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ABSTRACT
Objective The objective of this study was to evaluate the 
influence of secondhand smoke (SHS) exposure during 
childhood on type 2 diabetes mellitus, hypertension, 
hyperlipidaemia and coronary heart disease among 
Chinese non- smoking women.
Methods In this cross- sectional study, the SHS exposure 
data in childhood were obtained using a questionnaire 
survey. Self- reported childhood SHS exposure was defined 
as the presence of at least one parent who smoked during 
childhood.
Results Of the 6522 eligible participants, 2120 Chinese 
women who had never smoked were assessed. The 
prevalence of SHS exposure in the entire population was 
28.1% (596). SHS exposure during childhood was not 
significant for the standard risk factors of type 2 diabetes 
mellitus (p=0.628) and hypertension (p=0.691). However, 
SHS was positively associated with hyperlipidaemia 
(p=0.037) after adjusting for age, obesity, education 
status, physical activity, alcohol consumption, current 
SHS exposure status, diabetes mellitus and hypertension. 
In addition, childhood SHS increased the occurrence of 
coronary heart disease (p=0.045) among non- smokers 
after further adjusting for hyperlipidaemia.
Conclusion SHS exposure during childhood is associated 
with prevalent hyperlipidaemia and coronary heart disease 
in adulthood among non- smoking Chinese women.

INTRODUCTION
Secondhand smoke (SHS) refers to the 
mixture of gases and particles that emit from 
the burning tip of cigarettes and the smoke 
exhaled by individuals who are active tobacco 
smokers.1 Current findings demonstrate 
that exposure to SHS has been associated 
with various health problems, such as type 
2 diabetes mellitus,2 hypertension,3 non- 
fatty alcohol liver disease,4 stroke,5 cardio-
vascular diseases,6 lung cancer and even 

premature death to non- smokers.7 8 Nowa-
days, childhood SHS exposure has attracted 
an increasing amount of social attention. 
In all age groups, children have less control 
over SHS exposure in their own environment 
and are more susceptible to the hazards of 
SHS.9 10 Parental smoking has been widely 
recognised as a major source of SHS expo-
sure for non- smoking children and is detri-
mental to their physical even mental health.10 
Current studies indicate that childhood SHS 
exposure could exert contemporaneous and 
delayed effects on the respiratory health of 
those exposed.11 12 The Cardiovascular Risk 
in the Young Finns Study reported that expo-
sure to parental smoking during childhood 
was associated with increased subclinical 
cardiovascular or cerebrovascular disease risk 
in adulthood.13 14 Furthermore, it was found 

Strengths and limitations of this study

 ► This is the first study to explore the correlation be-
tween childhood secondhand smoke exposure and 
the occurrence of type 2 diabetes mellitus, hyper-
tension, hyperlipidaemia and coronary heart disease 
in non- smoking women.

 ► All self- reported diagnoses required the participants 
to provide a hospital checklist and proof of disease 
diagnosis to guarantee diagnostic reliability.

 ► The cross- sectional survey employed herein limited 
the ability to make casual inferences.

 ► Specific information on smoking status, such as in-
tensity, amount and duration, was not available in 
the study.

 ► The study was restricted to adult women over 40 
years old, without including women of other ages 
and men.
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that SHS exposure in childhood could increase adult-
hood composite carotid artery intima- media thickness.15

However, limited data are available to systematically 
assess the association between childhood SHS expo-
sure and the onset of metabolic diseases, hypertension 
or coronary heart disease later in life. Therefore, the 
present study aims to evaluate the association between 
SHS exposure during childhood and the occurrence of 
type 2 diabetes, hypertension, hyperlipidaemia and coro-
nary heart disease. This cross- sectional study included a 
large group of Chinese women who were non- smokers 
and who responded to a detailed questionnaire on child-
hood and current exposure to SHS.

METHODS
Study design and population
This cross- sectional study is part of the REACTION Study 
and was conducted from January to April 2012 in Shan-
dong province, China.16 Only women who had been 
living in their current residence for at least 6 months were 
allowed to participate. Thus, 6522 women who were ≥40 
years old were invited and participated in a health exam-
ination. Among the 6522 women, 164 (2.5%) reported 
current smoking and 66 (1.0%) were former smokers. 
In addition, 1602 (24.6%) participants completed the 
questionnaire with a missing smoking status. Further-
more, 1576 (24.2%) women declared childhood expo-
sure status within a mnemonically ambiguous range, and 
994 (15.2%) had other missing status (figure 1). Ulti-
mately, data from 2120 individuals, all of whom were non- 
smokers, were included in this analysis.

