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ABSTRACT

Several studies have shown that active smoking is a risk factor for type 2 diabetes mellitus (T2DM). However,
the effects of passive smoking on T2DM remains unknown. In this study, we investigated the effects of passive
smoking and its duration on the prevalence of prediabetes and T2DM. According to passive smoking status,
participants were divided into Group A (passive smokers) and Group B (controls). Furthermore, Group A was
divided into three subgroups according to the duration of passive smoking: Group Al (<10 years), Group A2
(10-20 years), and Group A3 (>20 years). We found that the prevalence of impaired glucose tolerance (IGT) in
Group A (26.6%), Group A2 (28%), and Group A3 (37.8%) was significantly higher than that in Group B (19.6%),
and the prevalence gradually increased with an increase in the duration of passive smoking. Multiple logistic
regression analysis showed that passive smoking for >10 years was a risk factor for impaired fasting glucose
(IFG), IGT, and T2DM. Therefore, passive smoking not only increases the prevalence of IGT in a time-dependent
manner, but also a risk factor for IFG, IGT, and T2DM when its duration is over 10 years.

INTRODUCTION

The global diabetes atlas released by the International
Diabetes Federation shows that the number of adult
diabetes patients in 2019 was 463 million, excluding
232 million undiagnosed cases, one fifth of them are
over 65 years old. In addition, the number of
prediabetes patients was approximately 374 million.
According to the current growth trend, approximately
700 million people will have diabetes by 2045 [1]. A
pooled analysis based on 751 studies revealed that the
age-standardized global prevalence of adult diabetes
from 1980 to 2014 increased from 4.3% to 9.0% in men
and 5.0% to 7.9% in women [2]. In the same period, the
prevalence rates of T2DM and prediabetes in China
were 10.4% and 35.7%, respectively [3]. Therefore,

there is an urgent need for identifying risk factors that
contribute to the development of prediabetes and
T2DM. In particular, definite and reversible factors
must be identified to help reduce the development of
T2DM and its complications worldwide.

Smoking is a known risk factor for several chronic
diseases (such as chronic obstructive pulmonary
disease, lung cancer, ischemic heart disease, and stroke)
[4-6]. Although smoking can be avoided, it contributes
to the global economic burden of diseases. Moreover,
the daily smoking rate has significantly reduced
worldwide; however, the crude number of smokers is
still increasing with an increase in the population [7].
As a result, the number of passive smokers is also
increasing.
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Many studies have confirmed that smoking can affect
carbohydrate and lipid metabolism and increase the
prevalence of T2DM [8, 9]. The number of intensive
studies investigating various potential pathogenic factors
and studies related to passive smoking as an
environmental pathogenic factor of T2DM are
increasing. A meta-analysis including seven prospective
studies with a total of 162001 research subjects showed
that passive smoking is a risk factor for T2DM [10]. To
some extent, these results prove that both active and
passive smoking have similar effects on the prevalence
of T2DM. However, the effects of passive smoking on
the prevalence of impaired fasting glucose (IFG) and
impaired glucose tolerance (IGT) are unclear. Moreover,
the effect of the duration of passive smoking on
carbohydrate and lipid metabolism and the prevalence of
IFG, IGT, and T2DM is unknown. Thus, we investigated
these relationships in this study.

RESULTS

Table 1 shows basic information such as age, body mass
index (BMI), carbohydrate and lipid metabolism indexes
of all participants and their comparisons between any
two groups. There were no differences in age, BMI, and
high-density lipoprotein (HDL) between the groups.
There was no difference in any variable between Group
Al and Group B. However, low-density lipoprotein
(LDL), total cholesterol (TC), triglyceride (TG), fasting
plasma glucose (FPG), 2-hour postprandial glucose
(2hPG), and glycated hemoglobin Alc (HbAlc) levels
were significantly higher in Group A2 and Group A3
than in Group B (P<0.05). Moreover, LDL, TC, TG,
FPG, 2hPG, and HbAlc levels were significantly higher
in Group A2 and Group A3 than in Group Al (P<0.05).
There was no difference in any variables between Group
A2 and Group A3. This suggested that passive smoking
for >10 years aggravates carbohydrate and lipid
metabolism.

