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Abstract

Background: Active smoking has been linked to type 2 diabetes mellitus (T2DM) but only few recent studies have
shown environmental tobacco smoke (ETS) to be associated with DM in never-smokers. We assessed the association
between long term ETS exposure and DM, and explored effect modifications of this association in our sample.

Methods: We analysed 6392 participants of the Swiss study on air pollution and lung and heart diseases in adults
(SAPALDIA). We used mixed logistic regression models to assess the cross-sectional association between ETS and
DM. Selected variables were tested for effect modification and several sensitivity analyses were performed, mostly
treating participants’ study area as a random effect.

Results: The prevalence of DM and ETS in the sample was 5.5% and 47% respectively. There were 2779 never-smokers
with 4% diabetes prevalence. Exposure to ETS increased risk of DM in never-smokers by 50% [95% confidence
interval (CI): 1.00, 2.26], and we observed a positive dose–response relationship between ETS exposure level and DM
in never-smokers. Associations were strengthened (more than three-folds) by older age and chronic obstructive
pulmonary disease, and were stronger in post-menopausal, obese, hypertriglyceridaemic and physically inactive
participants. Estimates of association were robust across all sensitivity analyses (including inverse probability weighting
for participation bias and fixed-effect analysis for study area). ETS had no substantial associations in current and
ex-smokers in our study.

Conclusions: We found a positive association between ETS exposure and DM in never smokers. Additional longitudinal
studies involving biomarkers are needed to further explore underlying mechanisms and susceptibilities.
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Introduction
Diabetes contributes significantly to global disability-
adjusted life years lost. Type 2 diabetes mellitus (T2DM)
comprises >90% of global diabetes and its age-adjusted
prevalence and incidence are steadily increasing [1].
Smoking has been established as a risk factor for inci-

dent T2DM [2]. There has been interest in the health
effects of environmental tobacco smoke (ETS), which con-
tains >4000 chemical compounds that partly overlap with
compounds inhaled in active smoke [3]. ETS is still com-
mon and creates substantial health costs; for instance
Switzerland spends an estimated 419 million Swiss Francs
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in health costs due to ETS exposure [4]. ETS is produced
at different temperatures and in different forms [main-
stream smoke and side smoke] [3]. Multiple chemical com-
ponents of ETS occur in higher concentration in side-
stream than inhaled cigarette smoke [3]. These compounds
are generally inflammatory, causing blood vessel injuries
and endothelial dysfunction [5,6]. ETS also elevates plasma
fibrinogen concentrations (an acute phase plasma protein
and a biomarker for cardiorespiratory and metabolic dis-
eases) to a higher level than active smoke [7]. ETS was as-
sociated with reduced insulin sensitivity [8], glucose
intolerance [9] and metabolic syndrome [10]. Few studies
have linked ETS to incident [11] and prevalent DM [12] in
never-smokers, even in a dose–response manner [11] but
no study has explored differential susceptibilities in detail.
Studying never-smokers is important as the ETS effects are
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not intermixed with effects of previous or current active
smoking. Identification of modifying factors or susceptible
subgroups will help in identifying potentially causal path-
ways involved in the relationship between ETS and DM in
never-smokers.
We therefore assessed the association between chronic

ETS exposure and prevalent DM in an adult Swiss
cohort, and explored possible modifying factors in this
association in never-smokers.

Methods
Study Population
The Swiss Cohort Study on Air Pollution and Lung and
Heart Diseases in Adults (SAPALDIA) included 9651
participants aged 18–65 years at baseline (1991) [13,14].
The first follow-up examination in 2002 involved 8047
participants who underwent detailed computer- based
interviews and extensive health examinations. This
examination also included non-fasting blood sampling
into a biobank [14]. The sample for the present study
was 6392 participants aged 29–73 years, with complete
data on all relevant variables, drawn from this first
follow-up study. Ethical clearance for the SAPALDIA
study was obtained from the Review Boards of partici-
pating Cantons.

Definition of DM
Information on DM was not obtained at baseline there-
fore precluding us from studying incident diabetes. At
the first follow-up health interview, participants were
asked: “do you have diabetes?” and “was it diagnosed by
a doctor?” Participants were also asked about their medi-
cation history. Non-fasting blood samples were analysed
for random glucose level and HbA1c, in order to identify
undiagnosed cases. We classified participants as having
diabetes if they met one or more of the following cri-
teria: self-reported, physician-diagnosed diabetes; history
of taking anti-diabetic medication in the past month;
random blood glucose (RBG) >11.1 mmol/L; and HbA1c
concentration >0.065. HbA1c concentration was assessed
only in participants with RBG >6.1 mmol/L.

Assignment of individual exposures
At baseline and first follow-up health examination, partici-
pants were asked if they were active smokers, former
smokers or never smokers respectively. Long-term smok-
ing status was defined for participants based on their ac-
tive smoking status at baseline and follow-up. Participants
were defined as never-smokers if they reported to have
never smoked both at baseline and follow-up; current
smokers if they reported current smoking at follow-up (re-
gardless of smoking status at baseline) and ex-smokers if
they reported to be former smokers regardless of smoking
status at baseline. ETS exposure was defined as regular
exposure to ETS in the year before baseline and/or follow-
up. We then created 6 smoking categories from the long-
term smoking status and ETS exposure status of the
participants (never-smoker/no ETS; never-smoker/ETS;
ex-smoker/no ETS; ex-smoker/ETS; current smoker/no
ETS; current smoker/ETS). Participants were also asked if
they had been exposed to ETS at home or elsewhere (in-
cluding workplace, bars, restaurants etc.); the mean num-
ber of smokers they were exposed to, and mean number
of hours/day of these exposures at home, and elsewhere.
These allowed us assess any differences in effect of expos-
ure at home and outside home (considering smoking bans
in some public places in Switzerland), and to compare
our findings with previous studies. From these, we com-
puted the mean hours/day of ETS exposure for each
participant and categorized them into 0, >0 < 3 and ≥3
hours/day. This categorization was done because about
50% of those who reported ETS exposure reported 3
hours/day. Also this categorization has been used in
previous SAPALDIA publications [15], and ensures in-
ternal validity within the SAPALDIA study. All smoking
and ETS questions were derived from validated ques-
tionnaires and harmonized with the European Commu-
nity Respiratory Health Survey [16].