Data collection
A validated questionnaire was used to collect informa-
tion on lifestyle, occurrence of some metabolic and heart 

diseases, medical history, medication use, and childhood 
and adulthood SHS exposure status. The participants 
responded to the validated questionnaire including 
detailed information on SHS exposure. Body weight and 
height were measured according to a standard protocol 
and body mass index (BMI). BMI was used as a measure 
of obesity and was calculated as weight in kilograms 
divided by the square of the height in metres. Blood 
pressure (BP) was measured three times consecutively 
(OMRON Model HEM-752 FUZZY, Omron Company, 
Dalian, China) on the left arm after participants had 
sat for at least 5 min, and the average reading was used 
for analysis. After at least 10 hours of overnight fasting, 
venous blood samples were collected between 07:00 and 
09:00 for measurement of fasting blood glucose (FBG), 
total cholesterol (TC), triglycerides (TG), high- density 
lipoprotein cholesterol (HDL- C) and low- density lipopro-
tein cholesterol (LDL- C) for use in an automatic analyser 
(ARCHITECT ci16200 Integrated System, Abbott, USA). 
Postprandial blood glucose was measured after subjects 
had completed a 75 g oral glucose tolerance test (OGTT).

Definitions
Childhood SHS exposure was defined based on ques-
tionnaire responses regarding the presence of smokers 
living in the participant’s family during childhood. This 
was truncated at age 18 years, with exposure after this 
age being included in adulthood exposure. The current 
SHS exposure was defined as exposure to SHS more 
than once per week and for longer than 1 year indoors 
at home or the workplace. Current smoking was defined 
as having smoked 100 cigarettes in one’s lifetime and 
currently smoking cigarettes. Alcohol consumption status 
was defined as alcohol intake more than once per month 
during the past 12 months. Physical activity was assessed 
using the short form of the International Physical Activity 
Questionnaire with additional questions on frequency 
and duration of mild, moderate and vigorous activi-
ties.17 Obesity was defined by the WHO as a BMI of 30.0 
or higher.18 Hypertension was confirmed if participants 
reported a systolic BP of 140 mm Hg or higher, a diastolic 
BP of 90 mm Hg or higher, or being on drug therapy for 
hypertension.19 According to the 1999 WHO criteria, a 
diagnosis of type 2 diabetes mellitus was based on an FBG 
of 7.0 mmol/L (126 mg/dL) or higher and/or a 2- hour 
OGTT plasma glucose of 11.1 mmol/L (200 mg/dL) or 
higher, or the current use of antidiabetic agents.20 Partici-
pants were considered to have prior coronary heart disease 
if they provided a proof from the hospital that could 
prove they were ever diagnosed with myocardial infarc-
tion, acute coronary syndrome or other ischaemic heart 
diseases. Dyslipidaemia was defined as the presence of at 
least one of the following: TG of 2.26 mmol/L or higher, 
TC of 6.22 mmol/L or higher, LDL- C of 4.14 mmol/L or 
higher, or HDL- C less than 1.04 mmol/L.21

All investigators and research staff underwent a week- 
long training session on the use of standardised protocols 

Figure 1 Flow chart for study design showing inclusion of 
participants in analyses. SHS, secondhand smoke.
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and instruments for data collection. Only certified staff 
were allowed to collect data.

Statistical analysis
Statistical analyses were conducted using IBM SPSS V.24 
(IBM Corp) with p<0.05 considered to indicate statis-
tical significance. Analysis of variance (for continuous 
variables) and the Χ2 test (for categorical variables) 
were used to compare baseline characteristics across 
the childhood SHS exposure groups. Binary logistic 
regression analysis was used to address the relationship 
of diseases to SHS exposure categories, while adjusting 
for the risk factors of diseases including age, obesity, 
education status, physical activity, alcohol consumption, 
current SHS exposure status, diabetes mellitus, hyper-
tension and hyperlipidaemia as reported on the back-
ground questionnaire. ORs and 95% CIs were calculated 
by logistic regression analysis. All of the analyses were 
stratified by exposure status and were restricted to never 
active smokers.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Baseline characteristics of the participants and study vari-
ables according to SHS exposure status during childhood 
are summarised in table 1. Of the 2120 study participants, 
596 (28.1%) reported SHS exposure during childhood 
up until age 18 years, while 1524 (71.9%) claimed no SHS 
exposure prior to 18 years of age. As is shown in table 1, 
the mean age of the overall population was 55.52 years 
(±8.98 years) for the exposed participants and 57.23 years 
(±9.43 years) for the non- exposed participants. The preva-
lence of current SHS exposure was higher in the exposed 
group during childhood than in the non- exposed group 
(51.2% vs 32.1%). Additionally, the ratio of drinking was 
higher in the exposed group during childhood than in 
the non- exposed group (15.8% vs 8.3%). Exercise inten-
sity and degree of education seemed to be significantly 
different between the childhood exposure group and the 
no SHS exposure group. However, there seemed to be no 
relationship between the ratio of obesity and the child-
hood SHS exposure status (p>0.05). Among the 2120 
participants, the prevalence of diabetes mellitus, hyper-
tension, hyperlipidaemia and coronary heart disease in 
the childhood SHS exposure group was 15.77%, 31.38%, 
9.9% and 12.42%, respectively.

