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Abstract

Introduction

This thesis covered three objectives: 1) to examine the magnitude of socioeconomic
inequalities in infants’ secondhand smoke (SHS) exposure, 2) to examine changes in the
magnitude of inequalities in infants’ SHS exposure, and 3) to test the hypothetical
pathways between socioeconomic status (SES) and indoor smoking among parents who

smoke.

Methods

The magnitude of inequalities in SHS exposure was estimated among 41,833 infants
born in 2001 and 32,120 infants born in 2010 in Japan from nationally representative
surveys. The hypothetical pathways between SES and indoor smoking were tested using
structured equation modeling approach in a sample of 810 smoking fathers and 772
smoking mothers separately.

Results

The slope index of inequality [SII] was 20.04 and the relative index of inequality [RI]
was 1.47 based on income in 2010. The RII increased from 2001 to 2010 (0.87 to 1.47
for income and 1.22 to 2.09 for education). Low-SES smoking fathers had higher social
norms of smoking and low-SES smoking parents had less knowledge about children’s
SHS exposure, and these variables were associated with their indoor smoking behaviors.
Furthermore, social norms of smoking were positively associated with household indoor
smoking and negatively associated with worksite smoking bans.

Conclusions

Inequalities in infants’ secondhand smoke exposure based on income and education
existed and increased from 2001 to 2010. The pathway between SES and indoor
smoking behavior was mediated by social norms of smoking among fathers who smoke,

and knowledge about children’s SHS exposure among parents who smoke.

Key words: Socioeconomic factors; tobacco smoke pollution, smoking; children; parents
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Chapter 1:

Introduction



1.1 General introduction

1.1.1 Global tobacco use and tobacco control

Tobacco use is the single most preventable cause of death. Tobacco use killed 6

million people worldwide in 2011[1], and this is expected to increase to over 8 million a

year by 2030 if urgent action is not taken[2]. Currently, over 1.6 billion people are

smoking in the world[1]. As a result of global epidemic of smoking, exposure to

secondhand smoke (SHS) occurs at any place where smoking is permitted. SHS is a

mixture of side-stream smoke released by the smoldering cigarette and the mainstream

smoke that is exhaled by a smoker[3]. SHS is a known human carcinogen (cancer-

causing agent) and the concentration is higher than the mainstream smoke[3]. Similar to

active smoking, SHS exposure is associated with increased risk for cardiovascular

system, coronary heart disease, and lung cancer[3]. Globally, about one third of adults

are regularly exposed to SHS. In 2004, 600,000 non-smokers died of SHS exposure

related diseases, and about 30% of them were children younger than 15 years old[4].

World Health Organization adopted a treaty “Framework Convention on Tobacco

Control (FCTC)” in 2003 to protect people from any consequences of tobacco use[5].

Since then, implementation of tobacco control measures have progressed steadily,

especially protection from exposure to SHS progressed the most[6]. Currently, many



countries or states have enacted laws banning smoking in public places (e.g., Ireland,

New Zealand, Uruguay, UK, and some states in US) and even private vehicles when

carrying children (e.g., Australia, Canada, and UK)[6].

1.1.2 Tobacco use and tobacco control in Japan

In Japan, one-third of men are still smoking. Although Japan showed steady

declines in smoking prevalence in the last decade (from 47% to 32% in men and 11% to

8% in women from 2003 to 2013)[7], the smoking prevalence in men is higher than the

average of high-income countries in 2014 (28% in men and 18% in women)[6].

Moreover, 47% of non-smoking adults are exposed to SHS in the restaurants in 2013[7].

One of the reasons for their high prevalence is the significantly limited legislative

tobacco control measures in Japan. Despite having signed the FCTC in 2004[8,9], only

one measure (monitoring of tobacco use) has met the criteria among six measures to

complement FCTC (monitoring, protection from tobacco use, offers to help to quit,

warning, enforced bans, and raised taxes)[8]. No national law prohibits smoking in

public places in Japan. The tax rate of cigarettes in Japan rose from 61% to 65% of the

retail price during 1998 to 2010[10]; however, it has not yet reached the criteria set by

WHO (of at least 70%)[11].