Potential Confounders
We selected potential confounders for this study based on
literature review and plausibility. Selected confounders in-
clude sex, age, body mass index (BMI; kg/m2), educational
level (≤9 years, 9–13 years, >13 years), neighbourhood
socio-economic index (obtained from a principal compo-
nent analysis involving educational level and occupation
of household heads, median rent and number of persons
living in a household [17]), vigorous physical activity
(defined as participation in activities that makes one
sweat or out of breath; <0.5, 0.5-2, >2 hours/week), con-
sumption of citrus fruits (including juice), other fruits
(including juice) and raw vegetables [including salad/
juice; (<1, 1–3, >3 days/week, respectively)], consumption
of alcohol (including beers, wines, liquors and spirits;
never, ≤once, >once/day). We considered occupational ex-
posure to vapours, gases, dusts or fumes (yes/no) and
pack-years smoked. Since ETS contributes to particulate
matter concentration [18,19], and studies have previously
shown a positive association between PM and diabetes
[20,21], we additionally considered mean ambient PM10

exposure (μg/m3) from baseline up until follow-up as a
potential confounder.
Estimates of annual home outdoor levels of particulate

matter <10 μm in diameter (PM10) were obtained for
each participant and each year between baseline and
first follow-up based on their address histories and
inter/extrapolations of validated dispersion model esti-
mates for the year 1990 and 2000 at all residential sites,
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using a spatial resolution of 200 × 200 m. Annual means
(between baseline and follow-up) were inter/extrapo-
lated using trends from monitoring stations nearest to
participants’ residences. Validation and inter/extrapola-
tion were done using data from the Swiss air pollution
monitoring network [22].
As potential effect modifiers, we considered sex,

age (≤50, >50 years], BMI (≤25; 25–29, ≥30 kg/m2),
educational level, physical activity, and the following
binary variables: hypertension (self-reported, or systolic
blood pressure ≥ 140 mmHg and/or diastolic blood
pressure ≥ 90 mmHg); chronic obstructive pulmonary
disease (COPD; forced expiratory volume in 1 second,
FEV1/forced vital capacity, FVC >0.7); high non-fasting
triglyceride (>1.52 mmol/L); low HDL-cholesterol (high
density lipoprotein ≤1.51 mmol/L) and high hs-CRP
(high sensitivity C-reactive protein; >1.0 mmol/L). In
women, menopausal status (post- vs. pre-) was also
considered. All of these variables were associated with
diabetes at first follow-up. Statistical Analyses.
We summarized the participants’ characteristics ac-

cording to smoking categories. We calculated propor-
tions for the categorical variables and mean/standard
deviation for the continuous variables.
We fitted a mixed logistic unadjusted regression model

to test interaction between smoking status and ETS ex-
posure in their association with diabetes, to justify the
classification of participants to their respective smoking
categories. We fitted another model with tobacco expos-
ure in 6 categories (generated from the combination of
active smoking and ETS status) and added the potential
confounders in an incremental manner. This enabled
observing the effect of each of the potential confounders
on the association between ETS exposure and DM
for each smoking category. Our fully-adjusted model
included participants’ age, sex, educational status, occu-
pational exposure to vapour, dusts and fumes, active
smoking status, smoked pack-years, alcohol consump-
tion, consumption of raw vegetables, citrus fruits and
other fruits, PM10 exposure and body mass index. We
did not consider co-morbidities and blood markers in
our fully-adjusted model (they may lie in the causal
pathway of the ETS-diabetes association), but we ex-
plored their effects by adding them separately to the
fully-adjusted model.
We introduced interaction terms between the smoking

category - ETS in never-smokers - and pre-selected po-
tential effect modifiers to the fully-adjusted model one
by one and noted the p-values of the interaction terms.
In other models, we estimated separate effects of this
smoking category for the several compared groups.
We performed several sensitivity analyses. We ad-

justed for missing information and potential participa-
tion bias using inverse probability weighting. We excluded
participants with any self-reported heart disease. We ex-
cluded participants who reported diabetes medication
use before baseline assessment. We restricted diabetes
definitions by only applying one of the criteria at a time
and excluded cases identified by “complementary” defini-
tions from respective analyses. We applied models ignor-
ing study area and treating study area as a fixed effect.
We created smoking categories based on only the baseline
smoking and ETS data; collected 10 years prior to
data obtained for diabetes classification at follow-up, and
performed similar incremental adjustment for potential
confounders.
To assess dose–response relationships, we limited the

analysis to never-smokers and tested the association be-
tween mean hours/day (categories) of ETS exposure and
prevalent diabetes by adding the potential confounding
variables also in an incremental manner.
All analyses were performed with STATA data analysis

software version 12 (STATA Corporation, Texas).

