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Abstract: Global tobacco policies lowered overall and male smoking rates, but female smoking rates
have remained unchanged. Parent–child studies revealed the effects of parental smoking, but gender
differences had mixed results. We investigated the effects of long-term smoking behavior in families
over three generations in order to clarify gender differences. A cross-sectional study in a community-
based genome cohort was conducted using a self-reported questionnaire. A total of 8652 respondents
were stratified by gender regarding smoking initiation. A logistic regression analysis was performed
to analyze the family smoking history. A total of 2987 current smokers and ever-smokers were
compared regarding smoking cessation. With respect to smoking initiation, women were affected by
their smoking mothers (odds ratio (OR), 2.4; 95% confidence interval (CI), 1.8–3.2) and grandmothers
(OR, 1.7; CI, 1.1–2.4). Women who continued smoking were affected only by their smoking mothers
(OR, 1.6; CI, 1.05–2.49). In conclusion, gender differences in smoking initiation and cessation are
possibly associated with family smoking history. Mothers and grandmothers were shown to have a
strong influence on women with respect to both smoking initiation and cessation. Future research
should focus on providing evidence for effective gender-specific intervention programs to curb
long-term smoking in women.

Keywords: smoking cessation; smoking initiation; gender difference; vulnerable population;
family history; intergenerational relations; logistic regression analysis; cross-sectional study; WHO;
FCTC; MPOWER

1. Introduction

In the last 50 years, evidence-based tobacco control policies have contributed to the
worldwide decrease in the prevalence of cigarette smoking among adults [1]. Trends
in many countries over the past 25 years have shown that smoking rates for men have
dropped significantly more than those for women [2]. The largest imbalance has been
found in the southeast Asia and western Pacific regions [3]. Japan, which is located in
the aforementioned regions, has ratified the WHO Framework Convention on Tobacco
Control (WHO FCTC). In 2008, WHO introduced the “MPOWER” measures to assist in the
country-level implementation of effective interventions to reduce the demand for tobacco,
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contained in the WHO FCTC: monitor tobacco use and prevention policies (M); protect
people from exposure to second-hand tobacco smoke (P); offer help to quit tobacco use (O);
warn about the dangers of tobacco (W); enforce bans on tobacco advertising, promotion,
and sponsorship (E); raise taxes on tobacco (R). In an attempt to further lower smoking
rates, smoking cessation medication began being covered by health insurance policies in
2006, and tobacco tax increases and restrictions on smoking areas started being promoted.
However, MPOWER measures have been found to be insufficient [4]. Both the smoking
rate (29.4% of men and 7.2% of women smoked daily in 2019) [5] and the decline in
smoking rate show significant gender differences. In order to reduce the smoking rate,
smoking cessation policies and the prevention of smoking initiation are both important
factors. Regarding gender differences in smoking cessation, women are more likely to
have difficulty maintaining long-term abstinence from smoking than men including those
with even moderate addiction [6], those between the ages of 30 and 55 (approximately) [6],
those with some smoking cessation therapy [7,8], and those who consume alcohol [9].
Some arguments have been put forward stating that the gender differences observed in
clinical trials [10] cannot be translated into real-world settings [11], but a recent study
on the utilization of National Tobacco Cessation Services among female smokers also
suggested that further research considering gender-specific tobacco cessation support was
needed [12].

A WHO survey from 2015 on smoking initiation among women and girls noted that a
better understanding of the key factors affecting this situation was needed in order to ad-
dress the growing global pandemic of female smokers and the looming impact on women’s
health [13]. The most-studied environmental influences thus far include parental, sibling,
and peer relationships. Parental smoking has been shown to strongly and significantly
affect smoking initiation among offspring [14]. Compared to offspring of nonsmokers,
those of persistent smokers had twofold smoking rates (OR, 1.96; CI, 1.31–2.93). Maternal
smoking was more strongly associated with youths’ regular smoking than parental smok-
ing (ORs, 3.12; CI, 1.58–6.16 vs. 1.47; 0.87–2.49) [15]. The effect of parental smoking appears
to vary on the basis of the parent’s sex/gender, which is likely to be related to the tradi-
tional roles of mothers and fathers [15]. Regarding the influence of smoking grandparents,
results indicate direct linkages between both grandparent and parent smoking (OR, 4.53;
CI, 2.57–7.97) and parent and offspring smoking (OR, 2.91; CI, 1.60–5.31); however, the
direct link between grandparents and grandchildren was not significant (OR, 2.25; CI, 0.96–
5.23, p < 0.10) [16]. According to a study in Finland, both girls and boys had higher odds for
daily smoking, if any of the four grandparents were current smokers. Results indicated the
significant odds between paternal grandfather and girls (OR, 2.63; CI, 1.59–4.33), paternal
grandmother and girls (OR, 1.71; CI, 1.01–2.90), paternal grandmother and boys (OR, 3.02
(1.50–6.09), maternal grandfather and boys (OR, 1.99; CI, 1.02–3.89), maternal grandmother
and girls (OR, 2.88; CI 1.88–4.36), and maternal grandmother and boys (OR, 2.03; CI,
1.00–4.10). However, when parents’ and grandparents’ smoking status was included in
the same model, grandparent smoking generally lost statistical significance [17]. Despite
the potential effects of smoking grandparents, the results were inconsistent. Furthermore,
this has not been studied in the Asia Pacific region, which has a particularly large gender
difference with respect to smoking rate.

