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Abstract 
 
Purpose: To examine if secondhand smoke (SHS) is associated with elevated risk of type II diabetes 
among California teachers. We also aim to determine if overall and central obesity are mediators or effect 
modifiers of this association. 
 
Methods: Using data from the California Teachers Study, conducted in 1995-2013 in California public 
schools, we obtained information on SHS exposure among 39,887 lifetime nonsmokers. The association 
between SHS and incident diabetes after 17 years of follow-up was assessed using Cox regression 
models. The mediation and modification effects of BMI and waist circumference on this association were 
tested.  
 
Results: At baseline, 70.2% of the nonsmokers reported exposure to SHS. Higher intensity, duration, and 
intensity-years of exposure to SHS were associated with higher multivariate adjusted risk of incident 
diabetes in a dose-response manner (hazard ratio = 1.28; 95% confidence interval, 1.11-1.48 for highest 
quartile vs. lowest quartile of exposure; P = .001 for trend). Participant's waist circumference (measured 2 
years after baseline) could explain greater than 50% of the association between SHS and diabetes.  
 
Conclusions: SHS exposure is associated with increased risk of type II diabetes among nonsmokers of 
California teachers with obesity being a potentially important mediator but not an effect modifier for this 
association. 
 
 

Despite falling prevalence in most developed countries in the past few decades, smoking remains 
to be one of the leading causes of avoidable morbidity and mortality worldwide [1]. Meanwhile, many 
nonsmokers are exposed to the detrimental effects of tobacco smoke due to secondhand smoke (SHS) 
exposure. It is well known that SHS causes respiratory infections in children as well as cardiovascular 
disease and lung cancer among adults [2]. 

The rising prevalence of diabetes also is a serious public health concern globally, with the highest 
prevalence and associated health expenditures found in North America and the Caribbean Islands [3]. 
According to the most recent National Diabetes Statistics Report, 30.3 million people in the United States 
had diabetes in year 2015, and the estimated diabetes costs were $245 billion in 2012 [4].To address this 
global epidemic, it is important to identify potentially modifiable risk factors for this chronic disease. 

Recently, evidence regarding a significant association between type II diabetes and active 
smoking has been documented. In a 2015 meta-analysis of 84 studies, the risk of developing type II 
diabetes among current smokers was reported to be 37% higher than that among never smokers [5]. A 
large European prospective investigation suggested the association between active smoking and type II 



diabetes was slightly stronger among normal weight than over-weight men [6], indicating obesity might 
be an effect modifier for this association. Meanwhile, because obesity has been linked to higher risk of 
developing insulin resistance and diabetes, overall or abdominal obesity might be important mediators for 
the association between active smoking and diabetes. 

In addition to the potential causal link between active smoking and diabetes risk, burgeoning 
evidence has appeared, suggesting SHS is also associated with elevated risk of type II diabetes [5,7-10]. 
However, most previous studies of SHS and diabetes [11-17] lacked detailed information on 
characteristics of SHS or had relatively short follow-up periods. Furthermore, the potential mediating 
and/or modifying roles of obesity in the association between SHS and diabetes remain unclear. Using data 
from the California Teachers Study (CTS), a large prospective cohort study of female California public 
school employees, we examined the association of SHS exposure with incidence of type II diabetes 
among lifetime non-smokers. We also explored the degree to which body mass index (BMI) and waist 
circumference may be potential mediators or effect modifiers of this association. 
 
Methods 
 
Study population 
 

A detailed description of the CTS has been published elsewhere [18]. Briefly, in 1995-1996, 
133,479 female California public school employees completed a self-administered baseline questionnaire 
that collected information on disease histories and demographic, anthropometric, reproductive, and 
lifestyle factors. CTS participants have been followed up annually to collect information on cancer 
diagnosis, death, and change of address. Participants have completed four follow-up questionnaires to 
update information collected previously and to collect new or more detailed information on various 
topics: 1997-1998 (wave 2), 2000-2001 (wave 3), 2005-2006 (wave 4), and 2012-2013 (wave 5). 