Results
The prevalence of ETS in the study population was
46.8% and 34% in never-smokers. We identified 315
cases of diabetes. In never-smokers, ETS exposure was
higher in females, younger participants, and participants
with lower educational level, lower neighbourhood
socio-economic index and lower physical activity, lower
HDL, higher hs-CRP and higher diabetes rates (Table 1).
Similar trends were observed for ex-smokers and current
smokers. Current smokers had longer duration of expos-
ure to ETS than never- and ex-smokers. ETS exposure
in current smokers was associated with higher triglycer-
ide levels and higher smoking pack-years (Table 1).
Additional file 1: Table A1 shows the baseline characteris-
tics of SAPALDIA cohort participants based on whether
they were included in the present analysis or not. While
most characteristics were significantly different, the pro-
portion of diabetes cases was the same in both groups.
We found higher odds of DM in ex-smokers (OR:

1.29; 95% CI: 0.87, 1.92) and current smokers (OR: 1.37;
95% CI: 0.80, 2.36) compared to never-smokers. Since
we found a significant interaction between ETS exposure
and smoking in their association with DM (p = 0.013),
we separately estimated the effect of ETS exposure in
never-smokers, ex-smokers and current smokers.
Exposure to ETS increased the odds of diabetes by

50% (95% CI: 0, 126%) in never smokers. There was a
positive association in ex-smokers and no sizable associ-
ation in current smokers (Table 2). Odds of diabetes
generally increased by >20% in all categories after adjust-
ing for age and sex and remained fairly stable until ad-
justment for BMI (Table 2). Adjusting for hypertension,
triglyceridaemia, HDL and hs-CRP levels did not sub-
stantially change the effect estimates (Additional file 1:



Table 1 Characteristics of study population

Characteristic (%) Never smokers;
No ETS

Never smokers;
ETS

Ex-smokers;
No ETS

Ex-smokers;
ETS

Current Smokers;
No ETS

Current Smokers;
ETS

N = 6392 1834 945 1119 902 448 1144

Females 61 58 45 42 45 47

Educational level: ≤ 9 years 6 7 5 6 7 6

10-13 years 63 67 64 66 62 71

>13 years 30 26 32 28 30 24

Occupational exposure to gases/
dusts/ fumes

31 47 36 55 40 54

Mean hours/day exposed to ETS at
home: 0

100 55 100 55 100 34

<3 0 39 0 39 0 54

≥3 0 6 0 6 0 12

Mean hours/day exposed to ETS
elsewhere: 0

100 55 100 55 100 34

<3 0 34 0 33 0 51

≥3 0 11 0 13 0 16

Vigorous physical activity: <0.5 h/wk 35 42 40 40 44 45

0.5-2 hours/week 38 32 35 30 33 30

>2 hours/week 27 26 31 30 24 25

Alcohol intake: Never 11 11 6 8 7 9

≤ once/day 84 82 86 77 83 77

> once/day 4 6 8 15 10 15

Consumption of vegetables: Never 0 1 1 0 1 1

≤3 days/week 17 19 17 18 20 23

>3 days/week 83 80 82 82 79 76

Consumption of citrus fruits: Never 7 7 9 9 10 11

≤3 days/week 57 52 57 57 59 55

>3 days/week 36 41 34 34 31 34

Consumption of other fruits: Never 1 1 1 1 2 4

≤3 days/week 28 31 29 36 41 42

>3 days/week 71 68 70 63 57 54

Menopausea 64 55 63 54 62 47

Diabetes cases 3 5 6 7 5 4

Hypertension cases 35 34 44 38 35 31

COPD cases 16 16 22 20 25 25

High triglyceride (>1.52 mmol/l) 45 45 54 54 51 54

High HDL-cholesterol (>1.51 mmol/l) 51 47 46 43 41 35

High C-reactive protein (>1.0 mg/l) 47 47 49 52 56 44

Mean (SD)

Age (years) 52.6(11.9) 49.8(12.7) 56.1(9.8) 52.7(10.8) 52.9(10) 48.9(10.7)

BMI (kg/m2) 25.6(4.3) 26.2(4.7) 26.1(4.3) 26.7(4.4) 25.5(3.9) 25.3(4.5)

Area socio-economic index 64.6(9.7) 62.3(10.3) 65.3(9.8) 61.8(10.4) 64.7(9.9) 61.8(10.3)

Home outdoor PM10 (μg/m3) 21.9(7.3) 22.6(7.4) 21.9(7.3) 22.7(7.7) 23.6(7.5) 22.6(7.5)

Pack-years of smokingb 0(0) 0(0) 7.2(17.8) 13(27.5) 14.7(27.1) 20(28.4)

ETS: environmental tobacco smoke; BMI: body mass index; COPD: chronic obstructive pulmonary disease; PM10: particulate matter <10 μm in diameter. HDL: high
density lipoproteins; HDL divided at its sample mean whereas CRP and triglycerides were divided at their sample median. aN = 2958. bMedian (IQR).
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Table 2 Association between ETS-exposure status and diabetes mellitus according to smoking status

ETS (yes vs. no) in never
smokers OR (95% CI)

ETS (yes vs. no) in ex-smokers
OR (95% CI)

ETS (yes vs. no) in current
smokers OR (95% CI)

Unadjusted 1.54 (1.05, 2.27) 1.02 (0.71, 1.45) 0.80 (0.48, 1.35)

Adjusted for age and sex 1.86 (1.26, 2.76) 1.26 (0.87, 1.82) 1.07 (0.63, 1.82)

+ socio-economic status 1.81 (1.22, 2.69) 1.21 (0.84, 1.75) 1.05 (0.62, 1.78)

+ lifestyle characteristicsa 1.75 (1.17, 2.60) 1.19 (0.81, 1.73] 1.06 (0.62, 1.82)

+ home outdoor PM10 1.73 (1.16, 2.57) 1.17 (0.81, 1.71) 1.06 (0.62, 1.81)

+ body mass index 1.50 (1.00, 2.26) 1.07 (0.73, 1.57) 0.93 (0.54, 1.61)

Socio-economic status includes educational attainment and area-level socio-economic position; ainclude alcohol consumption, smoking pack-years, work exposure
to dust gas and fumes, citrus fruits, other fruits and raw vegetables, and physical activity. OR: odds ratio. OR values represent % increase in diabetes prevalence
for exposure to ETS in each smoking group. CI: confidence interval. PM10: particulate matter <10 μm in diameter. Area was treated as a random effect in all
models. + indicates additional adjustment. N = 6392 at all levels of adjustment.
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Table A2). We observed a positive dose–response rela-
tionship between level of ETS exposure and DM in
never-smokers. This was substantial only for home ETS
exposure. The respective odds of diabetes for ETS ex-
posure >0 < 3 hours/day and ≥3 hours/day at home were
1.01 (95% CI: 0.54, 1.88) and 2.62 (95% CI: 1.04, 6.62)
compared to no ETS exposure at home (Table 3).
On an ordinal scale, the risk of diabetes increased by