We hypothesized that the integrated analysis of smoking behavior over three genera-
tions would reveal how it may consistently affect the next generation, which is an extension
of previously reported parent–child studies that only investigated parental influences. To
compare smoking behavior with that of parents and grandparents to investigate whether
there are any gender differences between smoking initiation and cessation, new evidence-
based, gender-specific tobacco policies can be implemented with the aim of reducing the
smoking rate among women. Therefore, it is necessary to clarify the gender differences
in smoking behavior across generations. The primary aim of this work was to perform
a cross-sectional study to investigate how gender differences affect smoking initiation
and cessation in a Japanese genome cohort, focusing on intergenerational transmission
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over three generations, from grandparents to their children and, subsequently, from their
children to their grandchildren.

2. Materials and Methods
2.1. Study Design and Participants

The present study was a cross-sectional study using the Nagahama Prospective Cohort
for Comprehensive Human Bioscience (The Nagahama Study). The cohort was recruited
from the general population of Nagahama city, Japan, which has a population of 125,000. A
total of 9804 participants were recruited via mass communication by the local government
and citizen organizations from 2008 to 2010. Of these participants, we excluded 26 non-
Japanese participants using PCA (polymerase cycling assembly) [18] and 14 participants
withdrew their consent, which left a total of 9764 participants for the analysis. A structured
questionnaire on smoking was implemented from 2009 to 2010 for baseline investigation,
and 8652 subjects were registered from 2009 to 2010 for our analyses. Figure 1 shows the
study flowchart. A copy of the questionnaire used to capture the data is provided in the
Supplementary Materials.

Figure 1. Participant flow diagram.

The researchers and city employees held an information session for the residents
regarding the present study. Japan has universal health coverage, and this study included
the Specific Health Examination mandated by Japanese national laws for medical insurers
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to prevent against noncommunicable diseases [19]. The cohort was primarily aimed at
healthy subjects, and participants had to meet the following criteria: (1) be aged between 30
and 74 years old, (2) be able to participate in health examinations independently, (3) have
no difficulty in communication, (4) have little serious diseases/symptoms or health issues,
and (5) have voluntarily decided to participate in the study. The municipal government
staff made appointments for health examinations by telephone, and the participants were
registered at the site of the health examination. Written informed consent was obtained from
all of the participants prior to their health examination. The response rate was 100% and
the interviews were carried out at the location of the medical checkup. All protocols and
informed consent procedures were approved by the Kyoto University Graduate School and
Faculty of Medicine Ethics Committee, the Ad Hoc Review Board of the Nagahama Cohort
Project, and the Nagahama Municipal Review Board of Personal Information Protection.
This study was carried out in accordance with approved guidelines. Smoking status,
intergenerational variables, demographic and environmental variables, and variables of
noncommunicable diseases were collected using an anonymous self-administered postal
questionnaire.

2.2. Outcome Variables
Assessment of Smoking Status

Smoking status was categorized into three clinical groups: current smokers (CSs),
ever-smokers (ESs), and never-smokers (NSs). These groups were respectively defined
as those who smoke every day or some days, those who have quit smoking, and those
who have no experience of smoking. To assess the factors of smoking initiation, smoking
starters (CSs and ESs) were compared with never-smokers (NSs). To assess the factors of
successful cessation, CSs were compared with ESs.