The analyses presented here were restricted to nonsmoking women with known diabetes status at 
wave 5. Therefore, we sequentially excluded women who, at baseline (1995e1996), were current (n = 
6779) or past smokers (n = 38,263) or did not report smoking status (n = 909); who reported diabetes (n = 
2507), cardiovascular disease (n = 1776), or cancer (n = 6197); or who were aged 80 years or older (n = 
3174). A total of 73,874 baseline responders remained in the analytical sample. Among these participants, 
39,887 nonsmoking women responded to a series of questions about each respondent's diabetes status in 
the 2012-2013 questionnaires. These 39,887 (54% of the baseline nonsmokers) participants were used as 
the primary analytical sample of the present study. 

 
Measures 
 
Type II diabetes 

 
Incident type II diabetes was ascertained using the 2012-2013 questionnaires, which asked the 

following question: “Has a health professional ever told you that you have diabetes?” Those who 
answered yes to this question subsequently reported whether they had type I or type II diabetes and the 
age of diagnosis. 
 
Measures of exposure to SHS 

 
At baseline, participants reported if they ever lived with a smoker during childhood or adulthood. 

We grouped the participants into four categories: no household SHS exposure, childhood exposure only, 
adulthood exposure only, and both childhood and adulthood exposure. 

In 1997-1998, the questionnaire was used to collect detailed information on exposure to SHS in 
the household, the workplace, and social settings during six age periods. Around 97% baseline never 
smokers reported household SHS exposure at baseline also reported household SHS exposure in 1997-



1998. For each combi-nation of setting and age period, participants were asked whether they were 
exposed to tobacco smoke from others. If affirmative, they were further asked about the duration and 
intensity of this exposure. Duration was estimated by asking the number of years of exposure within 
specific age periods. SHS intensity for each age period was estimated by a qualitative description: a little 
smoky, fairly smoky, or very smoky. 

As described previously [19], we created variables for duration (years) and intensity (smokiness) 
of lifetime exposure to SHS from all three settings combined, as well as for the combination of duration 
and intensity (intensity-years). We assigned a numerical score to represent the intensity of SHS (1 for a 
little smoky, 2 for fairly smoky, and 3 for very smoky). The lifetime intensity for each exposure setting 
was calculated by averaging the numerical scores across all age periods. An overall lifetime intensity 
score was obtained by summing the intensity scores from the three settings. All cumulative exposure 
measures were categorized into quartiles based on the distribution among all women. 
 
Anthropometric measurements 

 
The CTS participants reported their current weight and height at baseline. They also reported 

their current weight and height in the 2005-2006 questionnaire. In addition, they self-measured waist and 
hip circumference following instructions on the 1997-1998 questionnaire. Each participant was asked to 
measure her waist and hip circumference twice and reported both values. The average of those two values 
was used in this study. 
 
Covariate assessment 

 
Data from the baseline questionnaire include age (continuous), race (non-Hispanic white vs. 

other), family history of diabetes (yes vs. no), physical activity (average hours of moderate and strenuous 
physical activity per week over lifetime, in quartiles), and alcohol consumption (grams per day). Dietary 
intake in the year before baseline was assessed using an early version of the 112-item Block95 food 
frequency questionnaire, which was validated in the CTS [20]. The food frequency questionnaires data 
were assigned nutrient values based on an updated version of the Block95 nutrient database. The dietary 
factors relevant to diabetes risk included here are daily caloric intake and intake of magnesium, calcium, 
vitamin D, dietary fiber, total fat, and saturated fat (all in quartiles). 
 
Statistical analysis 

 
Age-adjusted anthropometric measurements by SHS exposure were calculated using predicted 

values from linear regression of each anthropometric measure with age and SHS exposure as the only 
covariates. To determine the association between SHS and risk of incident type II diabetes in CTS 
participants, hazard ratios (HR) were calculated using Cox proportional hazards regression models. Age 
at cohort entry or at the time of the second questionnaire, as appropriate, and age at the end of the 
individual's follow-up were used as the underlying time metric. Subjects were censored either at the year 
of type II diabetes diagnosis or at the end of CTS follow-up (year completing the 2012-2013 
questionnaire). Deaths before 2012-2013 were not considered as censored observations because it is 
impossible for them to complete the 2012-2013 questionnaires and hence were excluded from our final 
analytical sample. For each SHS exposure variable, we began with a regression model with only exposure 
and age at cohort entry as independent variables. We then fit models after adding baseline BMI and 
including other potential cofounding variables that have been previously associated with incident 
diabetes: race, family history of diabetes, physical activity, alcohol consumption, and dietary factors 
(daily caloric intake, magnesium, calcium, vitamin D, dietary fiber, total fat, and saturated fat). 