13% (95% CI: 0.97, 1.31) and 5% (0.96, 1.15) per hour of
ETS exposure at home and elsewhere respectively.
Since we found a substantial association between ETS

exposure and DM only in never-smokers, we limited the
effect modification analysis to this group. The associ-
ation between ETS and DM in never smokers was highly
strengthened by older age and COPD (Table 4). Associa-
tions were also strengthened (albeit less strongly) by fe-
male sex, obesity, physical inactivity, hypertension, high
serum triglyceride and low serum HDL, and post-
menopausal status in women (Table 4).
The effect estimates remained robust and positive across

most sensitivity analyses. Adjusting for participation bias,
ignoring study area and treating study area as a fixed effect
did not sizably change the odds of diabetes (Additional file
1: Table A3). Exclusion of participants with self-reported
heart disease or using restricted definitions of diabetes
Table 3 Dose–response relationship between ETS exposure an

ETS exposure >0 < 3 hours/
day at homea OR (95% CI)

ETS exposure ≥3
day at homea OR

Unadjusted 1.06 (0.60, 1.85) 3.35 (1.46, 7.69)

Adjusted for age and sex 1.41 (0.79, 2.51) 3.51 (1.48, 8.33)

+ socio-economic status 1.33 (0.75, 2.38) 3.44 (1.45, 8.14)

+ lifestyle characteristicsc 1.26 (0.70, 2.28) 2.83 (1.18, 6.82)

+ home outdoor PM10 1.27 (0.70, 2.30) 2.81 (1.17, 6.75)

+ body mass index 1.01 (0.54, 1.88) 2.62 (1.04, 6.62)
aestimates are compared with no ETS exposure at home. bestimates are compared
attainment and area-level socio-economic position; cinclude alcohol consumption, s
fruits and raw vegetables, and physical activity. OR: odds ratio. OR values represent
reference group. CI: confidence interval. PM10: particulate matter <10 μm in diamet
adjustment. N = 2779.
based on self-reported diagnosis or medication intake sub-
stantially increased the odds of diabetes (Additional file 1:
Table A3). Exclusion of subjects who reportedly used anti-
diabetic medication at the baseline assessment and defin-
ing diabetes only using the blood markers marginally
reduced the odds of diabetes (Additional file 1: Table A3).
Defining exposure categories using only the baseline
smoking and ETS status did not sizably change the results
(Additional file 1: Table A4).

Discussion
We found a positive association between ETS exposure
and diabetes among never smokers in the SAPALDIA
cohort. This association was strengthened by age and re-
spiratory obstruction.
We also found a positive dose–response relationship

which was substantial for ETS exposure at home. We
observed some threshold effect for ETS exposure outside
the home. This points towards a non-linear association
but on further exploration, we found the likelihood ratio
test comparing the model with categorical hours of ETS
exposure with the model with ordinal hours of ETS ex-
posure to be insignificant (P-value > 0.2) for both expos-
ure settings. Thus we may not reject the hypothesis of a
linear dose–response relationship, particularly as these
d DM in never-smokers

hours/
(95% CI)

ETS exposure >0 < 3 hours/
day elsewhereb OR (95% CI)

ETS exposure ≥3 hours/
day elsewhereb OR (95% CI)

1.47 (0.87,2.47) 0.98(0.35,2.72)

1.77 (1.03,3.03) 1.55(0.54,4.44)

1.69 (0.98,2.92) 1.47(0.51,4.22)

1.55 (0.89,2.69) 1.40(0.48,4.09)

1.55 (0.89,2.70) 1.41(0.49,4.09)

1.25 (0.70,2.24) 1.31(0.43,4.01)

with no ETS exposure elsewhere. Socio-economic status includes educational
moking pack-years, work exposure to dust gas and fumes, citrus fruits, other
% increase in diabetes prevalence for exposure to ETS compared to the
er. Area was treated as a random effect in all models. + indicates additional



Table 4 Patterns of susceptibility to ETS in association
with diabetes mellitus, in never smokers

Variable Categories ETS (yes vs. no)
in never-smokers.
OR (95% CI)

Age ≤ 50 years 0.32 (0.07, 1.60)

> 50 years 1.69 (1.10, 2.60)

Interaction 0.05

Sex Males 1.23 (0.65, 2.35)

Females 1.71 (1.01, 2.92)

Interaction p-value 0.443

BMI (kg/m2) < 25 1.15 (0.42, 3.19)

25-29 1.24 (0.68, 2.27)

≥30 1.97 (1.12, 3.46)

Interaction p-value 0.261

Hypertension No 1.23 (0.56, 2.73)

Yes 1.64 (1.01, 2.66)

Interaction p-value 0.545

COPD (FEV1/FVC <0.7) No 1.18 (0.75, 1.87)

Yes 4.55 (1.69, 12.3)

Interaction p-value 0.015

Educational level ≤ 9 years 1.38 (0.44, 4.31)

>9 years 1.52 (0.98, 2.36)

Interaction 0.254

Vigorous physical activity <0.5 hours/week 1.88 (1.09, 3.19)

≥0.5 hours/week 1.05 (0.62, 1.79)

Interaction p-value 0.160

Triglyceride level (mmol/l) ≤ 1.52 0.89 (0.38, 2.10)

> 1.52 1.85 (1.13, 3.02)

Interaction p-value 0.149

HDL level (mmol/l) ≤ 1.51 1.59 (0.96, 2.61)