2.3. Correlated Variables
2.3.1. Intergenerational Variables

The main correlated variable was the intergenerational transmission of smoking across
three generations. The intergenerational variables consisted of dichotomous indicator
variables, i.e., whether or not the mother, father, grandmother, grandfather, or siblings
smoke. All answers were chosen as either yes or no (binary scoring). When the mother was
recorded as a smoker, we also determined her smoking status during pregnancy (1 = yes;
0 = no; unknown = excluded).

2.3.2. Years of Smoking and Smoking Initiation

The number of years that CSs and ESs had been smoking for was determined. Both
their age and the number of cigarettes smoked per day (CPD) at the time of smoking
initiation were also provided as the smoking initiation status. Age was categorized as either
<20 or ≥20 years, and CPD was categorized as 1–10, 11–20, or ≥21.

2.3.3. Variables of Alcohol Consumption

As alcohol consumption could have been a confounder, the variable of alcohol con-
sumption consisted of four indicator variables according to the answer to the following
question: “How much do you drink a day, in terms of glasses of refined Japanese Sake?” A
glass (180 mL) of refined Sake (rice wine) is equivalent to a medium bottle (500 mL) of beer,
110 mL of Shochu (alcohol content 25%), a glass (double, 60 mL) of whisky, and two glasses
(240 mL) of wine.

2.3.4. Demographic and Environmental Variables

Age and spousal smoking status were evaluated as moderators of the association
between gender and smoking behavior, smoking initiation, and smoking cessation. Spousal
smoking was indicated as either yes or no (binary scoring). Body mass index (BMI) was
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evaluated as a moderator of the association with smoking cessation. Participants were
grouped into the following categories according to BMI: <25.0 and ≥25.0.

2.3.5. Variables of Noncommunicable Disease

It is known that smoking facilitates the development of diabetes mellitus by affecting
the function of insulin in lowering blood sugar levels, triggering dyslipidemia by hindering
lipid metabolism, and increasing blood pressure due to the action of constricting blood
vessels. In the Specific Health Examination and Specific Health Guidance, smoking habits
are counted as an additional risk when combined with high blood pressure, dyslipidemia,
or high blood sugar, in addition to abdominal obesity. There are three types of blood
tests used in the Specific Health Examination: lipid, liver function, and blood sugar. We
also assessed renal function. Glutamic oxaloacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT), gamma-glutamyl transferase (γ-GTP), total cholesterol (Tch), blood
sugar (BS), hemoglobin A1c (HbA1c), systolic blood pressure (BP), and serum creatinine
(SerumCr) were evaluated as variables of noncommunicable disease.

2.4. Statistical Analysis

Using data from all of the participants, we examined gender differences in smoking
initiation and cessation. The participants were stratified by gender. We compared each
variable between the two groups using Fisher’s exact test and t-test. We also performed an
analysis of variance among the three groups. In order to identify the potential association
between the independent variables and smoking behavior, all variables were entered into
univariate logistic regression models. Multiple logistic regression analysis was performed
to identify the correlated factors of smoking behavior. When a high degree of correlation
existed between variables, they were not entered together in the same multivariable model.
Multicollinearity was assessed using correlation coefficients and the variance inflation
factor (VIF). Given the known relationship between smoking cessation and menstruation
status [20], age could have affected gender differences in the success rate of smoking
cessation. Age was, thus, categorized into groups (i.e., 30–55 and ≥56 years of age).
Multivariate logistic regression models were prepared to estimate the factors correlated
with smoking initiation and cessation. Those variables included in the adjusted models
were based on the existing knowledge of risk factors for smoking behavior. Continuous
variables were categorized for regression analyses. Multivariate logistic regressions were
subsequently used to extend the analysis and to assess the role of correlated variables
when entered into the equation simultaneously. The covariates for the adjusted models
were age group, spousal smoking status, and family smoking history. We evaluated the
interaction between age and years of smoking in the final models using main-effect terms.
Sensitivity analyses were performed to test the influence of the number of years of smoking.
To assess the influence of smoking during pregnancy, we calculated the odds ratio using
Fisher’s exact test. All statistical analyses were performed using Software R version 4.1.2
(http://www.r-project.org/, accessed on 14 January 2022). A p-value <0.05 was considered
statistically significant.