Potential nonlinearity for the association between SHS exposure and diabetes risk was tested 
using natural cubic splines. None of the nonlinearity tests were statistically significant. Thus, the dosee 
response relationship between SHS exposure and diabetes was assessed by testing the linear trend of the 



association. Potential mediating effects of BMI at different time points (baseline and wave 4), waist 
circumference, hip circumference, and waiste-hip ratio at wave 2 for the association of SHS intensity and 
duration with type II diabetes were evaluated using a SAS macro that can calculate the percent of 
exposure effect explained by each inter-mediate variable (Mediate SAS) [21]. This macro estimates the 
mediation proportion using the “difference method” [22]. For Cox regression model, a data duplication 
algorithm and a generalized estimation equations approach were used to estimate the mediation 
proportion and variance [23]. Effect modifications by obesity status were assessed by fitting Cox 
regression models stratified by BMI categories and median of waist circumference. We also tested the 
interaction terms of SHS status with BMI (both continuous and categorical) and waist circumference 
(continuous). 

 
Results 

 
At baseline, 70.2% of the nonsmokers reported childhood and/or adult exposure to SHS in their 

households. Compared with non-smokers without exposure to SHS, women exposed to SHS were older, 
more likely to have family history of diabetes, had higher BMI, and consumed more alcohol (Table 1). In 
Table 2, age-adjusted anthropometric measurements by SHS exposure among lifetime nonsmokers are 
presented. It shows the age-adjusted average values of BMI at baseline and wave 4, waist circumference 
at wave 2, and hip circumference at wave 2 all increased with increasing levels of SHS exposure. 

As shown in Table 3, by year 2012e2013, a total of 2495 nonsmoking women reported incident 
type II diabetes. The estimated incidence of diabetes was 3.85 per 1000. The incidence rate of type II 
diabetes was the lowest among those without household exposure to SHS and was the highest among the 
women with both childhood and adult exposure. Compared with nonsmokers without exposure to SHS, 
the age-adjusted HRs for nonsmoking women with exposure during childhood, adult years, and both 
childhood and adult years were 1.12, 1.12, and 1.36, respectively. After adjusting for potential 
confounders, those with both childhood and adult exposure had significantly higher risk for diabetes than 
those without any exposure to SHS (HR = 1.25, 95% confidence interval [CI]: 1.11-1.41). Detailed SHS 
exposure measurements assessed in 1997-1998 showed that the age-adjusted risk of developing type II 
diabetes 17 years later significantly increased with higher intensity, duration, and intensity-years of total 
expo-sure to SHS in all three settings combined. After multivariate adjustment, the risk in the highest 
quartile of exposure was significantly higher than that among those without exposure (HR = 1.18, 95% 
CI, 1.04-1.33 for intensity of exposure; HR = 1.28, 95% CI: 1.11-1.48 for years of exposure; HR = 1.22, 
95% CI: 1.06-1.41 for intensity-years of exposure). 

When we stratified the SHS exposure into two age groups, exposure happened when the 
participants were younger than 20 years old and when they were 20 years or older. The results were 
similar to those found above except that the magnitude of the association between SHS and diabetes was 
a little lower for SHS exposure occurred before 20 years old (Appendix 2). And when we analyzed the 
SHS exposure (as continuous variables) in the household, workplace, and social settings separately, as 
shown in Appendix 3, the associations of diabetes with SHS exposures in each of the three settings were 
similar before adjusting for SHS exposure in the other two settings, but the associations were slightly 
stronger in social setting (and in household setting for years of SHS exposure) after adjusting for the 
exposure in the other two settings. 

Table 4 reveals that BMI at baseline and wave 4 (year 2005e2006) and waist and hip 
circumference reported at wave 2 (in 1997-1998) all had potential mediation effects on the association 
between SHS and risk of type II diabetes. Among them, waist circumference measured at wave 2 had the 
strongest mediation effect with more than 50% of the exposure effects explained (P < .0001), followed by 
BMI at wave 4, which explained 49.5%e 55.0% of the excess risk of diabetes associated with SHS. Hip 
circumference at wave 2 and baseline BMI also explained a substantial proportion of those associations, 
but at a lower magnitude (36.5%e51.5%). Waist-to-hip ratio did not explain a significant proportion of the 
association of interest. 