Table 2 shows the prevalence of IFG, IGT, and T2DM
in each group and the comparisons between passive
smoking groups and Group B. The prevalence of IGT
was significantly higher in Group A (26.6%), Group
A2 (28%), and Group A3 (37.8%) than in Group B
(19.6%) (P<0.05). Moreover, the prevalence of IGT
gradually increased in Group Al (20.2%), Group A2
(28%), and Group A3 (37.8%). There were no
differences in the prevalence of IFG and T2DM
between the groups. Therefore, passive smoking
increases the prevalence of IGT in a time-dependent
manner, while no similar relationship was observed in
IFG and T2DM.

Table 3 shows the results of multivariate logistic
regression analyses. After adjusting for possible

confounding factors, we found that when the duration of
passive smoking is <10 years, it does not affect the
prevalence of IFG, IGT, and T2DM. However, when
the duration of passive smoking is >10 years, it is a risk
factor for IFG (odds ratio [95% confidence interval]:
Group Al: 1.07 [0.60-1.89], Group A2: 1.94 [1.04-
3.61], and Group A3: 1.97 [1.02-3.82]), IGT (Group
Al: 1.02 [0.83-1.26], Group A2: 1.74 [1.36-2.23], and
Group A3: 2.78 [2.18-3.53]), and T2DM (Group Al:
0.86 (0.65-1.14), Group A2: 1.51 [1.09-2.08], and
Group A3: 1.64 [1.17-2.30]). Moreover, an increase in
the duration of passive smoking increased its effect on
IFG, IGT, and T2DM, and the difference was
significant when the duration was >10 years (P<0.05).

DISCUSSION

The development of health science has improved our
understanding of factors that lead to disease.
Researchers have studied the toxic effects of passive
smoking as early as 1964 [11]. Similar to active
smoking, passive smoking mostly affects the respiratory
system. Therefore, researchers have focused mainly on
the effects of passive smoking on respiratory diseases
such as bronchitis, cancer, asthma, and early childhood
pneumonia [12-14]. In 1978, Aronow WS et al.
suggested that passive smoking can promote angina
[15]. Since then, researchers have focused on the effect
of passive smoking on other conditions and diseases
such as platelet function, cognition, atherosclerosis, and
rheumatoid arthritis [16—19].

In 1991, Feldman J et al. reported that passive smoking
can affect lipid metabolism in adolescents [20].
Subsequently, several studies related to endocrine and
metabolic diseases were reported [8, 21]. However, the
results from studies on the effects of passive smoking
on the prevalence of prediabetes and T2DM have been
inconsistent. Some studies suggest that passive smoking
can worsen carbohydrate and lipid metabolism disorders
and promote the occurrence of T2DM [22-24], whereas
other studies found that passive smoking had no effect
on carbohydrate and lipid metabolism [8, 24]. However,
so far, there has been no study on the relationship
between the duration of passive smoking and the
prevalence of prediabetes and T2DM. Therefore, further
research is needed to explore the relationship among
passive smoking, duration of passive smoking, and
prevalence of prediabetes and T2DM.

Our results showed that passive smoking increases the
prevalence of IGT in a time-dependent manner, while
no similar relationship was observed in IFG and T2DM.
When the duration of passive smoking is <10 years,
there is no effect on carbohydrate and lipid metabolism
and the prevalence of prediabetes and T2DM. However,
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Table 1. Basic information for all participants and comparison between groups.

All Group B Group Al Group A2 Group A3
N 3361 1326 1005 525 505
Age (years) 53.33+8.06 53.00+8.08 53.46+7.88 53.59+8.10 53.68+8.32
BMI kg/m? 23.61+3.36 23.54+3.20 23.51+3.40 23.70£3.24 23.91+3.78
HDL mmol/l 1.36+0.31 1.35+0.31 1.36+0.30 1.39+0.31 1.37+0.32
LDL mmol/l 2.81+0.79 2.74+0.80 2.7510.74 2.99+0.80™ 2.94+0.79"
TC mmol/l 4.87+1.00 4.74+1.01 4.77+0.94 5.15+0.98™ 5.09+1.00™
TG mmol/l 1.45+1.04 1.40+0.94 1.38+1.08 1.61+1.18™ 1.57+1.02"%
FPG mmol/l 5.47+1.14 5.35+£0.93 5.43£1.20 5.62+1.19™ 5.71+1.40™
2hPG mmol/l 7.62+£2.92 7.38+£2.79 7.3912.68 8.07+£3.17™ 8.23+3.31™
HbAlc % 5.84+0.77 5.76+0.60 5.77+0.79 6.01+0.93™ 6.01+0.85™

Abbreviation: N: Number; BMI: body mass index; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein
cholesterol; TC: total cholesterol; TG: triglyceride; FPG: fasting blood glucose; 2hPG: 2-hour postprandial glucose; HbAlc:
glycated hemoglobin; All: All participants.