1.1.3 SHS exposure among children

SHS exposure is one of the major causes of premature death and disease for

children[3]. They are especially vulnerable to the health effects of SHS[12], with

increased risk of asthma induction and exacerbation, respirator and middle ear

infections, lowered lung function and sudden infant death syndrome[3,13]. The

exposure to SHS is also linked with smoking initiation in their adolescents[14]. In

addition, children exposed to SHS incur higher healthcare costs[15]. In the US, SHS

exposure among children results in 4.6 billion dollars per year for direct medical

expenditures and more than 8 billion dollars in annual loss of life costs[16]. Thus, the

reduction of children’s SHS exposure will largely contribute to improving public health

worldwide.

Children are more heavily exposed to SHS than any other age-group

worldwide[4]. The proportion of SHS exposure is 40% among children under 15 years

old globally in 2004[4], and 38% among infants in Japan in 2001[17]. While the

majority of exposures occurs in homes or cars because their parents smoke[4], many

children are often unable to complain or protect themselves from SHS exposure[12].

Young children under 2 years old are particularly vulnerable as their respiration rate is



higher and body weight is lower than adults, and they generally spend the entire day at

home[18,19]. For infants, low level of SHS exposure over the weeks may be equivalent

to active adult smoking for several hours[20]. Although an ideal solution to protect

children from exposure to SHS is parents’ cessation of smoking, this is not necessarily

achievable[21,22]. Therefore, ‘home smoking bans’ might be a realistic strategy to

reduce SHS exposure among children[23]. Complete home smoking bans (i.e., no one is

allowed to smoke inside the house) can significantly reduce children’s respiratory

symptoms and presence of nicotine toxins, an indicator of SHS exposure[24,25],

although this is not a perfect solution[26].

SHS exposure among children has been significantly reduced in several western

countries. The saliva cotinine among children decreased by 79% from 1998 to 2012 in

England[27], and the households with children implementing complete home smoking

bans increased from 58% to 84% from 1995 to 2007 in the US[28]. These trends

occurred because the prevalence of parental smoking continuously decreased along with

increased implementation of restrictions on smoking at public places.

1.1.4 Inequalities in exposure to SHS among children

The level of SHS exposure in children differs by parents’ socioeconomic status



(SES), such as education, income and occupation. Children in lower SES group are

more likely to have smoking parents, and less likely to have complete home smoking

bans compared to those in higher SES groups[28—31]. The exposure to SHS among

children with low-educated parents were 3.9 times higher than high-educated parents in

Germany[29], and 11 times higher in Denmark[31].

However, changes in SHS exposure inequalities among children has not been

examined over time in detail. The available studies have shown mixed results. While the

overall prevalence of SHS exposure in children decreased, socioeconomic inequalities

in children’s SHS exposure increased in the USA[28], and remained the same in

Australia and Denmark[31,32]. In Japan, no studies directly examined changes in SHS

exposure inequalities among children so far, due to lack of continuous follow-up for

SHS exposure. It is partly because nationwide surveys, such as The National Health and

Nutrition Survey in Japan, do not routinely collect data regarding children’s SHS

exposure.

1.1.5 Mechanisms between SES and indoor smoking behaviors among parents

To reduce inequalities in children’s SHS exposure, we need to explore the

mechanisms linking SES to SHS exposure among children. For adults smoking,



increased tobacco price via tax is confirmed to the great potential to reduce inequality in

smoking[33]. However, regarding SHS exposure among children, the evidence about

equality impact of tobacco control policies and interventions is very limited and has not

been systematically quantified. To establish effective policies and interventions, it is

important to understand which factors mediate the relationships between SES to SHS

exposure among children. Parental indoor smoking at home is particularly crucial as a

measurement of SHS exposure for young children, because it is a primary source for

them[3,18]. So far, few studies have tested the specific pathways between SES and

indoor smoking behavior among parents, while several conceptual models were

developed about the mechanisms between SES and smoking behavior among general

populations[34-37].

Several kinds of evidence provide possible mediators for the hypothesized

mechanisms linking SES to indoor smoking among parents. First, the conceptual

models linking SES to health provide possible mediators. The model explains that SES

directly influences environmental and psychological factors, and through these two

factors, indirectly influences health behaviors[38]. Another model also hypothesized

that SES influences health behaviors through the effects of environmental factors on

psychological factors[39]. Other conceptual models linking SES to smoking also



demonstrated that several environmental and psychological factors are mediators, such
as self-efficacy[37], social ties[40], social support [34], perceived stress[34,37,40], SHS
exposure at home, and the use of smoking cessation resources[35].