As shown in Table 5, the HRs across different BMI and waist strata were similar to each other, 
and none of the interactions be-tween SHS and BMI or waist circumference were statistically significant. 
 
Discussion 
 

In this large cohort study of female California public school teachers who were followed for up to 
17 years, we found exposure to SHS to be significantly associated with higher risk of incident type II 
diabetes in a dosee response relationship after adjusting for baseline BMI and other potential confounders. 
This is consistent with previous studies that reported a positive as-sociation between SHS and risk of 
diabetes [7e10].The multivariable-adjusted HRs in the present study were consistent with the pooled 
relative risk from recent meta-analyses [5], rangingfrom1.18to1.28forthoseintheupperquartileofSHS 
exposure defined by intensity and/or duration, adding another piece of supportive evidence to establish 
SHS as a causal risk factor for type II diabetes. 

More importantly, our findings expand the existing literature on the association between SHS and 
type II diabetes by providing evidence for the potential mediator role of body size measures in this 
association. It is well recognized that the relationship between active smoking and obesity is complicated. 
Many cross-sectional studies reported that body weight or BMI is lower in current smokers than that in 
nonsmokers [24-31]. However, ample evidence indicated that heavy smoking might be associated with a 
greater risk of obesity [28-31]. Furthermore, multiple studies have shown that smoking is associated with 
abdominal obesity as measured by waist-to-hip ratio or waist circumference, even after adjusting for BMI 
[24,32]. This may partially explain the apparently paradoxical observation of increased metabolic risk 
among active smokers, despite their overall lower BMI [33]. 

Many studies investigating the association between SHS and obesity focused on prenatal 
exposure and discovered a positive association between maternal smoking in pregnancy and obesity in 
childhood [34]. It is hypothesized that prenatal exposure to tobacco smoking “imprints” the fetus to a 
higher likelihood of becoming obese [35]. Another study reported that adolescents exposed to 
environmental tobacco smoke had four times greater risk of being overweight than those not exposed 
[36]. Here we found that participants with higher levels of accumulative SHS exposure had significantly 
higher age-adjusted BMI at baseline and larger waist circumference 2 years after baseline in a dosee 
response manner. In animal models, early life nicotine exposure was found to induce adipocyte 
hypertrophy and leptin resistance [37]. Also, nicotine-exposed neonates with growth retardation in utero 
exhibited “catch-up’ growth and an expansion of adipose stores when pro-vided with excess calories [38]. 
These are all potential biological pathways to explain the association of SHS and higher level of overall 
body size and central obesity observed in this study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1 
Baseline (1995) characteristics by secondhand smoke exposure among lifetime nonsmokers who 
responded to the 2012e2013 questionnaires in the California Teachers Study 

 
P of c2 test assessing distribution of categorical variable in secondhand smoke exposure groups or 
analysis of variance test assessing the distribution of continuous variable among secondhand smoke 
exposure groups. 
†The three settings are the household, workplace, and social settings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2 
Average age-adjusted anthropometric measurements by secondhand smoke exposure among lifetime 
nonsmokers who responded to the 2012e2013 questionnaires in the California Teachers Study 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3 
Association of secondhand smoke exposure and risk of incident type II diabetes after 17 y of follow-up 
among lifetime nonsmokers who responded to the 2012e2013 questionnaires in the California Teachers 
Study 

 

 
 
 
Table 4 
Mediation by BMI and waist-to-hip circumference at different time points for the association of 
secondhand smoke exposure with risk of type II diabetes among lifetime nonsmokers who responded to 
the 2012e2013 questionnaires in the California Teachers Study 

 
* Italic font indicates the variable that explained the highest percent of the association between 
secondhand smoke exposure and diabetes. 
 
 
 



Table 5 
HRs for diabetes for secondhand smoking exposures across strata of waist circumference and BMI among 
lifetime nonsmokers who responded to the 2012e2013 questionnaires in the California Teachers Study* 

 
* Multivariable Cox proportional hazards regression models were adjusted for age, baseline BMI, race 
(non-Hispanic white vs. other), family history of diabetes, physical 
activity, alcohol consumption, and dietary factors (daily dietary calories, magnesium, calcium, vitamin D, 
dietary fiber, total fat, and saturated fat). Waist circumference was reported in year 1997e1998. Median of 
waist was 30.5 inches. BMI was reported at baseline questionnaire. 
†P for joint test for interaction for secondhand smoking exposure categories with waist circumference and 
BMI as binary variables.  
‡The three settings are the household, workplace, and social settings. 
 