3. Results

Among the 8652 respondents who met the inclusion criteria, 2833 were men and
5819 were women. Overall, 14.1% (n = 1219) were CSs, 20.4% (n = 1768) were ESs, and
65.5% (n = 5665) were NSs. The rate of smoking among men (30.5%, 865/2833) was higher
than that among women (6.1%, 354/5819). More women were NSs, with a rate of 85.5%
compared with a rate of 24.4% among men. Table 1 shows a comparison of the demographic
background and indices of noncommunicable diseases among the three groups.

http://www.r-project.org/
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Table 1. Demographic background and indices of noncommunicable diseases.

Men Current Smokers Ever-Smokers Never-Smokers

n (%) 865 (30.5%) 1277 (45.1%) 691 (24.4%)
Age at enrolment

(years) 55 (39–63) 63 (54–68) 59 (41–67)

BMI (kg/m2) 22.9 (21.0–25.0) 23.5 (21.7–25.3) 23.1 (21.2–25.1)
GOT (IU/L) 23 (19–28) 24 (21–29) 23 (20–28)
GPT (IU/L) 21 (16–31) 22 (17–31) 22 (17–30)
γ-GTP (IU/L) 37 (25–60) 34 (24–57) 30 (21–46)
Tch (mg/dL) 199 (178–222) 200 (179–222) 198 (178–223)
BS (mg/dL) 89 (84–95) 91 (86–98) 89 (84–96)
HbA1c (%) 5.0 (4.8–5.3) 5.1 (4.9–5.4) 5.0 (4.9–5.3)
BP (mmHg) 125 (117–136) 128 (119–138) 126 (116–137)

Serum Cr (mg/dL) 0.8 (0.7–0.9) 0.8 (0.8–0.9) 0.9 (0.8–0.9)

Women Current Smokers Ever-Smokers Never-Smokers

n (%) 354 (6.1%) 491 (8.4%) 4974 (85.5%)
Age at enrolment

(years) 42 (36–55) 40 (34–54) 57 (44–64)

BMI (kg/m2) 20.3 (18.8–22.7) 20.7 (19.2–22.6) 21.5 (19.7–23.7)
GOT (IU/L) 19 (16–22) 19 (16–23) 21 (18–25)
GPT (IU/L) 14 (11–18) 14 (11–19) 16 (13–21)
γ-GTP (IU/L) 18 (14–26) 16 (13–23) 17 (14–25)
Tch (mg/dL) 194 (172–220) 197 (174–220) 211 (188–234)
BS (mg/dL) 85 (80–90) 85 (81–91) 87 (83–92)
HbA1c (%) 4.9 (4.8–5.2) 4.9 (4.8–5.2) 5.1 (4.9–5.3)
BP (mmHg) 110 (103–122) 110 (103–121) 119 (108–130)

Serum Cr (mg/dL) 0.6 (0.5–0.7) 0.6 (0.5–0.7) 0.6 (0.6–0.7)
Data are presented as the median (IQR). BMI: body mass index, GOT: glutamic oxaloacetic transaminase, GPT:
glutamic pyruvic transaminase, γ-GTP: gamma-glutamyl transpeptidase, Tch: total cholesterol, BS: blood sugar,
HbA1c: hemoglobin A1c, BP: systolic blood pressure, Serum Cr: serum creatinine.

3.1. Gender Differences in Smoking Initiation

The results of the logistic regression analysis are shown in Table 2. Gender differences
were observed to significantly correlate with smoking initiation in the final model. Women
with smoking mothers (odds ratio (OR), 2.4; 95% confidence interval (CI), 1.8–3.2) and
grandmothers (OR, 1.7; 95% CI, 1.1–2.4) had a higher likelihood of being a CS or an ES.
Men were not affected by their smoking mothers or grandparents, while women were more
likely to be affected by their smoking mothers and grandmothers. Age showed opposite
trends with respect to gender. Women aged ≤55 years had significantly more smoking
experience than those aged ≥56 years (OR, 3.6; 95% CI, 3.0–4.3). On the contrary, men
aged ≤55 years had less smoking experience than those aged ≥56 years (OR, 0.6; 95% CI,
0.5–0.7). Both men and women were affected by their fathers (OR, 1.4; 95% CI, 1.2–1.7 and
OR, 1.3; 95% CI, 1.1–1.5, respectively) and siblings (OR, 1.8; 95% CI, 1.4–2.2 and OR, 2.3;
95% CI, 1.9–2.7, respectively).