Data presented as mean + SD.

*: Comparison between Group A1, Group A2, Group A3, and Group B (P<0.05).

#: Comparison between Group A2, Group A3, and Group A1 (P<0.05).

Table 2. Prevalence of prediabetes and type 2 diabetes mellitus in each group.

Diagnosis (Cls\lr:olu3p268) (Cla\lr:ozuop%A) P value ?,\';glljgoAs)l P1value G(Ir\lozugzgz P2 value G(;;IO:uSpO,SASS Psvalue
IFG 27 (2%) 53(2.6%) 0158 22(22%) 0.799 17 (3.2%) 0.126 14 (2.8%) 0.341
IGT 260 (19.6%) 541 (26.6%) <0.001 203 (20.2%) 0.723 147 (28%) <0.001 191 (37.8%)  <0.001
T2DM 143 (10.8%) 229 (11.3%) 0.582  95(9.5%) 0.293 70(13.3%) 0.121 64 (12.7%) 0.254

Abbreviation: IFG: impaired fasting blood glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes mellitus; N:
number.

P: Comparison between Group A and group B.

P1: Comparison between Group Al and group B.

P,: Comparison between Group A2 and group B.

P3: Comparison between Group A3 and group B.

Table 3. Odds ratios and adjusted odds ratios for the prevalence of IFG, IGT, and T2DM in each group calculated
using multivariate logistic regression analyses.

Adjusted OR (95% CI)

Diagnosis Groups N/Total OR (95% CI) Model 1 Model 2

IFG Group B 2711326 1 1 1
Group A 53/2035 1.45(0.91-2.33) 1.45(0.91-2.33) 1.45(0.91-2.33)
Group Al 22/1005 1.07(0.60-1.89) 1.06(0.60-1.89) 1.07(0.60-1.89)
Group A2 17/525 1.94(1.04-3.61)* 1.94(1.04-3.61)* 1.94(1.04-3.61)*
Group A3 15/505 1.97(1.02-3.81)* 1.97(1.02-3.81)* 1.97(1.02-3.82)*

IGT Group B 260/1326 1 1 1
Group A 541/2035 1.54(1.30-1.83)*** 1.54(1.30-1.83)*** 1.13(1.10-1.16)***
Group Al 203/1005 1.02(0.83-1.26) 1.02(0.83-1.26) 1.02(0.83-1.26)
Group A2 147/525 1.74(1.37-2.22)*** 1.74(1.37-2.22)*** 1.74(1.36-2.23)***
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Group A3 191/505
T2DM Group B 143/1326
Group A 229/2035
Group Al 95/1005
Group A2 70/525
Group A3 64/505

2.78(2.20-3.53)***

1

1.19(0.94-1.48)
0.87(0.66-1.15)
1.51(1.10-2.07)*
1.70(1.22-2.36)*

2.79(2.21-3.54)*** 2.78(2.18-3.53)***
1 1
1.19(0.95-1.49) 1.17(0.93-1.47)
0.87(0.66-1.15) 0.86(0.65-1.14)
1.51(1.10-2.07)* 1.51(1.09-2.08)*
1.70(1.23-2.36)** 1.64(1.17-2.30)**

Abbreviation: IFG: impaired fasting blood glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes mellitus; OR: Odds

Ratio; Cl: Confidence Interval; N: number.
Model 1: Adjusted for the age;

Model 2: Adjusted for the age and BMI.
*: P<0.05;

**: P<0.01;

**%*.P<0.001.

when the duration of passive smoking exceeds 10 years,
it may aggravate carbohydrate and lipid metabolism
disorders, and is a risk factor for IFG, IGT, and T2DM,
moreover, there was a time-dependent relationship
between the duration of passive smoking and its effect
on IFG, IGT, and T2DM. These results are consistent
with those of previous studies [25, 26], although
previous studies did not explore the effect of passive
smoking duration [10, 26-28].