When adjusting BMI in the regression models for active smoking and type II diabetes, the 
association usually became stronger [6,39,40]. This may be caused by negative confounding as BMI is 
usually lower among current smokers. However, in most studies examining the association between SHS 
and diabetes, the association was attenuated after controlling for participants’ BMI and waist 
circumference [11,13,14,17]. We also found the HRs of SHS for type II diabetes were reduced after 
adding BMI to the regression models, consistent with our hypothesis that obesity may be an intermediate 
variable in the pathway from SHS to type II diabetes. Among the BMI measures, BMI at wave 4 (i.e., 10 
years after baseline) appeared to have the strongest mediating effect on the association of interest. 
Meanwhile, waist circumference at wave 2 (i.e., 2 years after baseline) had an even stronger mediating 
effect, explaining 58% of this association. These imply visceral fat accumulation may be an important 
mechanism explaining the increased risk of type II diabetes among nonsmokers with SHS exposure [29]. 

The strengths of this study include its large sample size, avail-ability of many potential 
confounders or mediators for the association of interest, as well as comprehensive evaluation of lifetime 
exposure to SHS from various settings. It is the first study to report a dosee response relationship between 
years of SHS exposure and risk of type II diabetes, whereas all the previous studies have only reported 
categorical SHS status or an intensity measure of a per-son's exposure on a typical day [17]. Furthermore 
our data allowed us to estimate the magnitude and statistical significance of the mediating effects of BMI 
and central obesity measures on the as-sociation between SHS and diabetes. 
This study also has several limitations. First, both SHS, diabetes incidence, BMI, and waist circumference 
were all self-reported, and the intensity of SHS exposure was based on subjective classification. Yet, self-



reported diabetes status has been demonstrated to have substantial to almost perfect agreement with 
diagnosis from medical records or claim-based data [41,42] and has been validated in several large 
longitudinal cohort studies [43,44]. Similarly, SHS history reporting has been shown to have high 
reliability [45] and validity, especially the self-reported assessment in one's own home [46]. The 
measurement errors in self-reported exposure likely underestimated the association between SHS and 
diabetes, whereas the measurement errors in potential mediators (i.e., BMI and waist circumference) 
could have biased the estimated mediational proportion in either direction. 

Second, the year of diabetes diagnosis was also self-reported in the 2012-2013 questionnaires, 
which was subject to memory recall errors and limited the inference of this study to those who completed 
the 2012-2013 questionnaires. Thus, due to loss to follow-up, information on incident diabetes was only 
available for 54% of the nonsmokers identified at baseline, which might be a biased sample if nonrandom 
censoring happened. However, a comparison of nonsmokers included in and excluded from the final 
analytical sample revealed comparable participant characteristics (Appendix 1). Furthermore, the 
estimated diabetes incidence rate based on our final analytical sample was 3.85 per 1000, which is very 
close to the diabetes incidence of nonsmokers in the Nurse Health Study (1902/505438 = 3.76 per 1000) 
[11]. 

Another limitation is that the CTS only recruited female participants who had worked in 
California with the majority being non-Hispanic White, so that our findings may not be generalizable to 
males, race/ethnic minority populations, blue collar workers, or individuals never worked in California. 
California is a unique state to study the effects of SHS due to the existence of the highly successful 
California Tobacco Control Program, which resulted in substantial reduction in adult cigarette 
consumption and introduction of legislation that restricted smoking in workplace and public in California 
in the past two to three decades [47].Yet, all our SHS measures were collected between 1995 and 1998. 
Thus, it is impossible for us to assess the time-varying effects of SHS exposure in California. 