3.2. Gender Differences in Smoking Cessation

The variables used for the additional adjustment for smoking cessation were BMI
(<25.0 or ≥25.0), CPD, age at the time of smoking initiation, spousal smoking status,
and alcohol consumption. As shown in Table 3, gender differences were observed to be
significantly correlated with smoking cessation in the final model. Women who continued
smoking were affected by their smoking mothers (OR, 1.6; 95% CI, 1.0–2.4), which is
consistent with the findings of smoking initiation. Conversely, men with smoking fathers
(OR, 1.8; 95% CI, 1.4–2.1), grandfathers (OR, 1.5; 95% CI, 1.1–2.0), spouses (OR, 1.5; 95% CI,
1.1–2.1), and siblings (OR, 1.3; 95% CI, 1.0 –1.6) continued smoking. Men aged ≤55 years of
age continued smoking compared with those aged ≥56 years (OR, 2.4: 95% CI, 2.0–2.9),
whereas no significant differences were found in women. In men, obesity was defined as
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having a BMI of more than 25.0. Obesity in CSs was observed significantly less than in ESs
(OR, 0.8; 95% CI, 0.6–0.9). The results of the sensitivity analyses revealed that when years
of smoking were entered in the model, the age of women showed a reverse effect, while
the age of men did not have any influence. Age was, thus, retained in the model.

Table 2. Gender differences in smoking initiation.

Men

Variables n
Current and

Ever-Smokers
n, %

Crude OR
(95% CI)

(n = 2833)

Adjusted OR
(95% CI)

(n = 2827)
p-Value

Age (years) 30–55 1093 779 71.3% 0.7 (0.6–0.8) 0.6 (0.5–0.7) <0.001
56≤ 1740 1363 78.3% ref. ref

Father smokes
Yes 1675 1311 78.3% 1.4 (1.2–1.7) 1.4 (1.2–1.7) <0.001
No 1158 831 71.8% ref. ref.

Mother smokes
Yes 172 131 76.2% 1.0 (0.7–1.5) 0.9 (0.6–1.4) 0.66
No 2661 2011 75.6% ref. ref.

Grandfather
smokes

Yes 308 240 77.9% 1.2 (0.9–1.5) 1.1 (0.8–1.5) 0.50
No 2525 1902 75.3% ref. ref.

Grandmother
smokes

Yes 71 57 80.3% 1.3 (0.8–2.5) 1.2 (0.7–2.2) 0.62
No 2762 2085 75.5% ref. ref.

Sibling smokes Yes 613 511 83.4% 1.8 (1.4–2.3) 1.8 (1.4–2.2) <0.001
No 2220 1631 73.5% ref. ref.

Women

Variables n
Current and

Ever-Smokers
n, %

Crude OR
(95% CI)

(n = 5819)

Adjusted OR
(95% CI)

(n = 5813)
p-Value

Age (years) 30–55 2895 651 22.5% 4.1 (3.5–4.8) 3.6 (3.0–4.3) <0.001
56≤ 2924 194 6.6% ref. ref.

Father smokes
Yes 3065 569 18.6% 2.0 (1.8–2.4) 1.3 (1.1–1.5) 0.01
No 2754 276 10.0% ref. ref.

Mother smokes
Yes 287 102 35.5% 3.6 (2.7–4.6) 2.4 (1.8–3.2) <0.001
No 5532 743 13.4% ref. ref

Grandfather
smokes

Yes 744 136 18.3% 1.4 (1.1–1.7) 1.0 (0.8–1.2) 0.84
No 5075 709 14.0% ref. ref..

Grandmother
smokes

Yes 152 44 28.9% 2.5 (1.7–3.5) 1.7 (1.1–2.4) 0.01
No 5667 801 14.1% ref. ref.

Sibling smokes Yes 1103 310 28.1% 3.1 (2.6–3.6) 2.3 (1.9–2.7) <0.001
No 4716 535 11.3% ref. ref.

OR: odds ratio, CI: confidence interval.

Table 3. Gender differences in smoking cessation.

Men

Variables n Current Smokers
n, %

Crude OR
(95% CI)

(n = 2142)

Adjusted OR
(95% CI)

(n = 2131)
p-Value

Age (years) 30–55 779 437 56.1% 2.8 (2.3–3.4) 2.4 (2.0–2.9) <0.001
56≤ 1363 428 31.4% ref. ref.