ORs and 95% CIs for some metabolic diseases and coro-
nary heart diseases, stratified by SHS exposure status, are 

Table 1 Baseline characteristics of the female participants stratified by SHS exposure status

Variables SHS exposure in childhood, N (%) No SHS exposure in childhood, N (%) P value

Number of participants 596 (28.1) 1524 (71.9)

Age, years (mean±SD) 55.52±8.98 57.23±9.43 <0.001

Obesity 68 (11.4) 197 (12.9) 0.342

Current SHS exposure status 305 (51.2) 489 (32.1) <0.001

Alcohol consumption 94 (15.8) 127 (8.3) <0.001

Physical activity <0.001

  Never 128 (21.5) 585 (38.4)

  Mild 377 (63.3) 800 (52.5)

  Moderate 52 (8.7) 74 (4.9)

  Vigorous 39 (6.5) 65 (4.3)

Education status <0.001

  Illiteracy 84 (14.1) 199 (13.1)

  Primary school 100 (16.8) 306 (20.1)

  Junior school 220 (36.9) 638 (41.9)

  Senior school 140 (23.5) 323 (21.2)

  College degree or above 52 (8.7) 58 (3.8)

Diabetes 94 (15.77) 279 (18.31) 0.168

Hypertension 187 (31.38) 547 (35.89) 0.054

Hyperlipidaemia 59 (9.90) 113 (7.41) 0.060

Coronary heart disease 74 (12.42) 169 (11.09) 0.389

P values were obtained from the Χ2 test (for categorical variables) or analysis of variance.
SHS, secondhand smoke.
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shown in table 2. As it is shown, model 1 was adjusted 
for age, obesity, education status, physical activity, alcohol 
consumption and current SHS exposure status. After 
adjusting for these variables, there was no correlation 
between the childhood SHS exposure status and the 
onset of diabetes mellitus (p=0.628). Meanwhile, the SHS 
exposure status during childhood was not associated with 
the onset of hypertension (p=0.691). In model 2, after 
further adjustments for age, obesity, education status, 
physical activity, alcohol consumption, current SHS expo-
sure status, diabetes mellitus and hypertension, SHS expo-
sure during childhood was associated with the occurrence 
of hyperlipidaemia (adjusted OR: 1.47; 95% CI: 1.02 to 
2.11; p=0.037). Furthermore, there was a statistical differ-
ence between childhood SHS exposure and coronary 
heart disease in model 1 after adjusting for age, obesity, 
education status, physical activity, alcohol consumption 
and current SHS exposure status (p=0.026) as shown 
in table 2. At the same time, by adjusting age, obesity, 
education status, physical activity, alcohol consumption, 
current SHS exposure status, diabetes mellitus and hyper-
tension, a significant relationship still exists between 
them (p=0.017). Considering hyperlipidaemia as the risk 
factor for coronary heart diseases,10 model 3 was adjusted 
for age, obesity, education status, physical activity, alcohol 
consumption, current SHS exposure status, diabetes 
mellitus, hypertension and hyperlipidaemia. The SHS 
exposure status during childhood was associated with a 
higher risk of prevalent coronary heart disease (adjusted 
OR: 1.41; 95% CI: 1.01 to 1.98; p=0.045).

DISCUSSION
In this study, it was observed that SHS exposure was asso-
ciated with hyperlipidaemia and coronary heart disease 
in a large, community- based population in China. To our 
knowledge, this is the first clinical study to systematically 
document a significant relationship between childhood 
SHS exposure and the occurrence of hyperlipidaemia 
and coronary heart disease in non- smoking women.