Nicotine and tar are the two main ingredients in
tobacco that cause maximum damage to the human
body, and these could be the harmful components of
passive smoke. In addition, the health effects of
passive smoke are related to ventilation, temperature,
humidity, depth of breathing, and distance from the
smoker. After a temperature drop and precipitation,
some substances in the environment will agglutinate
and damage the human body differently compared to
active smoking [29, 30].

Regarding the mechanism by which passive smoking
promotes carbohydrate and lipid metabolism disorders
and increases the prevalence of IGT and T2DM, some
studies have suggested that nicotine affects the function
of islet cells and insulin [31-33]. Nicotine can activate
AMP-activated protein kinase o2 in adipocytes to
increase lipolysis of adipose tissue. Ultimately, nicotine
promotes the degradation of the insulin receptor
substrate-1 (IRS-1) and the loss of insulin-mediated
lipolysis inhibition [34, 35]. Basic research suggested
that IRS-1 serine phosphorylation was linked to insulin
resistance [35]. Bergman et al. found that the increased
phosphorylation of Ser636 in the serum of smokers and
the activation mammalian target of rapamycin and
mitogen-activated protein kinase signaling promote
insulin resistance [36]. Moreover, smoking can cause
endogenous stress responses leading to an increase in

glycemic hormones (such as cortisol, catecholamines,
and growth hormone) [37]. Through these mechanisms,
smoking perturbs the carbohydrate and lipid metabolism
and promotes the development of an abnormal glucose
metabolism.

This is the first study to investigate the effects of the
duration of passive smoking on the prevalence of
prediabetes and T2DM. In addition, we reviewed the
existing literature. However, this study had many
limitations. First, because this was a cross-sectional
study, it can explain the correlation between passive
smoking and the prevalence of prediabetes and T2DM
but not causality. Second, the study participants were all
women; thus, the results do not represent the overall
population. Third, the definition of passive smoking was
based on the results of the questionnaire without
quantitative indicators. Fourth, it is difficult to accurately
evaluate ventilation, temperature, humidity, depth of
breathing, and distance between passive smokers and
smokers. These issues may partially affect the results.

CONCLUSIONS

Passive smoking increases the prevalence of IGT in a
time-dependent manner, however, when the duration of
passive smoking exceeds 10 years, it may aggravate
carbohydrate and lipid metabolism disorders, and is a risk
factor for IFG, IGT, and T2DM, moreover, there was a
time-dependent relationship between the duration of
passive smoking and its effect on IFG, IGT, and T2DM.

MATERIALS AND METHODS
Participants

This cross-sectional study included 3361 non-smoking
women (age 25-75 years, mean age: 53.33 + 8.06
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years). They were selected using a stratified random
sampling method between May 2017 and February
2019 from 10 urban and rural areas in the Jiangxi
Province.

Definitions

Data regarding passive smoking (such as duration
and frequency) were collected using self-reported
questionnaires. Participants were placed in the passive
smoking group (Group A) if they were exposed to
cigarette smoke for >15 minutes/day, >3 days/week, and
>1 year. Otherwise, participants were included in the
control group (Group B). Furthermore, according to the
duration of passive smoking, Group A was divided into
Group Al (<10 years), Group A2 (10-20 years), and
Group A3 (>20 years). The definitions of prediabetes
and T2DM are based on the diagnostic and
classification criteria reported by the 1999 World
Health Organization Expert Committee on Diabetes
[38]. The definition of T2DM was diabetic symptoms
and a random blood glucose >11.1 mmol/l or fasting
(no calorie intake for >8 hours) blood glucose >7.0
mmol/l and oral glucose tolerance test (OGTT) at 2-
hour postprandial glucose (2hPG) >11.1 mmol/l. The
definition of IGT was fasting plasma glucose (FPG) <7
mmol/l and OGTT at 2hPG >7.8 mmol/l but <I11.1
mmol/l. The definition of IFG was FPG >6.1 mmol/l
but <7.0 mmol/l and OGTT at 2hPG <7.8 mmol/l.
Normal blood glucose was defined as FPG <6.1 mmol/Il
and OGTT at 2hPG <7.8 mmol/l. T2DM patients in
this study were considered to belong to one of the
following scenarios: 1) diagnosed as T2DM or requiring
hypoglycemic drugs or insulin or 2) undiagnosed but
with FPG or 2hPG levels that surpassed the ranges of
the T2DM diagnostic criteria.