Body mass index ≥25.0 597 226 37.9% 0.9 (0.7–1.0) 0.8 (0.6–1.0) 0.02
<25.0 1545 639 41.4% ref. ref.
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Table 3. Cont.

Men

Variables n Current Smokers
n, %

Crude OR
(95% CI)

(n = 2142)

Adjusted OR
(95% CI)

(n = 2131)
p-Value

Father smokes
Yes 1311 619 47.2% 2.1 (1.8–2.6) 1.8 (1.4–2.1) <0.001
No 831 246 29.6% ref. ref.

Mother smokes
Yes 131 69 52.7% 1.7 (1.2–2.4) 1.2 (0.8–1.7) 0.41
No 2011 796 39.6% ref. ref.

Grandfather
smokes

Yes 240 134 55.8% 2.0 (1.5–2.7) 1.5 (1.1–2.0) 0.01
No 1902 731 38.4% ref. ref.

Grandmother
smokes

Yes 57 29 50.9% 1.5 (0.9–2.6) 0.9 (0.5–1.6) 0.67
No 2085 836 40.1% ref. ref.

Sibling smokes Yes 511 254 49.7% 1.6 (1.4–2.0) 1.3 (1.0–1.6) 0.03
No 1631 611 37.5% ref. ref.

Spouse smokes Yes 168 93 55.4% 1.9 (1.4–2.7) 1.5 (1.1–2.1) 0.02
No 1974 772 39.1% ref. ref.

Cigarettes per
day at initiation

≥21 351 137 39.0% 1.0 (0.9–1.2) 1.0 (0.9–1.2) 0.84
11–20 1295 541 41.8%
1–10 496 187 37.7% ref. ref.

Age at initiation
(years)

<20 581 250 43.0% 1.2 (1.0–1.4) 0.8 (0.7–1.0) 0.08
20≤ 1561 615 39.4% ref. ref.

Alcohol
consumption

(glasses)

≥3 (≥540 mL) 109 67 61.5% 1.3 (1.1–1.4) 1.2 (1.1–1.3) 0.003
≥2–<3 (360–540 mL) 341 155 45.5%
≥1–<2 (180–360 mL) 789 306 38.8%

<1 (<180 mL) 903 337 37.3% ref. ref.

Women

Variables n Current Smokers
n, %

Crude OR
(95% CI)
(n = 845)

Adjusted OR
(95% CI)
(n = 834)

p-Value

Age (years) 30–55 651 269 41.3% 0.9 (0.7–1.2) 0.8 (0.6–1.1) 0.19
56≤ 194 85 43.8% ref. ref.

Body mass index ≥25.0 88 38 43.2% 1.0 (0.7–1.7) 1.1 (0.7–1.7) 0.81
<25.0 757 316 41.7% ref. ref.

Father smokes
Yes 569 256 45.0% 1.5 (1.1–2.0) 1.4 (1.0–1.9) 0.06
No 276 98 35.5% ref. ref.

Mother smokes
Yes 102 55 53.9% 1.7 (1.1–2.6) 1.6 (1.0–2.4) 0.04
No 743 299 40.2% ref. ref.

Grandfather
smokes

Yes 136 60 44.1% 1.1 (0.8–1.6) 1.0 (0.7–1.5) 0.99
No 709 294 41.5% ref. ref.

Grandmother
smokes

Yes 44 24 54.5% 1.7 (0.9–3.2) 1.5 (0.8–2.9) 0.20
No 801 330 41.2% ref. ref.

Sibling smokes Yes 310 139 44.8% 1.2 (0.9–1.6) 1.0 (0.7–1.4) 0.91
No 535 215 40.2% ref. ref.

Spouse smokes Yes 535 214 40.0% 0.8 (0.6–1.1) 0.8 (0.6–1.1) 0.22
No 310 140 45.2% ref. ref.

Cigarettes per
day at initiation

≥21 32 13 40.6% 1.3 (1.1–1.7) 1.2 (0.9–1.6) 0.17
11–20 251 125 49.8%
1–10 562 216 38.4% ref. ref.

Age at initiation
(years)

<20 206 90 43.7% 1.1 (0.8–1.5) 1.0 (0.7–1.4) 0.92
20≤ 639 264 41.3% ref. ref.
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Table 3. Cont.