> 1.51 1.34 (0.61, 2.94)

Interaction p-value 0.718

C-reactive protein (mg/l) ≤1.0 1.71 (0.83, 3.56)

>1.0 1.47 (0.89, 2.45)

Interaction p-value 0.742

Menopause No 0.56 (0.07, 4.33)

Yes 2.14 (1.13, 4.05)

Interaction p-value 0.217

OR: odds ratio, CI: confidence interval; COPD: chronic obstructive pulmonary
disease, FEV1: forced expiratory volume in 1 second, FVC: forced vital capacity.
HDL: high density lipoproteins. OR values represent % increase in prevalent
diabetes for ETS exposure in never smokers in each category. Triglyceride
and C-reactive protein were grouped by its median value while HDL was
grouped by its mean value. Area was treated as a random effect in all models.
Group-specific estimates were obtained from a single model. P-values of
interaction terms (between exposure and potential effect modifiers) were
obtained from a separate model.
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dose–response relationships were observed using only
three categorical data points.
Major characteristics and findings of previous studies

(which reported mixed findings) on this association in
never-smokers are summarized in Additional file 1:
Table A5. While most reported a positive association be-
tween ETS exposure and DM risk [9,12,23-27], others
did not [10], despite controlling for major DM risk fac-
tors. A recent meta-analysis of six studies reported
pooled risk of diabetes to be 1.21 (95% CI: 1.07, 1.38) in
never-smokers. Few studies explored effect modification
by age [23], sex [9,23,25], race [9], BMI/obesity [25,26],
pre-diabetes status [24] and living with a regular/occa-
sional smoker [26]. No study explored modification by
physical activity, social status, menopause and co-
morbidities. Unlike our study, Ko et al. did not find any
effect modification by age [23]. Our finding of a stronger
effect in women agrees with other studies [9,23]. This
might be because women get more intense ETS expos-
ure than men (they comprise >60% of never-smokers in
our study) and/or hormonal differences impacting on
the metabolism [28,29]. We found no substantial effect
modification by BMI/obesity. Unlike Lajous et al. [26],
our results suggest effects to be stronger among the
obese. Stronger effects were reported for white race [9],
pre-diabetic subjects [24], and people living with a regu-
lar smoker [26].
We found a positive dose–response relationship only for

home ETS exposure which appeared to be stronger in
men. This may indicate that exposures at home tend to be
more intense and sustained than exposures elsewhere,
which would be consistent with the general decline in
smoking in public places in Switzerland over the past
years [30]. Lajous et al. reported a contrary finding where
they demonstrated a positive association for exposures
outside the home, which might be because they could not
assign home exposures to a large proportion of their par-
ticipants [26]. Ko et al. [23] demonstrated a positive dose–
response relationship between ETS exposure and incident
T2DM both at work and home in their population. The
differences between ETS at home and ETS elsewhere
should be interpreted with care as we observed similar
dose–response trends in exhaled carbon monoxide (CO; a
marker of recent exposure to tobacco smoke) levels in
both settings (Additional file 1: Table A6).
None of these studies explored the effect of ETS in the

three smoking groups (never-, ex- and current smokers).
Some studies either combined never- and ex-smokers
[10,12,25] or studied ETS exposure only in never smokers
[9]. One study explored effect of ETS exposure in never
and ex-smokers, but not in current smokers [24]. This
makes comparison of the various results difficult.
As suggested by Iso et al. [7], ETS elevates plasma fi-

brinogen levels. Our finding of effect modification by
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age and COPD are consistent with a fibrinogen-related
pathway, since plasma fibrinogen increases with age [31]
and is a biomarker associated with COPD risk [32].
ETS has been shown to cause adipose tissue inflamma-

tion and alter lipid profiles [33]. Holay et al. demonstrated
higher levels of serum lipids among active and passive
smokers [5], and Xie et al. showed an association between
ETS and metabolic syndrome, including its individual lipid
components [10]. We found stronger associations with
ETS among people with high triglyceride, low HDL-
cholesterol level and obesity, which also points to a path-
way involving lipids. Particulate matter concentration is
influenced by ETS and has also been shown to cause adi-
pose tissue inflammation, endothelial dysfunction and im-
paired insulin signalling in animal models [34].
Hormonal changes in menopause may enhance visceral

adiposity, high levels of adipokines and tumour necrosis
factor-alpha [35,36], which are risk factors for insulin
resistance. Our results showed a >2-fold risk of DM for
ETS exposure in post-menopausal compared to pre-
menopausal women. Henkin et al. demonstrated reduced
insulin sensitivity on ETS exposure both in never- and ex-
smokers, which was more pronounced in females [8].
This analysis draws from the large database of the

SAPALDIA study with detailed socio-demographic, life-
style and health characteristics of participants. The ETS
exposures were assigned based on detailed questions re-
garding the smoking habits of participants and the
people around them. We observed little or no inconsist-
encies in self-reported smoking status at baseline and
follow-up, for instance, none of the never-smokers at
follow-up reported smoking at baseline. Our adjustment
for socio-economic (SE) differences did not only include
individual educational attainment, but also SE status at
neighbourhood-level. Moreover, we controlled for poten-
tial confounding effects from exposure to ambient air
pollution, using home outdoor levels of PM10, and from
exposure at work, by using an indicator variable for oc-
cupational exposure to dusts, gases and fumes. Our out-
come definition was based on an algorithm attempting
to minimise misclassification. We assessed effect modifi-
cation by selected variables to help understand potential
pathways involved in the observed associations.
We used a cross-sectional design and all estimates of