Anthropometric and carbohydrate and lipid
metabolism indexes

The researchers involved in this study were
professionally trained. The measurements of height and
weight were recorded when the participants were
wearing light clothing without hats or shoes. The
measurement tools were calibrated, and the average of
three measurements was considered as the final result.
BMI was calculated using the height and weight
(kg/m?). The carbohydrate and lipid metabolism indexes
included HDL, LDL, TC, TG, FPG, 2hPG, and HbAlc.
Participants with T2DM and those without T2DM were
administered 100 g of steamed bread and 75 g of
anhydrous glucose powder, respectively, before the 2-h
postprandial blood test for measuring 2hPG.

All data, including age, BMI, HDL, LDL, TC, TG,
FPG, 2hPG, and HbAlc, were collected and sorted

using Excel (Microsoft Office 2019) and imported into
SPSS wversion 23.0 (International Business Machines
Corporation). Data (presented as mean + SD) between
two groups were compared using the Student-Newman-
Keuls method of analysis of variance. Cochran’s and
Mantel-Haenszel statistics were used to compare the
prevalence of IFG, IGT, and T2DM between passive
smoking groups and control group. Multivariate logistic
regression analyses were used to control confounding
factors.

Abbreviations

T2DM: type 2 diabetes mellitus; IGT: impaired glucose
tolerance; IFG: impaired fasting glucose; BMI: body
mass index; HDL: high-density lipoprotein; LDL: low-
density lipoprotein; TC: total cholesterol;, TG:
triglyceride; FPG: fasting plasma glucose; 2hPG: 2-hour
postprandial glucose; HbAlc: glycated hemoglobin Alc;
IRS-1: insulin receptor substrate-1; OGTT: oral glucose
tolerance test.

AUTHOR CONTRIBUTIONS

Jian-Ping Liu designed the study. Jian-Ping Liu, Xiao-
Jun Zhou, Juan Wu, Gui Pan, Yan-Ting Huang and
Deng-Ke Liu conducted the study, Juan Wu analyzed
the results, and wrote the article. Jian-Ping Liu and
Xiao-Jun Zhou helped with the analyses of the results
and revised the tables. Hai-Xia Zeng conducted some of
the study. Jian-Ping Liu and Xiao-Yang Lai helped
revise the manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

FUNDING

This work was supported by the Second Affiliated
Hospital of Nanchang University, funded by National
Natural Science Foundation of China (No. 81560554)
and Natural Science Foundation of Jiangxi Province
(No. 20144BAB2050007).

REFERENCES

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga
S, Unwin N, Colagiuri S, Guariguata L, Motala AA,
Ogurtsova K, Shaw JE, Bright D, Williams R; IDF
Diabetes Atlas Committee. Global and regional
diabetes prevalence estimates for 2019 and
projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas, 9(th)
edition. Diabetes Res Clin Pract. 2019; 157:107843.

WWW.aging-us.com 9444

AGING



https://doi.org/10.1016/j.diabres.2019.107843
PMID:31518657

NCD Risk Factor Collaboration (NCD-RisC). Worldwide
trends in diabetes since 1980: A pooled analysis of 751
population-based studies with 4.4 million participants.
Lancet. 2016; 387:1513-30.
https://doi.org/10.1016/S0140-6736(16)00618-8
PMID:27061677

Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, Li
Y, Zhao Z, Qin X, Jin D, Zhou M, Tang X, Hu Y, Wang L.
Prevalence and ethnic pattern of diabetes and
prediabetes in China in 2013. JAMA. 2017; 317:2515-23.
https://doi.org/10.1001/jama.2017.7596
PMID:28655017

Head S. Smoking cessation is better than drugs for mild
COPD. BMJ. 2019; 365:12152.
https://doi.org/10.1136/bmj.l2152

PMID:31088781

Cheng TD, Darke AK, Redman MW, Zirpoli GR, Davis W,
Payne Ondracek R, Bshara W, Omilian AR, Kratzke R,
Reid ME, Molina JR, Kolesar JM, Chen Y, et al. Smoking,
sex, and non-small cell lung cancer: steroid hormone
receptors in tumor tissue (5S0424). J Natl Cancer Inst.
2018; 110:734-42.
https://doi.org/10.1093/jnci/djx260