Finally, the “difference method” we used to estimate the mediation proportion does not prove the 
existence of a mediational relationship. Several other possibilities might cause similar changes in 
regression coefficients after adding a variable into the regression model, such as positive confounding, 
selection bias, or a combination of them. Furthermore, multiple assumptions are required when estimating 
mediation proportion based on the “difference method,” including no uncontrolled exposure outcome and 
mediatore outcome confounding, and no mediatore exposure interaction. Although our data satisfy the no 
interaction assumption as shown by Table 5, the other two assumptions cannot be tested. However, 
extensive simulation study has shown the point estimator for the mediation proportion is consistent under 
a rare outcome assumption for Cox model, which is fulfilled in most chronic disease incidence studies 
[23]. In addition, the temporal order of the exposure, potential mediator, and outcome of our mediational 
analysis is not completely clear. Although the exposure was reported at baseline or 2 years after baseline 
and the measurement time of potential mediators was at or after baseline, body size may have been 
characteristic of that measure before baseline or SHS exposure. Conversely, some of the potential 
mediators might have occurred after the diagnosis of diabetes. 

In summary, our results provide further support for the hypothesis that SHS exposure is 
associated with an increased risk of incident type II diabetes among nonsmokers. They also suggest that 
central obesity may be an important mediator but not an effect modifier for this association. This study is 
the first that calculated the magnitude of mediation by waist circumference and BMI for the association 
be-tween SHS and diabetes, which provides important insight into the potential mechanisms explaining 
the metabolic effects of SHS expo-sure. Future research to further elucidates the pathways explaining the 
association between smoking, SHS, and metabolic disorders is important for designing innovative 
interventions to reduce the heavy burden of this pandemic chronic disease. 
 
 
 
 
 



Acknowledgment 
 

The authors would like to thank the CTS participants and other members of the CTS Steering 
Committee who did not directly contribute to this publication. 

The California Teachers Study was funded by the National Institutes of Health (grants R01 
CA077398 and K05 CA136967 to LB). The funding sources did not contribute to the design or conduct 
of the study nor to the writing or submission of this article. 

Authors’ contributions: L.J. designed the study, researched the data, contributed to the discussion, 
and wrote, reviewed, and edited the article. J.C. researched the data, performed data analysis, and 
reviewed and edited the article. A.Z., D.D., P.R., L.B., and H.A.C. participated in the study design and 
data collection of the CTS study, contributed to the discussion, and reviewed and edited the article. L.J. is 
the guarantor of this work and, as such, had full access to all the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the data analysis. 
 
Supplementary data 
 
Supplementary data associated with this article can be found in the online version at 
https://doi.org/10.1016/j.annepidem.2019.01. 011. 
References 
 
References 
 
[1] Collaborators GBDT. Smoking prevalence and attributable disease burden in 195 countries and 
territories, 1990-2015: a systematic analysis from the Global Burden of Disease Study 2015. Lancet 
2017;389:1885-906. 
[2] Oberg M, Jaakkola MS, Woodward A, Peruga A, Pruss-Ustun A. Worldwide burden of disease 
from exposure to second-hand smoke: a retrospective analysis of data from 192 countries. Lancet 
2011;377:139-46. 
[3] International Diabetes Federation. IDF diabetes atlas. Brussels, Belgium: International Diabetes 
Federation; 2013. 
[4] CDC. National diabetes statistics report, 2014. Atlanta, GA: U.S. Department of Health and 
Human Services, Centers for Disease Control and Prevention; 2014. 
[5] Pan A, Wang Y, Talaei M, Hu FB, Wu T. Relation of active, passive, and quitting smoking with 
incident type 2 diabetes: a systematic review and meta-analysis. Lancet Diabetes Endocrinol 2015;3:958-
67. 
[6] InterAct Consortium, Spijkerman AM, van der A DL, Nilsson PM, Ardanaz E, Gavrila D, et al. 
Smoking and long-term risk of type 2 diabetes: the EPIC-InterAct study in European populations. 
Diabetes Care 2014;37:3164-71. 
[7] Sun K, Liu D, Wang C, Ren M, Yang C, Yan L. Passive smoke exposure and risk of diabetes: a 
meta-analysis of prospective studies. Endocrine 2014;47:421-7. 
[8] Wang Y, Ji J, Liu YJ, Deng X, He QQ. Passive smoking and risk of type 2 diabetes: a meta-
analysis of prospective cohort studies. PLoS One 2013;8:e69915. 
[9] Wei X, E M, Yu S. A meta-analysis of passive smoking and risk of developing type 2 diabetes 
mellitus. Diabetes Res Clin Pract 2015;107:9-14. 
[10] Zhu B, Wu X, Wang X, Zheng Q, Sun G. The association between passive smoking and type 2 
diabetes: a meta-analysis. Asia Pac J Public Health 2014;26:226-37. 
[11] Zhang L, Curhan GC, Hu FB, Rimm EB, Forman JP. Association between passive and active 
smoking and incident type 2 diabetes in women. Diabetes Care 2011;34:892-7. 
[12] Hayashino Y, Fukuhara S, Okamura T, Yamato H, Tanaka H, Tanaka T, et al. A prospective 
study of passive smoking and risk of diabetes in a cohort of workers: the high-risk and population strategy 
for occupational health pro-motion (HIPOP-OHP) study. Diabetes Care 2008;31:732-4. 