ETS exposure were self-reported which poses a risk for
bias. Ideally, cotinine concentrations are measured to
objectively assess ETS exposure. Nevertheless we expect
some reliability in the self-reported ETS exposure as
they have been shown to moderately correlate with
serum cotinine measures [37,38]. Also, we observed a
positive gradient in mean expired CO levels stratified
by categories of self-reported hours of ETS exposure
(Additional file 1: Table A6). We did not have any infor-
mation on family history of diabetes and were unable to
differentiate adult type 1 diabetes (T1DM) from T2DM
in our population. We expect a small bias due to T1DM
since most of the global diabetes burden and adult dia-
betes diagnosis are due to T2DM [39]. We did not have
information on time of diagnosis for many DM cases
but about 90% of those on DM medication reported
intake after baseline examination. We explored this in
a sensitivity analysis by excluding the few cases that
reported diabetes medication intake before baseline
examination. Our results might have been affected by
participation bias since only 67% of the original cohort
participants could be included in the analyses. Therefore,
we conducted a sensitivity analysis using inverse probabil-
ity weighting. The fact that these results were very similar
to the original ones does not rule out participation bias
completely but reduces concerns to some extent.
Estimates of association remained robust across most

sensitivity analyses apart from exclusion of reported dia-
betes prior to baseline. This could mean that excluded
cases (reportedly diagnosed before baseline) may have had
a longer exposure duration compared to the other cases.
Also, they are older and we have shown association to
be stronger in older people. We cannot entirely exclude
under-diagnosis or under- or over-reporting of diabetes in
the absence of a clinical diabetes assessment in all partici-
pants. Unless this misclassification is related to ETS, we
would expect it to bias associations towards null.
Our findings in ex-smokers and current smokers are not

surprising, especially for current smokers because of their
constant exposure to their own active smoke. It would be
necessary to further explore this in ex-smokers, taking
into account the time between smoking cessation and ETS
exposure assessment. A hypothesis is that effects of ETS
increase with longer duration between smoking cessation
and ETS exposure assessment.

Conclusion
We found a positive association between ETS exposure
and DM in never smokers, which was significantly stronger
in older subjects and in subjects with COPD. High quality
longitudinal studies including various biomarkers are
needed to explore these effect modifications in more detail.

Additional file

Additional file 1: Title and description of data. Table A1. Characteristics
of included and zexcluded participants. Table A2. Additional adjustment
for hypertension and blood markers. Table A3. Sensitivity analyses of
ETS-DM association in never smokers. Table A4. Sensitivity analyses
with baseline variables Table A5. Previous studies ETS and risk of DM
in never-smokers. Table A6. Mean expired carbon monoxide levels by
categories of self-reported ETS exposure in never-smokers.

Abbreviations
BMI: Body mass index; CO: Carbon monoxide; COPD: Chronic obstructive
pulmonary disease; DM: Diabetes mellitus; ETS: Environmental tobacco

http://www.biomedcentral.com/content/supplementary/1476-069X-13-74-S1.docx


Eze et al. Environmental Health 2014, 13:74 Page 8 of 9
http://www.ehjournal.net/content/13/1/74
smoke; FEV1: Forced expiratory volume in one second; FVC: Forced vital
capacity; HDL: High density lipoprotein; hs-CRP: High sensitivity C-reactive
protein; PM10: Particulate matter with diameter less than 10 micrograms;
RBG: Random blood glucose; SAPALDIA: Swiss cohort study on air pollution
and lung and heart diseases in adults; SE: Socio-economic; T1DM: Type 1
diabetes mellitus; T2DM: Type 2 diabetes mellitus.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The authors contributed equally to the conception of this study and the
development of this manuscript. All authors read and approved the final
manuscript.

Acknowledgements
This study was supported by the Swiss National Science Foundation (grants
no. 33CSCO-134276/1, 33CSCO-108796, 3247BO-104283, 3247BO-104288,
3247BO-104284, 3247–065896, 3100–059302, 3200–052720, 3200–042532,
4026–028099, PMPDP3_129021/1, PMPDP3_141671/1); the Federal Office for
Forest, Environment and Landscape; the Federal Office of Public health; the
Federal office of Roads and Transport; the cantonal governments of Aargau,
Basel-Stadt, Basel-Land, Geneva, Luzern, Ticino and Zurich; the Swiss Lung
League and the Lung Leagues of Basel-Stadt/Basel-Landschaft, Geneva,
Ticino Valais, Graubünden and Zurich.
We thank all participants and field workers in the Swiss study on Air
pollution and Lung and Heart Diseases in Adults (SAPALDIA) team for their
time, commitment and work. Details in online supplement.

The SAPALDIA Team
Study directorate: NM Probst-Hensch (PI; e/g); T Rochat (p), N Künzli (e/exp),
C Schindler (s), JM Gaspoz (c). Scientific team: JC Barthélémy (c), W Berger
(g), R Bettschart (p), A Bircher (a), O Brändli (p), C Brombach (n), L Burdet (p),
M Frey (p), U Frey (pd), MW Gerbase (p), D Gold (e), E de Groot (c), W Karrer
(p), M Kohler (p), B Martin (pa), D Miedinger (o), L Nicod (p), M Pons (p), F
Roche (c), T Rothe (p), P Schmid-Grendelmeyer (a), A Schmidt-Trucksäss (pa),
A Turk (p), J Schwartz (e), D. Stolz (p), P Straehl (exp), JM Tschopp (p), A von
Eckardstein (cc), E Zemp Stutz (e). Scientific team at coordinating centers:
M Adam (e/g), I Aguilera, C Autenrieth (pa), PO Bridevaux (p), D Carballo (c), I
Curjuric (e), J Dratva (e), R Ducret (s), E Dupuis Lozeron (s), M Eeftens (exp), I Eze
(e), E Fischer (g), M Germond (s), L Grize (s), S Hansen (e), A Hensel (s), M Imboden
(g), A Ineichen (exp), D Keidel (s), A Kumar (g), N Maire (s), A Mehta (e), R Meier
(exp), E Schaffner (s), T Schikowski (e), GA Thun (g), M Tarantino (s), M Tsai (e) (a)
allergology, (c) cardiology, (cc) clinical chemistry, (e) epidemiology, (exp)
exposure, (g) genetic and molecular biology, (m) meteorology, (n) nutrition,
(o) occupational health, (p) pneumology, (pa) physical activity, (pd)
pediatrics, (s) statistics.
Local fieldworkers : Aarau: S Brun, G Giger, M Sperisen, M Stahel, Basel: C
Bürli, C Dahler, N Oertli, I Harreh, F Karrer, G Novicic, N Wyttenbacher, Davos:
A Saner, P Senn, R Winzeler, Geneva: F Bonfils, B Blicharz, C Landolt, J Rochat,
Lugano: S Boccia, E Gehrig, MT Mandia, G Solari, B Viscardi, Montana: AP
Bieri, C Darioly, M Maire, Payerne: F Ding, P Danieli A Vonnez, Wald: D
Bodmer, E Hochstrasser, R Kunz, C Meier, J Rakic, U Schafroth, A Walder.
Administrative staff: C Gabriel, R Gutknecht.