PMID:29346580

Feodoroff M, Harjutsalo V, Forsblom C, Groop PH, and
FinnDiane Study Group. Dose-dependent effect of
smoking on risk of coronary heart disease, heart failure
and stroke in individuals with type 1 diabetes.
Diabetologia. 2018; 61:2580-89.
https://doi.org/10.1007/s00125-018-4725-9
PMID:30229273

Ng M, Freeman MK, Fleming TD, Robinson M, Dwyer-
Lindgren L, Thomson B, Wollum A, Sanman E, Wulf S,
Lopez AD, Murray CJ, Gakidou E. Smoking prevalence
and cigarette consumption in 187 countries, 1980-
2012. JAMA. 2014; 311:183-92.
https://doi.org/10.1001/jama.2013.284692
PMID:24399557

Cuschieri S, Vassallo J, Calleja N, Mamo J. Relationship
of past, present, and passive smoking with
sociodemographic, anthropometric, biochemical, and
dysglycemic profiles. J Diabetes. 2019; 11:87-89.
https://doi.org/10.1111/1753-0407.12844
PMID:30144285

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;
298:2654-64.
https://doi.org/10.1001/jama.298.22.2654
PMID:18073361

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

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.
https://doi.org/10.1016/].diabres.2014.09.019
PMID:25488377

Galuskinova V. 3,4-benzpyrene determination in the
smoky atmosphere of social meeting rooms and
restaurants. A contribution to the problem of the
noxiousness of so-called passive smoking. Neoplasma.
1964; 11:465-68.
PMID:14220336

Colley JR, Holland WW, Corkhill RT. Influence of passive
smoking and parental phlegm on pneumonia and
bronchitis in early childhood. Lancet. 1974; 2:1031-34.
https://doi.org/10.1016/s0140-6736(74)92148-5
PMID:4138891

Trichopoulos D, Kalandidi A, Sparros L, MacMahon B.
Lung cancer and passive smoking. Int J Cancer. 1981;
27:1-4.

https://doi.org/10.1002/ijc.2910270102
PMID:7251227

Dahms TE, Bolin JF, Slavin RG. Passive smoking. Effects
on bronchial asthma. Chest. 1981; 80:530-34.
https://doi.org/10.1378/chest.80.5.530 PMID:7297141

Aronow WS. Effect of passive smoking on angina
pectoris. N Engl J Med. 1978; 299:21-24.
https://doi.org/10.1056/NEJM197807062990105
PMID:661846

Sinzinger H, Kefalides A. Passive smoking severely
decreases platelet sensitivity to antiaggregatory
prostaglandins. Lancet. 1982; 2:392-93.
https://doi.org/10.1016/s0140-6736(82)90588-8
PMID:6124797

Oborne DJ. Cognitive effects of passive smoking.
Ergonomics. 1983; 26:1163-71.
https://doi.org/10.1080/00140138308963452
PMID:6667672

Zhu BQ, Sun YP, Sievers RE, Isenberg WM, Glantz SA,
Parmley WW. Passive smoking increases experimental
atherosclerosis in cholesterol-fed rabbits. J Am Coll
Cardiol. 1993; 21:225-32.
https://doi.org/10.1016/0735-1097(93)90741-i
PMID:8417066

Hedstrom AK, Klareskog L, Alfredsson L. Exposure to
passive smoking and rheumatoid arthritis risk: results
from the swedish EIRA study. Ann Rheum Dis. 2018;
77:970-72.
https://doi.org/10.1136/annrheumdis-2018-212973
PMID:29724731

Feldman J, Shenker IR, Etzel RA, Spierto FW, Lilienfield
DE, Nussbaum M, Jacobson MS. Passive smoking

