):527-30. [PubMed: 10627873]

Larrauri JA, Goni I, Martin-Carron N, et al. Measurement of health-promoting properties in fruit
dietary fibres: antioxidant capacity, fermentability and glucose retardation index. Journal of the
science of food and agriculture 1996;71(4):515-19.

Thorax. Author manuscript; available in PMC 2006 March 28.



Page 10

David et al.

‘Buipunod Jo asneaaq ‘00T 01 dn ppe Jou op sabejusdiad mEomm

"SI8XOLUS JO JBQUINU WNWiUIW ay) Bunuasaidal ajqeLIeA sAeIuENb-1WaS € SI 81nsodxa S13 1[NPe PUB POOYP|IYD 10} SISHOWS 4O JaquinN

#

's108lgns Bumjowsuou 000‘SE |1e sapnjoul _ﬁo¢

‘wBsjyd pue yBnod 1UIYD PAUIGUIOD SB PaUIJEP SBM SIIYIUOI] JIU0IYD
*

1A% S9 T8 (0074 S'q L'y 474 juaLn)
e'8r §'9g 'Se §'6C 7’12 T'€C LT ised
€L 0'29 gv'99 gv'99 T'€L zeL 1'8L aUoON
SI0M
ST e 9€ Ly g 1C S SID|OWS +2
8.1 VT 0'LT G'6T 6'6T 9'8T LI'LT Jjows T
usuund
L1 9'/2 9'€Z 92 672 9'€C v'1e SID|OWS +2
8'0¢ L'SE L'vE 9'GE €82 0z 1'0€ Jjows T
ised
Tz §50¢ T2 gl'vl give T'€C 112 3UON
awoH
(9%) dansodx3 S13 UNpY
G'6 vzt 62T T 20T 90T €6 SIDIOWS +E
L'T2 9.2 6'5C 122 |74 92 7’12 SIDOWS ¢
e gov T'GE 9'6€ e 8'GE 0ve $0WS T
gLve S6T M e gv'1€ §'6C gv'se 8UON
(%) a4nsodxa S13 pooyp|iyd
7'6Y G'6S vy 1'SS §'ZS €Le 8'6Y USDPIOH %
109]BIP 8S8U0IURD U0 UBI{OH
(82)L09 (1) L'09 (6'2) T°09 (0'8) T'29 (8'2) z09 (T'8)S'19 (82) 209 (as) uesy
(saeak) aby
89/ 189 189 159 0LL vl €L alewsy 9o
00T G0 02 70 €Y 8'€ 0'68 1 [B0L40%
000'6E =N G8T=N 00.=N 67T =N y0ST=N 0Z€T=N WT'TE=N onsLIgoRIRYD
BwIYIsY
ybnod ybnod Inoyum LSHyouolg sisoubelq whajud 10/pue 10 wbajud
+$oo.—g:w elol Ai@ o1uoayd wbs|yd a1uoayd aluoayD BULYISY ybnoD 1usdey ‘ybnod oN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

SI9XOWS Janau ‘Apms yieaH assuly) alodebuls ay) Jo sonsusloRIeyD
TalqelL

NIH-PA Author Manuscript

Thorax. Author manuscript; available in PMC 2006 March 28.



Page 11

David et al.

"ainsodxa (s1ayows 1uaLnd +T ‘1sed +z ‘Ised T ‘ou) awoy 3npe pue (SI8)ows +€ ‘g ‘T ‘ou) pooypjiyd 1o} paisnipe s4O
%

¥

"ainsodxa (3ualnd 1o 1sed ‘ou) 3Jom pue (SIAOWS +€ ‘Z ‘T ‘ou) pooyp|iyd oy paisnipe s4O

b

"SI9XOWS JO JBQUINU WNWIUIW 3y} Bunuasaidal a|qeLieA aAeIuenb-1Was e sI 1nsodxa S1 3 3[NPe pue PooypP|IYD 10} SISHOWS JO JaquINN

§

*aInsodxa (Jua.ind 10 1sed ‘ou) %JoM pue (SIaxows JusLInd +T ‘Ised +z ‘1sed T ‘ou) swoy }npe Joy parsnipe s4O

#

'$9)0U100} Jusnbasgns ul parealpul se sajqerieA 13 snjd dnoub 108fe1p pue ‘Iapuab ‘abe 1oy paisnipe ale (]D) S|eAIBIUI 8OUSPIIUOI 9466 PUR (HO) SOIIR) SPPO ||V

4

‘wBsjyd pue yBnod 1UIYD PAUIGUIOD SB PaUIJEP SBM SIIYIUOI] JIU0IYD
*

Thorax. Author manuscript; available in PMC 2006 March 28.