Moreover, multiple barriers that low-SES smoking parents were facing would
mediate as well. They impose temporary and ad hoc restrictions due to habits, stressors,
and limited knowledge about the harm of SHS[41-43]. Their desire to protect children
from SHS by restricting indoor smoking could compete with their caring responsibilities
(e.g. leaving young children alone), personal discomfort when smoking outside (e.g.
bad weather), and physical environment of their homes (e.g. lack of outdoor space,
living in a high-rise flat)[43]. As the process of implementing home smoking bans
involves negotiation with a smoking partner, partner’s support could be also a barrier or

motivator[42,44].

1.1.6 Research gaps

A body of evidence is available on social inequalities in adults smoking.
However, such evidence in the context of SHS exposure among children, particularly
young children, is quite limited[19]. Children under 2 years old including infants are

more susceptible to the risks associated with SHS exposure[45]. While the social



inequalities in adults smoking exist and even widening in some European countries[46],

few studies examined changes of socioeconomic inequalities in SHS exposure among

young children over time. Particularly in Japan, no evidence exists regarding the

temporal changes of inequalities in children’s SHS exposure.

Evidence is also lacking on the mechanisms between parental SES and SHS

exposure among children. Several barriers and motivators have been revealed among

low-SES parents to protect children from SHS exposure in the literatures[41-43]. In

addition, several environmental and psychological factors were suggested to mediate the

pathways from SES to smoking cessation among adults[34—37]. However, no study

tested the hypothesized model about the mechanisms between SES and indoor smoking

behavior among parents living with young children.

1.1.7 Objectives of the thesis

This doctoral thesis had three objectives which consist of two studies.

1. To examine the magnitude of socioeconomic inequalities in SHS exposure among

infants in Japan. (Chapter 2)

2. Toexamine changes in the magnitude of socioeconomic inequalities in SHS

exposure among infants from 2001 to 2010 in Japan. (Chapter 2)



3. To test the hypothetical model of the pathways between socioeconomic status and

indoor smoking behaviors among parents living with young children in Japan.

(Chapter 3)

10



1.2 Thesis organization

This thesis consists of four chapters. Chapter 1 describes general introduction,
research gaps, and study objectives. The next two chapters are composed of research
conducted to address the three objectives. Chapter 2, ”Changes in socioeconomic
inequalities in infants’ exposure to secondhand smoke over time in Japan”, examined
the magnitude and changes of inequalities in infants” SHS exposure over time using
repeated cross-sectional data from national representative surveys in Japan. Chapter 3,
“The pathways between socioeconomic status and indoor smoking behavior among
smoking parents living with young children”, describes the evaluation of hypothesized
pathways between SES and indoor smoking behavior among parents living with their
young children using cross-sectional data. Chapter 4 shows summary of findings from

the separate studies and describes general conclusions and implications of findings.
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Chapter 2:

Changes in socioeconomic inequalities in infants’ exposure to

secondhand smoke over time in Japan:

a repeated cross-sectional survey
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2.1 Introduction

Socioeconomic inequalities in SHS exposure among children is inferred in Japan,

although the evidence is limited. A study using nationally representative data in Japan

demonstrated a significant relationship between parental smoking and household

income[17]. Children in the lowest income households are more likely to suffer from

asthma compared with those in the highest income households[47], and parental indoor

smoking increases and exacerbates children’s asthma[48]. Given these findings, | could

suppose that SHS exposure is higher among children in low-SES households in Japan.

Moreover, the magnitude of absolute inequalities might differ by parental indoor

smoking behaviors (only father, only mother, or both parents smoke indoors).

Understanding the parental smoking situation most responsible for inequalities would

help prioritize tobacco control interventions that aim to reduce children’s SHS

exposure. In Wales, ‘both parents’ showed the larger socioeconomic inequalities in

absolute terms, compared with ‘only father’ or ‘only mother’[49]. In Japan, however,

there is a large difference in smoking prevalence between men and women|[7].

Furthermore, during the pre- and post-natal periods, smoking fathers with a non-

smoking partner receive limited support from health professionals to change their

smoking behavior compared with smoking mothers and their partners[50]. Thus, low-

13



SES fathers who are the only smoker might be more likely to continue smoking indoors

and contribute the most to the total absolute inequality in SHS exposure.