WWW.aging-us.com

9445

AGING


https://doi.org/10.1016/j.diabres.2019.107843
https://www.ncbi.nlm.nih.gov/pubmed/31518657
https://doi.org/10.1016/S0140-6736(16)00618-8
https://pubmed.ncbi.nlm.nih.gov/27061677
https://doi.org/10.1001/jama.2017.7596
https://pubmed.ncbi.nlm.nih.gov/28655017
https://doi.org/10.1136/bmj.l2152
https://pubmed.ncbi.nlm.nih.gov/31088781
https://doi.org/10.1093/jnci/djx260
https://pubmed.ncbi.nlm.nih.gov/29346580
https://doi.org/10.1007/s00125-018-4725-9
https://pubmed.ncbi.nlm.nih.gov/30229273
https://doi.org/10.1001/jama.2013.284692
https://pubmed.ncbi.nlm.nih.gov/24399557
https://doi.org/10.1111/1753-0407.12844
https://pubmed.ncbi.nlm.nih.gov/30144285
https://doi.org/10.1001/jama.298.22.2654
https://pubmed.ncbi.nlm.nih.gov/18073361
https://doi.org/10.1016/j.diabres.2014.09.019
https://pubmed.ncbi.nlm.nih.gov/25488377
https://pubmed.ncbi.nlm.nih.gov/14220336
https://doi.org/10.1016/s0140-6736(74)92148-5
https://pubmed.ncbi.nlm.nih.gov/4138891
https://doi.org/10.1002/ijc.2910270102
https://pubmed.ncbi.nlm.nih.gov/7251227
https://doi.org/10.1378/chest.80.5.530
https://pubmed.ncbi.nlm.nih.gov/7297141
https://doi.org/10.1056/NEJM197807062990105
https://pubmed.ncbi.nlm.nih.gov/661846
https://doi.org/10.1016/s0140-6736(82)90588-8
https://pubmed.ncbi.nlm.nih.gov/6124797
https://doi.org/10.1080/00140138308963452
https://pubmed.ncbi.nlm.nih.gov/6667672
https://doi.org/10.1016/0735-1097(93)90741-i
https://pubmed.ncbi.nlm.nih.gov/8417066
https://doi.org/10.1136/annrheumdis-2018-212973
https://pubmed.ncbi.nlm.nih.gov/29724731

21.

22.

23.

24,

25.

26.

27.

28.

29.

alters lipid profiles in adolescents. Pediatrics. 1991;
88:259-64.
PMID:1861923

Kang J, Kong E, Choi J. Associations of urinary cotinine-
verified active and passive smoking with thyroid
function: analysis of population-based nationally
representative data. Thyroid. 2018; 28:583-92.
https://doi.org/10.1089/thy.2017.0567
PMID:29592779

Bucheli JR, Manshad A, Ehrhart MD, Camacho J, Burge
MR. Association of passive and active smoking with
pre-diabetes risk in a predominantly hispanic
population. J Investig Med. 2017; 65:328-32.
https://doi.org/10.1136/jim-2016-000246
PMID:27756803

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; 34:892-97.

https://doi.org/10.2337/dc10-2087 PMID:21355099

Kim JH, Noh J, Choi JW, Park EC. Association of
education and smoking status on risk of diabetes
mellitus: a population-based nationwide cross-
sectional study. Int J Environ Res Public Health. 2017;
14:655.

https://doi.org/10.3390/ijerph14060655
PMID:28629199

Loeken MR. Passive smoking as an independent risk
factor for gestational diabetes that synergizes with
prepregnancy obesity in urban Chinese women.
Diabetes Metab Res Rev. 2017; 33:
10.1002/dmrr.2910.
https://doi.org/10.1002/dmrr.2910 PMID:28580761

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.
https://doi.org/10.1177/1010539514531041
PMID:24824522

Banegas JR. Lack of association between passive
smoking and blood pressure, lipids, and fasting
glucose. J Hypertens. 2017; 35:1952-54.
https://doi.org/10.1097/HJH.0000000000001467
PMID:28858196

Health effects of exposure to environmental tobacco
smoke. California environmental protection agency.
Tob Control. 1997; 6:346-53.
https://doi.org/10.1136/tc.6.4.346

PMID:9583639

Chan-Yeung M, Dimich-Ward H. Respiratory health
effects of exposure to environmental tobacco smoke.
Respirology. 2003; 8:131-39.
https://doi.org/10.1046/j.1440-1843.2003.00453.x

30.

31

32.

33.

34.

35.

36.

37.

38.