(TTZ-0TT) €S'T 19 (€8'T-TET) SS'T GeT (LTZ-S0T) 18T 0§ (Ly'T-ST'T) 0£°T Sov 1189 81N 10 Ised
00T veT 00T S9Y 00T 66 00T 660T Gzeve 3UON
a4nsodxa S1 3 M40/
*¥

(67" T-¥9°0) 260 YA (29T-¥0'T) 05T 258 (16°'€-9€'T) 0£°C 8eT (¥2'1-€6°0) 20'T GETT 10522 1Ua1IND 4O Ised

G82°0 6600 5000 1700 puaan ‘d
siows
(0€'T-¥¥'0) SL°0 0¢ (€LT-20T) €T T (¥6'7-9%'T) 69°C 9 (86'7-86°0) 9T'T 9g€ 7629 8N alow Jo T
slayows
(921-€9°0) 90°T 15 (99'1-96°0) 92'T 69T (evv-L2T) LET 6 (sr'1-20T) 22T v.€ G599 Ised alow 1o g
(297-99°0) ¥0'T 99 (¥9T-€0'T) 05T eve (zre—zzn)etTe €5 (ST'T-€8°0) 86°0 Gev 8556 1ayows ised T
00T 8¢ 00T 8T 00T 12 00T 69€ Ge98 3UON
I ainsodxa S| 3 swoy 3Npy
(62€-6ET) ¥T'C 67T (es'1-20T) S2'T ARS] (28'1-92°0) 8T'T ETT (€2'1-¥6'0) 80'T TE0T T€T0C SI3Yows aiow Jo T

5000 ¥00°0 164°0 LT€°0 puai ‘d
(zev-62T)9€C € (66'T-0T'T) 8Y'T 06 (€9z-120)2v'T 12 (1€'7-98'0) 90T ¥ST €882 SIOWS BIOW 10 €
(0re-9e1) v2'e 15 (69'T-70'T) €€'T 181 (€2'1-650) T0'T €€ (2€'1-96°0) ET'T 29¢ 67799 siaqows g
(vze-zeT) L0T 7] (Lv'1-56'0) 8T'T vz (¢6'1-9L0) 12T 65 (ez'1-26'0) 90T S1S 66507 gioows 1
00T 9 00T €8T 00T 9 00T ely TT0TT 8UON
1 aansodxa S| 3 awoy pooypliyd

(10 %56) ¥O N (12 %656) 4O N (12 %656) 4O N 110 %56) ¥O N N
ybnod BuyIsyY
Ai1@ o1uoayd ybnoo noyum wbajyd s1uoayd *m_u,_:oco‘_m_ dluoayo sisoubelq ewylsy 10 wbajyd ‘ybnod oN

(S13) 9xows 029eg0] [LIUBWIUOIIAUS 0 84NS0dXa 0} Uolre|as Ul swoldwAs Alojelidsay
¢9l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 12

‘ainsodxa (3uaLind 10 1sed ‘ou) swoy JnNpe pue (SIaXoWs +T ‘ou) pooyp|iyd oy paisnipe s4O

xx

‘ainsodxa (3ua1ind 10 1sed ‘ou) 3Jom pue (SIaxows +T ‘ou) pooyp|iyd oy paisnipe s4O

b

*SI8OWS JO JBQUINU WNWIUIW 3y} Bunuasaidas ajqeLien sAleIIUenb-1Was € sI 2Insodxa S13 POOYP|IYD J0) SISOWS JO _BE:zm

*ainsodxa (uaind Jo 1sed ‘ou) yJom pue (Jualind Jo 1sed ‘ou) awoy 3npe Joy paisnipe mw_O%

"dnouB 109eIp pue abe Joy paisnipe are SHO __<4N

‘wBsjyd pue yBnod 1UCIYD PAUIGUIOD SB PaULJEP SBM SIIYIUOI] JIU0IYD
*

David et al.