Regarding the changes in socioeconomic inequalities in children’s SHS exposure,

we have not known well if they are widening or narrowing. Although social inequalities

in the prevalence of adult smoking are widening in some European countries[46], there

are limited studies focusing on the temporal change in SHS exposure inequalities in

children. In particular, despite their increased susceptibility to the risks associated with

SHS exposure, children younger than 2 years old have rarely been studied independent

of older children[19]. Furthermore, the available studies in countries other than Japan,

which used different indices of inequality, have shown mixed results. In the USA, while

the overall prevalence of SHS exposure in children decreased, odds ratio (OR) of

smoke-free homes for lowest income versus highest income households increased

significantly from 1.32 in 1995 to 2.02 in 2006-2007[28]. In contrast, in Denmark, OR

of parental indoor smoking with children by parental education level did not differ

significantly over time (OR was 10.4 in 2007 and 11.5 in 2010)[31]. In England,

absolute inequality in the level of SHS exposure (median cotinine) among children

decreased significantly from 1996 to 2006[51].

Thus, this study 1 had two objectives: 1) to examine the magnitude of

14



socioeconomic inequalities in SHS exposure in infants and 2) to examine the changes in
the magnitude of socioeconomic inequalities in SHS exposure in infants from 2001 to
2010.

| further hypothesized that socioeconomic inequalities in children’s SHS exposure
exist in Japan (Hypothesis 1), and that socioeconomic inequalities increased from 2001
to 2010 in Japan (Hypothesis 2). Furthermore, | hypothesized that ‘only father smoking
indoors’ contribute the most to absolute inequalities in SHS exposure among infants

(Hypothesis 3).

15



2.2 Methods
2.2.1 Study participants

| used data from the Longitudinal Survey of Newborns in the 21 Century,
which was a national survey conducted by the Ministry of Health, Labour, and Welfare,
Japan. This large panel study has two cohorts (infants who were born in 2001 or 2010).
| used baseline data of both cohorts in this study for all infants born in Japan during
January 10-17, 2001 or July 10-17, 2001 for the first cohort (n = 53,575) and May 10—
24, 2010 for the second cohort (n = 43,767), with permission from the Ministry of
Health, Labour, and Welfare, Japan. The participants who returned the questionnaire to
the Ministry were considered to have agreed to participate in the study.

The response rate for the first self-administered questionnaire, which was
mailed to all households when the infants were six months old, was 87.8% (n =
47,015/53,575) for the first cohort and 88.1% (n = 38,554/43,767) for the second cohort.
The response rate for the second questionnaire, which was mailed to participants of the
first survey when their children reached 18 months old, was 82.0% (n = 43,925/53,575)
for the first cohort and 76.2% (n = 33,356/43,767) for the second cohort. I restricted
study participants to infants whose parents lived together at baseline, which led to

exclusion of 923 for the first cohort and 686 for the second cohort. In addition, |

16



excluded infants lacking parental age (151 for the first cohort, 103 for the second

cohort) and parental smoking status (1,021 for the first cohort, 454 for the second

cohort). In the final analyses, | included 41,833 (78.1% of the initial cohort) and 32,120

(73.4% of the initial cohort) participants for the first and second cohorts, respectively.

2.2.2 Secondhand smoke exposure in infants

| used parental indoor smoking behavior as a measurement of SHS exposure in

infants[31]. Although this is a proxy measurement, parental indoor smoking is

significantly associated with biochemically measured SHS exposure among

children[52]. The parents in the baseline survey were asked whether the father and/or

mother smoked, and, if yes, they were asked whether they smoked indoors. Then, |

combined the responses for the smoking behavior of both parents to create parental

smoking (at least one parent smoked vs. neither parent smoked) and parental indoor

smoking (at least one parent smoked indoors vs. neither parent smoked indoors)

variables.

2.2.3 Socioeconomic indicators

| used income and education as SES indicators. For income, | calculated

17



equivalent household income by adjusting for the square root of the number of persons

living in the household and categorized into four groups: 2,000,000 yen or less,

2,000,001 — 3,000,000 yen, 3,000,001 — 4,000 000 yen, or over 4,000,000 yen. Because

the education question was only included in the second survey (2002 for the first cohort

and 2011 for the second cohort), | used those data for education level (highest

completed level) and categorized into four groups: less than high school graduate, high

school graduate, some college, or university graduate or higher. Then, | combined the

parental education level of the mother and father as follows: both are high school

graduates or less, one is a college graduate and the other is a college graduate or less,

only one is a university graduate, or both are university graduates or higher.