PMID:12753526

Xie XT, Liu Q, Wu J, Wakui M. Impact of cigarette
smoking in type 2 diabetes development. Acta
Pharmacol Sin. 2009; 30:784-87.
https://doi.org/10.1038/aps.2009.49

PMID:19434055

Stagner JI, Samols E. Modulation of insulin secretion by
pancreatic ganglionic nicotinic receptors. Diabetes.
1986; 35:849-54.
https://doi.org/10.2337/diab.35.8.849

PMID:2874091

Yoshikawa H, Hellstrom-Lindahl E, Grill V. Evidence for
functional nicotinic receptors on pancreatic beta cells.
Metabolism. 2005; 54:247-54.
https://doi.org/10.1016/j.metabol.2004.08.020
PMID:15690320

Sztalryd C, Hamilton J, Horwitz BA, Johnson P, Kraemer
FB. Alterations of lipolysis and lipoprotein lipase in
chronically nicotine-treated rats. Am J Physiol. 1996;
270:E215-23.
https://doi.org/10.1152/ajpendo.1996.270.2.E215
PMID:8779941

Wu'Y, Song P, Zhang W, Liu J, Dai X, Liu Z, Lu Q, Ouyang
C, Xie Z, Zhao Z, Zhuo X, Viollet B, Foretz M, et al.
Activation of AMPKa2 in adipocytes is essential for
nicotine-induced insulin resistance in vivo. Nat Med.
2015; 21:373-82.

https://doi.org/10.1038/nm.3826

PMID:25799226

Langlais P, Yi Z, Finlayson J, Luo M, Mapes R, De Filippis
E, Meyer C, Plummer E, Tongchinsub P, Mattern M,
Mandarino LJ. Global IRS-1 phosphorylation analysis in
insulin resistance. Diabetologia. 2011; 54:2878-89.
https://doi.org/10.1007/s00125-011-2271-9
PMID:21850561

Bergman BC, Perreault L, Hunerdosse DM, Koehler MC,
Samek AM, Eckel RH. Intramuscular lipid metabolism in
the insulin resistance of smoking. Diabetes. 2009;
58:2220-27.

https://doi.org/10.2337/db09-0481

PMID:19581421

Tweed JO, Hsia SH, Lutfy K, Friedman TC. The
endocrine effects of nicotine and cigarette smoke.
Trends Endocrinol Metab. 2012; 23:334-42.
https://doi.org/10.1016/j.tem.2012.03.006
PMID:22561025

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; 7:539-53. PMID:9686693

WWW.aging-us.com

9446

AGING


https://pubmed.ncbi.nlm.nih.gov/1861923
https://doi.org/10.1089/thy.2017.0567
https://pubmed.ncbi.nlm.nih.gov/29592779
https://doi.org/10.1136/jim-2016-000246
https://pubmed.ncbi.nlm.nih.gov/27756803
https://doi.org/10.2337/dc10-2087
https://pubmed.ncbi.nlm.nih.gov/21355099
https://doi.org/10.3390/ijerph14060655
https://pubmed.ncbi.nlm.nih.gov/28629199
https://doi.org/10.1002/dmrr.2910
https://pubmed.ncbi.nlm.nih.gov/28580761
https://doi.org/10.1177/1010539514531041
https://pubmed.ncbi.nlm.nih.gov/24824522
https://doi.org/10.1097/HJH.0000000000001467
https://pubmed.ncbi.nlm.nih.gov/28858196
https://doi.org/10.1136/tc.6.4.346
https://pubmed.ncbi.nlm.nih.gov/9583639
https://doi.org/10.1046/j.1440-1843.2003.00453.x
https://pubmed.ncbi.nlm.nih.gov/12753526
https://doi.org/10.1038/aps.2009.49
https://pubmed.ncbi.nlm.nih.gov/19434055
https://doi.org/10.2337/diab.35.8.849
https://pubmed.ncbi.nlm.nih.gov/2874091
https://doi.org/10.1016/j.metabol.2004.08.020
https://pubmed.ncbi.nlm.nih.gov/15690320
https://doi.org/10.1152/ajpendo.1996.270.2.E215
https://pubmed.ncbi.nlm.nih.gov/8779941
https://doi.org/10.1038/nm.3826
https://pubmed.ncbi.nlm.nih.gov/25799226
https://doi.org/10.1007/s00125-011-2271-9
https://pubmed.ncbi.nlm.nih.gov/21850561
https://doi.org/10.2337/db09-0481
https://pubmed.ncbi.nlm.nih.gov/19581421
https://doi.org/10.1016/j.tem.2012.03.006
https://pubmed.ncbi.nlm.nih.gov/22561025
https://www.ncbi.nlm.nih.gov/pubmed/9686693