Men

Variables n Current Smokers
n, %

Crude OR
(95% CI)

(n = 2142)

Adjusted OR
(95% CI)

(n = 2131)
p-Value

Alcohol
consumption

(glasses)

≥3 (≥540 mL) 26 15 57.7% 1.4 (1.2–1.8) 1.4 (1.2–1.7) 0.001
≥2–<3 (360–540 mL) 44 24 54.5%
≥1–<2 (180–360 mL) 149 79 53.0%

<1 (<180 mL) 626 236 37.7% ref. ref.

OR: odds ratio, CI: confidence interval.

3.3. Association between Maternal Smoking during Pregnancy and Smoking Initiation

Given the correlation coefficient of 0.60 (p < 0.01) between smoking mothers and
antenatal maternal smoking, maternal smoking during pregnancy was excluded to avoid
multicollinearity in the multivariate analysis. Fisher’s exact test showed gender differences
in maternal smoking during pregnancy. The odds ratios were 0.28 (smoking/nonsmoking
mother in pregnancy = 17/60) for CSs and ESs and 0.04 (1/23) for NSs among men, and
0.25 (15/60) for CSs and ESs and 0.36 (27/76) for NSs among women. Antenatal maternal
smoking affected smoking initiation among men, but not significantly (OR, 6.4; p = 0.06;
95% CI, 0.9–283.6). On the contrary, it did not affect women (OR, 0.7; p = 0.37; 95%
CI, 0.3–1.5).

4. Discussion

This cross-sectional study in a Japanese genome cohort, based on data from the
general population of Nagahama city in Japan, demonstrated that gender differences
were associated with the intergenerational transmission of smoking behavior across three
generations. There were three key findings in this study. The first, with respect to smoking
initiation, was that women were affected by their mothers and grandmothers. The second,
with respect to smoking cessation, was that smoking in all family members except the
mother and the grandmother affected men, whereas women were only affected by their
smoking mothers. The third, with respect to age, was that, in the case of men, the smoking
initiation rate was significantly lower in the younger age group and the smoking rate was
significantly lower in the older age group; however, in women, the smoking initiation rate
was significantly higher in the younger age group and the smoking rate was not different
between younger and older age groups. Under the same tobacco control for both men
and women, there was no significant impact on curbing smoking rates, because female
smokers were in the minority. Given the fact that the smoking rate in younger women has
not declined, as shown in this study, the WHO report in 2019 showed that the smoking rate
among women in high-income countries was still the highest among all countries (16.4%),
more than four times the average rate seen in low- and middle-income countries (3.5%). In
contrast, the highest rate among men was seen in middle-income countries (35.3%), where
it was almost double the average rate found in low-income countries (20.2%). Among
women in high-income countries, it is globally rising [21]; thus, the use of the same tobacco
control methods for men and women may not sufficiently restrain the smoking behavior of
women in their social advancement.

The effects of parental smoking differed by gender for both smoking behavior and
nicotine dependence [22]. In the present study, the smoking status of mothers significantly
increased the likelihood of smoking initiation among women but not among men, which
is consistent with a previous report [15,23]. Moreover, we found that grandmothers had
a stronger influence on smoking initiation among women compared with fathers and
grandfathers. In contrast to our results, a previous study indicated that the direct linkages
between grandparents and grandchildren were not significant [16,17]. However, these
studies also suggested that their offspring represented the combined influence of the family
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social environment, as well as shared genetic factors affecting smoking initiation and
nicotine addiction.

Gender differences may reflect the distinctive sexual dimorphism of the brain, includ-
ing hormonal and structural factors that emerge during fetal development [24]. Similarities
in smoking behavior could be due to shared genes, particularly those involved in nicotine
metabolism (e.g., CYP2A6) or those related to the availability of brain neurotransmitters,
such as dopamine and serotonin (e.g., DRD2 and 5HTTLRP) [25]. Pharmacogenetic studies
have suggested associations between treatment outcomes and genes coding for drug-
metabolizing enzymes (e.g., CYP2A6 and CYP2B6) [26–28]. CYP2A6 metabolizes nicotine.
The rate of inactivation and the clearance of nicotine can ultimately influence smoking
behavior, as well as the ability of smokers to quit smoking. In a recent study, women were
associated with higher CYP2A6 mRNA expression, relative to men in univariate analyses
with similar trends for protein levels and enzyme activity, but not significantly [29]. If a
gender-specific genetic etiology of smoking cessation is found, not only is effective smoking
cessation treatment possible, but tobacco control can also be implemented according to
the evidence.