As shown in table 1, there was no statistical differ-
ence between childhood SHS exposure and these four 

diseases by Χ2 test. The average age of people with child-
hood SHS exposure was significantly lower than that of 
people without childhood exposure. The occurrence 
of diabetes mellitus and hypertension is associated with 
age.22 23 Thus, it is hypothesised that the age of the partic-
ipants may have an impact on the results of the Χ2 test, 
and in the case of similar ages, the risk difference of 
diabetes and hypertension between different groups may 
be more significant. Furthermore, the Χ2 test indicated 
no association between hyperlipidaemia, coronary heart 
disease and childhood SHS exposure, which may also be 
confounded by age. Although the mean age of the child-
hood SHS exposure group was lower than that of the 
control group, the exposure group had slightly higher 
rates of hyperlipidaemia and coronary heart disease than 
in the control group. Therefore, it could be inferred that 
after adjustment of age, the risk of diseases in the exposed 
group would be higher than that in the current partici-
pant population.

One unanticipated result was that there was no statis-
tical significance between diabetes mellitus and childhood 
smoking exposure. A prospective analysis suggested that 
SHS exposure in childhood was associated with a higher 
rate of type 2 diabetes.24 In addition, a meta- analysis study 
including seven studies indicated that non- smokers with 
SHS exposure showed a 22% increased prevalence of type 
2 diabetes mellitus compared with those who reported no 
exposure.25 However, Houston et al found that there was 
no correlation between SHS exposure and diabetes inci-
dence among non- smokers.26 The relationship between 
these factors remains unknown and controversial. There-
fore, further research is required to investigate the exact 
correlation and the potential intrinsic mechanism.

As shown above, there was no statistically significant 
correlation observed between childhood exposure and 
the onset of hypertension. A previous study in China 
observed no group differences between SHS exposure at 
one to three times per week and the risk of hypertension. 
However, SHS exposure at higher exposure rates was asso-
ciated with a higher risk of hypertension.27 Another study, 
involving Bulgarian former smokers and non- smokers, 

Table 2 Association between reported childhood SHS exposure and diseases adjusted for some variables

Model 1 Model 2 Model 3

OR1 (95% CI) P value OR2 (95% CI) P value OR3 (95% CI) P value

Diabetes mellitus 0.94 (0.71 to 1.23) 0.628 / / / /

Hypertension 0.96 (0.76 to 1.20) 0.691 / / / /

Hyperlipidaemia 1.41 (0.99 to 2.00) 0.056 1.47 (1.02 to 2.11) 0.037 / /

Coronary heart disease 1.44 (1.05 to 2.00) 0.026 1.50 (1.08 to 2.10) 0.017 1.41 (1.01 to 1.98) 0.045

Model 1: adjusted for age, obesity, education status, physical activity, alcohol consumption and current SHS exposure status.
Model 2: adjusted for age, obesity, education status, physical activity, alcohol consumption, current SHS exposure status, diabetes mellitus 
and hypertension.
Model 3: adjusted for age, obesity, education status, physical activity, alcohol consumption, current SHS exposure status, diabetes mellitus, 
hypertension and hyperlipidaemia.
SHS, secondhand smoke.
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found no significant association between SHS exposure 
and hypertension.28 The mechanism and correlation 
linking SHS exposure to hypertension is not well eluci-
dated and remains controversial,3 which also requires 
further investigation in the future.

An ex vivo study performed in healthy non- smokers 
exposed to SHS indicated that exposure could result in 
lipid peroxidation, LDL- C modification and an accumu-
lation of LDL- C in macrophages.29 A meta- analysis study 
suggested that younger people who get exposed to SHS 
may be more susceptible to lipid metabolic disorder.30 
Another study reported that compared with control 
subjects, apolipoprotein B was lower in SHS- exposed 
children and youth.31 In this investigation, we observed 
that the possibility of hyperlipidaemia in the childhood 
SHS exposure group was 1.47- fold compared with the 
unexposed group (p<0.05) after adjustment for possible 
confounders.