Author details
1Department of Epidemiology and Public Health, Swiss Tropical and Public
Health Institute, Socinstrasse 57, 4002 Basel, Switzerland. 2University of Basel,
Basel, Switzerland. 3Institute of Clinical Chemistry, University Hospital, Zurich,
Switzerland. 4Zürcher Höhenklinik Wald, Wald-Faltigberg, Faltigberg-wald,
Switzerland. 5Lungenpraxis Hirslanden Klinik Aarau, Aarau, Switzerland.

Received: 24 June 2014 Accepted: 13 September 2014
Published: 25 September 2014

References
1. U.S. Department of Health and Human Services: The Health Consequences of

Smoking-50 Years of Progress: A Report of the Surgeon General. Atlanta GA:
Centers for Disease Control and Prevention, National Center for Chronic Disease
Prevention and Health Promotion, Office on Smoking and Health; 2014.
2. Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J: Active smoking and
the risk of type 2 diabetes: a systematic review and meta-analysis.
JAMA 2007, 298:2654–2664.

3. Taylor AE, Johnson DC, Kazemi H: Environmental tobacco smoke and
cardiovascular disease. A position paper from the Council on
Cardiopulmonary and Critical Care, American Heart Association.
Circulation 1992, 86:699–702.

4. Hauri DD, Lieb CM, Rajkumar S, Kooijman C, Sommer HL, Roosli M: Direct
health costs of environmental tobacco smoke exposure and indirect
health benefits due to smoking ban introduction. Eur J Public Health 2011,
21:316–322.

5. Holay MP, Paunikar NP, Joshi PP, Sahasrabhojney VS, Tankhiwale SR: Effect of
passive smoking on endothelial function in: healthy adults. J Assoc
Physicians India 2004, 52:114–117.

6. Giannini D, Leone A, Di Bisceglie D, Nuti M, Strata G, Buttitta F, Masserini L,
Balbarini A: The effects of acute passive smoke exposure on
endothelium-dependent brachial artery dilation in healthy individuals.
Angiology 2007, 58:211–217.

7. Iso H, Shimamoto T, Sato S, Koike K, Iida M, Komachi Y: Passive smoking and
plasma fibrinogen concentrations. Am J Epidemiol 1996, 144:1151–1154.

8. Henkin L, Zaccaro D, Haffner S, Karter A, Revers M, Sholinsky P,
Wagenknecht L: Cigarette smoking, environmental tobacco smoke
exposure and insulin sensitivity - The Insulin Resistance Atherosclerosis
Study. Ann Epidemiol 1999, 9:290–296.

9. 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, 332:1064–1069.

10. Xie B, Palmer PH, Pang Z, Sun P, Duan H, Johnson CA: Environmental
tobacco use and indicators of metabolic syndrome in Chinese adults.
Nicotine Tob Res 2010, 12:198–206.

11. 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,
doi:10.1007/s12020-014-0194-1.

12. Vardavas CI, Lionis C, Polychronopoulos E, Zeimbekis A, Bountziouka V,
Stravopodis P, Metallinos G, Panagiotakos DB: The role of second-hand
smoking on the prevalence of Type 2 diabetes mellitus in elderly men
and women living in Mediterranean islands: the MEDIS study. Diabet Med
2010, 27:242–243.

13. Martin BW, Ackermann-Liebrich U, Leuenberger P, Kuenzli N, Stutz EZ, Keller
R, Zellweger JP, Wuthrich B, Monn C, Blaser K, Bolognini G, Bongard JP,
Braendli O, Braun P, Defila C, Domenighetti G, Grize L, Karrer W, Keller-Wossidlo
H, Medici TC, Peeters A, Perruchoud AP, Schindler C, Solari G, Schoeni MH,
Schwartz J, Tschopp J, Villiger B: SAPALDIA: methods and participation in the
cross-sectional part of the Swiss Study on Air Pollution and Lung Diseases
in Adults. Soz Praventivmed 1997, 42:67–84.

14. Ackermann-Liebrich U, Kuna-Dibbert B, Probst-Hensch NM, Schindler C,
Felber Dietrich D, Stutz EZ, Bayer-Oglesby L, Baum F, Brandli O, Brutsche M,
Downs SH, Kirdel D, Gerbase MW, Imboden M, Keller R, Knoepfli B, Kuenzli
N, Nicod L, Pons M, Staedele P, Tschopp J, Zellwegger J, Leuenberger P,
SAPALDIA team: Follow-up of the Swiss Cohort Study on Air Pollution
and Lung Diseases in Adults (SAPALDIA 2) 1991–2003: methods and
characterization of participants. Soz Praventivmed 2005, 50:245–263.

15. Leuenberger P, Schwartz J, Ackermann-Liebrich U, Blaser K, Bolognini G,
Bongard JP, Brandli O, Braun P, Bron C, Brutsche M, 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, 150:1222–1228.