The WHO has stated that smoking cessation interventions should be effective for
and available to vulnerable groups of people [30]. This indicates the need to consider
appropriate tobacco control measures for women. According to a previous Canadian
study on tobacco control, price and taxation were the only policies related to smoking
behavior in both men and women, whereas the association between health education
and smoking behavior was gender-specific [31]. Per capita health education expendi-
tures were positively associated with the odds of being a nonsmoker for men (OR, 1.36;
CI, 1.09–1.70) but not women (OR, 1.13; CI, 0.91–1.39) [31]. Even at a younger age, there
was no evidence that school-based smoking prevention programs have a significant ef-
fect on preventing adolescent girls from smoking (overall pooled effect relative risk, 0.96;
CI, 0.86–1.08) [32]. A Cochrane review for family-based programs for preventing smoking
by children and adolescents regardless of gender showed moderate-quality evidence of
family-based interventions having a positive impact on preventing smoking when com-
pared to a no-intervention control (risk ratio, 0.76; CI, 0.68–0.84) [33]. However, mothers
and grandmothers are often positive role models for girls, and smoking behavior is inher-
ited, as shown in our research. This relationship could hinder the success of family-based
programs. We also paid attention to the intergenerational transmission of implicit attitudes
in adolescents’ smoking initiation. Mothers who had more positive implicit attitudes
had children with more positive implicit attitudes. These positive implicit attitudes of
adolescents predicted their smoking initiation 18 months later [34].

Gender differences in smoking rates and the declining smoking rates in Japan could be
explained by the following: as smoking rates among fathers and grandfathers have declined
over the last 50 years, smoking in their affected sons has also declined; meanwhile, smoking
rates among women have been maintained across generations of mothers and grandmothers,
resulting in no decrease in smoking initiation among women, indicating that mothers and
grandmothers have a strong influence on female offspring in terms of both smoking initiation
and cessation. Effective smoking prevention education tools and timing for girls should be
the focus rather than smoking cessation after initiation. In order for tobacco public policy
to succeed completely, it is necessary to clarify the cause of intergenerational transfer for
smoking behavior, and further research is required for related evidence.

Age groups showed gender differences in smoking cessation. In previous studies,
gender differences were observed in smoking cessation among respondents between 30
and 55 years of age, with women having greater difficulty abstaining from smoking [6].
One of the big gender differences is presumed to be menopause. Since dramatic changes in
the hormonal environment are associated with various health problems, investigating the
different effects of female hormones is a worthwhile avenue for future research.

The present study had several limitations. This was a cross-sectional study; thus,
predictors could not be determined. The data were based on self-reports, allowing recall bias
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of the participants, especially with regard to smokers indicating their status as nonsmokers.
Conversely, CSs and ESs reflect their perceptions of their parents and grandparents smoking,
which can be considered even more important than the actual grandparents’ smoking status.
Our setting was Nagahama City, which is a relatively populous local area in Japan. The
population ratio of males to females is 48.9% to 51.2% (48.6% men and 51.4% women in
Japan), along with 13.6% for ages from 0 to 14 years old, 58.2% for ages 15 to 64, and
28.2% for ages over 65 (12.1%, 59.5%, and 28.4% in Japan, respectively). While we consider
our study cohort representative of the Japanese population, the small population may
prevent the generalization of this study. The intensity of smoking was also self-reported
and not determined. Regarding smoking cessation, one of the reasons for failure to quit
smoking is nicotine addiction. We captured CPD data, but we did not determine the degree
of nicotine addiction and smoking cessation therapy. We analyzed the secondary data
from the Nagahama Study. We surveyed around 3000 male cases in line with a previous
study [17] with 3535 samples (response rate of 37%). Even though our questionnaire
response rate was 100%, secondary data processing led to a sample size of 2833 men and
5819 women. Given the small sample size, the statistical power may have been low.

5. Conclusions

In conclusion, we found that gender differences in smoking initiation and cessation
might be attributed to differences in the influencers of smoking among family members.
Compared with men, women with smoking mothers and grandmothers were more likely
to be smokers, and women with smoking mothers were less likely to achieve smoking
cessation. Our findings suggest that smoking mothers may continue to affect the smoking
behavior of their daughters and even granddaughters. Future research should focus on
whether the long-term smoking behavior of women is due to genetic factors in matrilin-
eal families or provide evidence to help develop effective gender-specific intervention
programs to curb the long-term smoking behavior of women.
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