As shown in this study, the possibility of coronary heart 
disease in the childhood SHS exposure group was 1.41- 
fold compared with the unexposed group (p<0.05). A 
previous study found that exposure to SHS significantly 
increased the risk of coronary heart disease.32 The risk 
associated with SHS exposure was large in China while 
the risk was only modest in the USA.33 In addition, a 
previous study indicated that non- smokers exposed to 
SHS had a significantly increased risk of coronary heart 
disease by 22% compared with those without exposure.34 
The biological mechanisms that directly explain the asso-
ciation between childhood SHS exposure and coronary 
heart disease are still controversial and unclear. Although 
childhood exposure and adulthood exposure differ in the 
manner of exposure, the underlying mechanisms linking 
childhood SHS exposure to coronary heart disease may 
be similar to those implicated in SHS exposure. Previous 
studies have shown that the putative mechanisms by 
which SHS exposure is linked to coronary heart disease 
include impaired arterial structure, arterial dysfunction10 
and atherosclerosis formation.6 35 When it comes to child-
hood exposure, a previous study indicated that SHS expo-
sure in children and teenagers had a deleterious effect 
on their cardiovascular health and those outcomes as 
a consequence of SHS exposure may persist into their 
adult life.10 It is hypothesised that this relationship may 
be explained by the fact that childhood exposure could 
activate platelet activation,36 promote thrombus forma-
tion,37 damage arterial endothelial cells and affect lipid 
metabolism,33 all of which promote the progression of 
atherosclerosis, and ultimately result in cardiovascular 
consequences.10

Some countries have implemented comprehensive 
smoke- free public space legislation to protect non- 
smokers from SHS exposure, whereas a large propor-
tion of the world’s population is still confronted with 
SHS exposure, especially in the low- income and middle- 
income countries.38 39 A 2019 national adolescent tobacco 
survey conducted by China’s Center for Disease Control 
and Prevention revealed that SHS exposure in children 

and adolescents declined from 72.9% to 63.2% at home 
and in public places between 2014 and 2019; despite 
the decline, the probability of SHS exposure in children 
is still high.40 In addition, children who have smoking 
parents are significantly more likely to be exposed to SHS 
and are more likely to smoke later in life.41 This phenom-
enon may be related to plenty of inter- related factors, 
including SHS exposure itself, parental modelling or a 
physical tendency to SHS exposure. In the future, the 
control and prevention of SHS exposure deserves more 
attention.

This study was the first to elucidate the correlation 
between childhood SHS exposure and the occurrence of 
type 2 diabetes mellitus, hypertension, hyperlipidaemia 
and coronary heart disease in non- smoking women. An 
important advantage of this present study was the ability to 
determine the association between exposure to SHS and 
the occurrence of diabetes mellitus, hypertension, hyper-
lipidaemia and coronary heart disease. However, several 
limitations should be noted. First of all, SHS exposure 
data were collected using self- reported measures, without 
obtaining biomarker data such as polycyclic aromatic 
hydrocarbon or cotinine levels. Thus, recall and reporting 
biases may exist which can influence the accuracy of the 
outcomes to some extent. Another limitation was a lack 
of specific information on smoking status, such as inten-
sity, amount, and daily or cumulative duration. Hence, 
the influence of extent and amount of SHS exposure on 
the onset of diseases could not be analysed. Besides, there 
were no specific categories and classifications of adult-
hood SHS smoking. People may have current SHS expo-
sure not only at home or work, but also in other public 
or private places. The same people may be exposed at 
several different places, therefore, the amount and type of 
exposure cannot be determined clearly. Thus, we did not 
analyse the association between adulthood exposure and 
diseases, but treated this risk factor as an adjusted factor. 
Another limitation of this analysis was that this study used 
BMI as an evaluation criteria for obesity, without further 
measuring for body composition (ie, body fat percentage) 
and regional fat deposition by means of dual energy 
X- ray absorptiometry. Additionally, participants who were 
ever diagnosed with myocardial infarction, acute coro-
nary syndrome or other ischaemic heart diseases could 
be diagnosed with coronary heart disease. We did not 
count the detailed number of each type of these diseases. 
Therefore, the association between these heart diseases 
and SHS exposure could not be analysed. In addition, the 
results were restricted to adult women over 40 years old, 
without including women of other ages and men. Finally, 
the cross- sectional survey employed herein does not allow 
for conclusions to be drawn concerning a possible causal 
influence of SHS exposure on hypertension and diabetes 
mellitus. Therefore, longitudinal designs are required in 
future investigations.
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CONCLUSIONS
It was demonstrated in this study that childhood SHS 
exposure had a significant influence on hyperlipidaemia 
and coronary heart disease in a female non- smoking 
population, suggesting that SHS exposure in children 
could be an important risk factor for hyperlipidaemia and 
coronary heart disease development in their adult life. 
These findings suggested that SHS exposure in women 
represents an urgent public health event, especially with 
respect to SHS exposure during childhood. Thus, the 
Chinese government should take measures to increase 
awareness of the health dangers on SHS exposure and 
limit SHS exposure by providing tobacco- free environ-
ments and improve compliance with relevant policy.
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