16. Burney PG, Luczynska C, Chinn S, Jarvis D: The European Community
Respiratory Health Survey. Eur Respir J 1994, 7:954–960.

17. Panczak R, Galobardes B, Voorpostel M, Spoerri A, Zwahlen M, Egger M:
A Swiss neighbourhood index of socioeconomic position: development
and association with mortality. J Epidemiol Community Health 2012,
66:1129–1136.

18. Repace JL, Lowrey AH: Indoor air pollution, tobacco smoke, and public
health. Science 1980, 208:464–472.

19. Invernizzi G, Ruprecht A, Mazza R, Majno E, Rossetti E, Paredi P, Boffi R:
Real-time measurement of indoor particulate matter originating from
environmental tobacco smoke: a pilot study. Epidemiol Prev 2002,
26:30–34.

20. Eze IC, Schaffner E, Fischer E, Schikowski T, Adam M, Imboden M, Tsai M,
Carballo D, von Eckardstein A, Kuenzli N, Schindler C, Probst-Hensch N:



Eze et al. Environmental Health 2014, 13:74 Page 9 of 9
http://www.ehjournal.net/content/13/1/74
Long-term air pollution exposure and diabetes in a population-based
Swiss cohort. Environ Int 2014, 70C:95–105.

21. Chen H, Burnett RT, Kwong JC, Villeneuve PJ, Goldberg MS, Brook RD,
van Donkelaar A, Jerrett M, Martin RV, Brook JR, Copes R: Risk of incident
diabetes in relation to long-term exposure to fine particulate matter in
Ontario, Canada. Environ Health Perspect 2013, 121:804–810.

22. Liu LJ, Curjuric I, Keidel D, Heldstab J, Kunzli N, Bayer-Oglesby L,
Ackermann-Liebrich U, Schindler C: Characterization of source-specific
air pollution exposure for a large population-based Swiss cohort
(SAPALDIA). Environ Health Perspect 2007, 115:1638–1645.

23. Ko KP, Min H, Ahn Y, Park SJ, Kim CS, Park JK, Kim SS: A prospective study
investigating the association between environmental tobacco smoke
exposure and the incidence of type 2 diabetes in never smokers.
Ann Epidemiol 2011, 21:42–47.

24. Kowall B, Rathmann W, Strassburger K, Heier M, Holle R, Thorand B, Giani G,
Peters A, Meisinger C: 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.

25. Hayashino Y, Fukuhara S, Okamura T, Yamato H, Tanaka H, Tanaka T,
Kadowaki T, Ueshima H: A prospective study of passive smoking and
risk of diabetes in a cohort of workers: the High-Risk and Population
Strategy for Occupational Health Promotion (HIPOP-OHP) study.
Diabetes Care 2008, 31:732–734.

26. 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, 36:2720–2725.

27. 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, 34:892–897.

28. Khaw KT, Tazuke S, Barrett-Connor E: Cigarette smoking and levels of adrenal
androgens in postmenopausal women. N Engl J Med 1988, 318:1705–1709.

29. Mudali S, Dobs AS, Ding J, Cauley JA, Szklo M, Golden SH: Endogenous
postmenopausal hormones and serum lipids: the atherosclerosis risk in
communities study. J Clin Endocrinol Metab 2005, 90:1202–1209.

30. Röösli M, Rajkumar S: How long is the yardstick for smoking bans in
Switzerland? Int J Public Health 2013, 58:797–798.

31. Drenos F, Miller GJ, Humphries SE: Increase of plasma fibrinogen levels
and variability with age in a sample of middle aged healthy men. Ann
Hum Genet 2007, 71:43–53.

32. Duvoix A, Dickens J, Haq I, Mannino D, Miller B, Tal-Singer R, Lomas DA:
Blood fibrinogen as a biomarker of chronic obstructive pulmonary
disease. Thorax 2013, 68:670–676.

33. Feldman J, Shenker IR, Etzel RA, Spierto FW, Lilienfield DE, Nussbaum M,
Jacobson MS: Passive smoking alters lipid profiles in adolescents.
Pediatrics 1991, 88:259–264.

34. Rajagopalan S, Brook RD: Air pollution and type 2 diabetes: mechanistic
insights. Diabetes 2012, 61:3037–3045.

35. Lee CG, Carr MC, Murdoch SJ, Mitchell E, Woods NF, Wener MH, Chandler
WL, Boyko EJ, Brunzell JD: Adipokines, inflammation, and visceral
adiposity across the menopausal transition: a prospective study. J Clin
Endocrinol Metab 2009, 94:1104–1110.

36. Sites CK, Toth MJ, Cushman M, L’Hommedieu GD, Tchernof A, Tracy RP,
Poehlman ET: Menopause-related differences in inflammation markers
and their relationship to body fat distribution and insulin-stimulated
glucose disposal. Fertil Steril 2002, 77:128–135.

37. Cummings KM, Markello SJ, Mahoney M, Bhargava AK, McElroy PD, Marshall JR:
Measurement of current exposure to environmental tobacco smoke.
Arch Environ Health 1990, 45:74–79.

38. Wagenknecht LE, Burke GL, Perkins LL, Haley NJ, Friedman GD:
Misclassification of smoking status in the CARDIA study: a comparison of
self-report with serum cotinine levels. Am J Public Health 1992, 82:33–36.

39. Alberti KG, Zimmet PZ: Definition, diagnosis and classification of diabetes
mellitus and its complications. Part 1: diagnosis and classification of
diabetes mellitus provisional report of a WHO consultation. Diabet Med
1998, 15:539–553.

doi:10.1186/1476-069X-13-74
Cite this article as: Eze et al.: Environmental tobacco smoke exposure
and diabetes in adult never-smokers. Environmental Health 2014 13:74.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study Population
	Definition of DM
	Assignment of individual exposures
	Potential Confounders

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	The SAPALDIA Team
	Author details
	References