(8L2 (602 (162 (291
-GZ'T) 98T e -8€T)0LT 82T -66'0)09'T ford -T2T) 0Vt 414 £96€ WaLNY 10 1sed
00T 26 00T €5 00T vl 00T Y06 96002 3UON
. ainsodxa S13 Y40M

(88°T (88'T (orv (szT
-£€9'0) 60T 10T -60T)EVT €0v -GTT)¥eT /8 -060)90°T 876 98787 a1 1o Ised
00T 6T 00T 8. 00T 0T 00T orz €118 8UON
Fm._:monm S13 awoy }npy

(sse (261 (ot'z (9T
-1€T)9TC 10T -96'0) 12T 8ve -1,°0)12T 2L -0 LTT 161 0veST g SIfows sjow 1o T
00T T4 00T eeT 00T 514 00T T9€ 6T.8 3UON
Hw‘_:moaxm S.13 awoy pooypjiyd
(TZ6S2 = N) soewsad

(v6'T (Lt (esz (ev'T
-690)9T'T Iz -€0T)GET 10T -¥80) 9’1 1z -260)ST'T 16T 582 1Ua1IND 40 ISed
00T z€ 00T 41" 00T 1514 00T G6T 622y 3UON
ainsodxa S13 Y40M

1Lt (891 (009 (Lt -

-v¥'0) L8°0 o -080)9T'T 67T -90'T) 252 114 -160) 2T 112 Tezy walny 10 1sed
00T 6T 00T 0L 00T 1 00T 6¢T 2982 8UON
F ainsodxa S.13 awoy npy

(eos (172 (ezz (eT'T
-00T) ¥2'e 8y -26°0) 07T 697 ~6£0) €60 114 -09'0) 28°0 vEe 6Ly g Siejows alow o T
00T 1T 00T 0S 00T 1 00T 2T 2622 3UON
t ainsodxa S.13 swoy pooyp|iyd
(6522 = N) ssleiN

(19 %56) ¥O N (1D %S6) ¥O N (19 %S6) ¥O N (10 %S6) ¥O N N
BuIYISY
10 ‘wbhsjyd
ybnoo Auq auoayd ybnoD 1noyum whs|yd a1uoayD LSHyouoag duoayd sisoufelq ewyisy ‘ybnod oN

"USLWIOM pue Usw Buowle ainsodxs ayows 0928(0) [RIUBWUOIIAUS 0} uolie|al ul swoldwAs Alojesidsey
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Thorax. Author manuscript; available in PMC 2006 March 28.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

David et al. Page 13

Table 4
Chronic phlegm and chronic cough in relation to childhood environmental tobacco smoke (ETS) stratified by

fiber intake™

No Cough, Chronic Phlegm Chronic Cough
Phlegm, or
Asthma

N OR (95% CI)T N OR (95% CI)

Fiber intake below the median ¥

Childhood home ETS exposure

None 4616 75 1.00 12 1.00

1 Smoker 4453 100 1.28 (0.91-1.80) 34 3.12 (1.51-6.46)
2 Smokers 2891 72 1.38 (0.94-2.02) 30 4.59 (2.13-9.90)
3 or more Smokers 1247 49 2.13(1.38-3.27) 13 4.99 (2.03-12.25)
1 or more Smokers 8591 221 1.39 (1.01-1.90) 77 3.63 (1.82-7.27)

Fiber intake above the median
Childhood home ETS exposure

None 6395 108 1.00 24 1.00

1 Smoker 6146 146 1.11 (0.84-1.48) 41 1.54 (0.86-2.74)
2 Smokers 3758 109 1.28 (0.94-1.76) 21 1.18 (0.59-2.36)
3 or more Smokers 1636 41 1.08 (0.72-1.63) 10 1.25 (0.53-2.93)
1 or more Smokers 11540 296 1.16 (0.89-1.51) 72 1.41 (0.81-2.48)

*
Fiber is estimated by non-starch polysaccharide intake.

deds ratios adjusted for age, dialect group, gender and adult home exposure (no, 1 past, 2+ past, 1+ current smokers) and work exposure (none versus
past or current).

iMedian in the entire Singapore Chinese Cohort of calorie-adjusted non-starch polysaccharide intake = 7.5 grams/day.
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