[13] Houston TK, Person SD, Pletcher MJ, Liu K, Iribarren C, Kiefe CI. Active and passive smoking 
and development of glucose intolerance among young adults in a prospective cohort: CARDIA study. 
BMJ 2006;332:1064-9. 
[14] Kowall B, Rathmann W, Strassburger K, Heier M, Holle R, Thorand B, et al. Association of 
passive and active smoking with incident type 2 diabetes mellitus in the elderly population: the KORA 
S4/F4 cohort study. Eur J Epidemiol 2010;25:393-402. 
[15] Hunt KJ, Hansis-Diarte A, Shipman K, Korte JE, Fowler SP, Stern MP. Impact of parental 
smoking on diabetes, hypertension and the metabolic syndrome in adult men and women in the San 
Antonio heart study. Diabetologia 2006;49: 2291-8. 
[16] Ko KP, Min H, Ahn Y, Park SJ, Kim CS, Park JK, et al. A prospective study investigating the 
association between environmental tobacco smoke expo-sure and the incidence of type 2 diabetes in never 
smokers. Ann Epidemiol 2011;21:42-7. 
[17] Lajous M, Tondeur L, Fagherazzi G, de Lauzon-Guillain B, Boutron-Ruaualt MC, Clavel-
Chapelon F. Childhood and adult secondhand smoke and type 2 diabetes in women. Diabetes Care 
2013;36:2720-5. 
[18] Bernstein L, Allen M, Anton-Culver H, Deapen D, Horn-Ross PL, Peel D, et al. High breast 
cancer incidence rates among California teachers: results from the California teachers study (United 
States). Cancer Causes Control 2002;13: 625-35. 
[19] Reynolds P, Goldberg D, Hurley S, Nelson DO, Largent J, Henderson KD, et al. Passive smoking 
and risk of breast cancer in the California teachers study. Cancer Epidemiol Biomarkers Prev 
2009;18:3389-98. 
[20] Horn-Ross PL, Lee VS, Collins CN, Stewart SL, Canchola AJ, Lee MM, et al. Dietary 
assessment in the California teachers study: reproducibility and validity. Cancer Causes Control 
2008;19:595-603. 
[21] Spiegeleman D. http://www.hsph.harvard.edu/donna-spiegelman/software/mediate/. [Accessed 1 
May 2017]. 
[22] Lin DY, Fleming TR, DeGruttola V. Estimating the proportion of treatment effect explained by a 
surrogate marker. Statist Med 1997;16:1515-27. 
[23] Nevo D, Liao X, Spiegelman D. Estimation and inference for the mediation proportion. Int J 
Biostat 2017;13. 
[24] Shimokata H, Muller DC, Andres R. Studies in the distribution of body fat. III. Effects of 
cigarette smoking. JAMA 1989;261:1169-73. 
[25] Klesges RC, Meyers AW, Klesges LM, La Vasque ME. Smoking, body weight, and their effects 
on smoking behavior: a comprehensive review of the literature. Psychol Bull 1989;106:204-30. 
[26] Sneve M, Jorde R. Cross-sectional study on the relationship between body mass index and 
smoking, and longitudinal changes in body mass index in relation to change in smoking status: the 
Tromso Study. Scand J Public Health 2008;36:397-407. 
[27] Prospective Studies C, Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, et al. Body-
mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective 
studies. Lancet 2009;373: 1083-96. 
[28] Rasky E, Stronegger WJ, Freidl W. The relationship between body weight and patterns of 
smoking in women and men. Int J Epidemiol 1996;25: 1208-12. 
[29] Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body weight, body fat 
distribution, and insulin resistance. Am J Clin Nutr 2008;87: 801-9. 
[30] Dare S, Mackay DF, Pell JP. Relationship between smoking and obesity: a cross-sectional study 
of 499,504 middle-aged adults in the UK general population. PLoS One 2015;10:e0123579. 
[31] Watanabe T, Tsujino I, Konno S, Ito YM, Takashina C, Sato T, et al. Association between 
smoking status and obesity in a Nationwide Survey of Japanese Adults. PLoS One 2016;11:e0148926. 
[32] Canoy D, Wareham N, Luben R, Welch A, Bingham S, Day N, et al. Cigarette smoking and fat 
distribution in 21,828 British men and women: a population-based study. Obes Res 2005;13:1466-75. 



[33] Tweed JO, Hsia SH, Lutfy K, Friedman TC. The endocrine effects of nicotine and cigarette 
smoke. Trends Endocrinol Metab 2012;23:334-42. 
[34] Rayfield S, Plugge E. Systematic review and meta-analysis of the association between maternal 
smoking in pregnancy and childhood overweight and obesity. J Epidemiol Community Health 
2017;71:162-73. 
[35] Bruin JE, Gerstein HC, Holloway AC. Long-term consequences of fetal and neonatal nicotine 
exposure: a critical review. Toxicol Sci 2010;116:364-74. 
[36] Weitzman M, Cook S, Auinger P, Florin TA, Daniels S, Nguyen M, et al. Tobacco smoke 
exposure is associated with the metabolic syndrome in adolescents. Circulation 2005;112:862-9. 
[37] de Oliveira E, Moura EG, Santos-Silva AP, Pinheiro CR, Lima NS, Nogueira-Neto JF, et al. 
Neonatal nicotine exposure causes insulin and leptin resistance and inhibits hypothalamic leptin signaling 
in adult rat offspring. J Endocrinol 2010;206:55-63. 
[38] Somm E, Schwitzgebel VM, Vauthay DM, Camm EJ, Chen CY, Giacobino JP, et al. Prenatal 
nicotine exposure alters early pancreatic islet and adipose tis-sue development with consequences on the 
control of body weight and glucose metabolism later in life. Endocrinology 2008;149:6289-99. 
[39] Wannamethee SG, Shaper AG, Perry IJ, British Regional Heart S. Smoking as a modifiable risk 
factor for type 2 diabetes in middle-aged men. Diabetes Care 2001;24:1590-5. 
[40] Foy CG, Bell RA, Farmer DF, Goff Jr DC, Wagenknecht LE. Smoking and incidence of diabetes 
among U.S. adults: findings from the insulin resistance atherosclerosis study. Diabetes Care 
2005;28:2501-7. 
[41] Jiang L, Zhang B, Smith ML, Lorden AL, Radcliff TA, Lorig K, et al. Concordance between self-
reports and Medicare claims among participants in a national study of chronic disease self-management 
program. Front Public Health 2015;3:222. 
[42] Wolinsky FD, Jones MP, Ullrich F, Lou Y, Wehby GL. The concordance of survey reports and 
Medicare claims in a nationally representative longitudinal cohort of older adults. Med Care 2014;52:462-
8. 
[43] Margolis KL, Lihong Q, Brzyski R, Bonds DE, Howard BV, Kempainen S, et al. Validity of 
diabetes self-reports in the Women's health initiative: comparison with medication inventories and fasting 
glucose measurements. Clin Trials 2008;5:240-7. 
[44] Field AE, Coakley EH, Must A, Spadano JL, Laird N, Dietz WH, et al. Impact of overweight on 
the risk of developing common chronic diseases during a 10-year period. Arch Intern Med 
2001;161:1581-6. 
[45] Brownson RC, Alavanja MC, Hock ET. Reliability of passive smoke exposure histories in a case-
control study of lung cancer. Int J Epidemiol 1993;22:804-8. 
[46] Prochaska JJ, Grossman W, Young-Wolff KC, Benowitz NL. Validity of self-reported adult 
secondhand smoke exposure. Tob Control 2015;24:48-53. 
[47] Roeseler A, Burns D. The quarter that changed the world. Tob Control 2010;19(Suppl 1):i3-15. 
 
 
 
 
 
 
The authors claim no conflict of interests. 
 
* Corresponding author. Department of Epidemiology, University of California Irvine, Irvine, CA 92697-
7550. Tel.: þ1 949-824-7325; fax: 949-824-4773. 
E-mail address: lhjiang@uci.edu (L. Jiang). 