2.2.4 Statistical analyses

I calculated the prevalence of SHS exposure in infants based on SES by survey

year. | adjusted the prevalence in 2010 by the average parental age in 5-year age groups

using a direct method and the parental age distribution in 2001 as the base.

To test the first hypothesis, | examined both absolute and relative inequality

indices, which is strongly recommended in health equality research to avoid biased

judgments by readers[53]. For absolute measures, | estimated the rate difference and

18



slope index of inequality (S1I) with 95% confidence intervals (Cls). The rate difference

measures the absolute difference in indoor smoking prevalence between the lowest and

highest SES groups. For relative measures, | measured the odds ratio (OR) and relative

index of inequality (R11) with 95% Cls. The OR is the ratio of the odds of indoor

smoking in the lowest compared with the highest SES group and was estimated using

logistic regression models, controlled for infant’s sex, father’s and mother’s ages, and

the SES variables (either income or education). To avoid overadjustment (i.e., control of

an intermediate variable on a causal path from exposure to outcome[54]), | did not

adjust for variables that would possibly mediate the relationship between SES and SHS

exposure in infants (e.g., the number of cigarettes parents smoke per day and the

spouse’s smoking status). | chose SII and RII as inequality indices because the sample

sizes of the four parental education groups were quite different across groups in both

years. The SlI and RII are regression-based measurements that took into account the

distributions of the sample in each SES group and the entire distribution of the SES

groups over time[55]. The SlI can be interpreted as the estimated absolute difference in

the prevalence of SHS between infants with the highest and lowest SES. The RII is

derived by dividing the SII by the mean prevalence of SHS exposure and can be

interpreted as the estimated proportionate difference, rather than the absolute

19



difference[55,56].

To test the second hypothesis, | compared the relative inequality indices (OR

and RI1) between 2001 and 2010. Then, | determined the change in the prevalence (the

percentage change) over time for each SES group separately using the pooled data in

2001 and 2010. Further, I estimated the coefficient of interaction terms between SES

(income or education) and year of survey using logit regression models, controlled for

infant’s sex, father’s and mother’s ages, and SES variables. Then, I compared the

coefficient of interaction terms (with 95% CIs) across SES groups to examine whether

changes in inequality were different by SES.

To test the third hypothesis, I calculated the prevalence and the magnitude of

inequalities (SI1 and RI1) based on income level by parental indoor smoking behavior

(only father, only mother, or both parents smoke indoors). Then, | calculated the

proportion to the total SII represented by each parental indoor smoking behavior to

examine the contribution for the total income inequality[57]. 1 did not calculate an

educational SII by parental indoor smoking behavior because the categorization of

education level between father/mother indoor smoking and parental indoor smoking

was not the same.

As a sub-analysis, |1 examined the changes in inequalities in parental smoking

20



over time to examine whether they were comparable to the changes in inequalities in

infants’ SHS exposure. | also examined the changes in inequalities in parental smoking

over time for each parental smoking behavior (i.e., only father, only mother, or both

parents smoke) and compared the changes with those in infants> SHS exposure. |

conducted most of the analyses using STATA 13 (StataCorp LP; College Station, TX,

US). For the Sl and RII calculations, |1 used HD*calc (version 1.2.4; National Cancer

Institute, US)[58].

2.2.5 Ethical considerations

This study was approved by the Research Ethics Committee of the Graduate

School of Medicine at The University of Tokyo, Japan (approval number: 10618).
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2.3 Results

Table 1 shows the characteristics of the study participants by survey year and
distribution of infants living with smoking parents and exposed to SHS in 2001 and
2010. The average parental age was 31.1 years old (standard deviation [SD] 4.55, range
17.5-54.0) in 2001 and 32.6 years old (SD 4.69, range 20.0-59.5) in 2010 (data not
shown). The percentage of infants exposed to SHS declined from 36.8% in 2001 to

14.4% in 2010.
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Table 1. Characteristics of the study participants by survey year

2001 2010
n =41,833 % n=32120 %

Equivalent household income

Highest (> 4,000,000 yen) 7,175 17.2 6,600 20.5

High (3,000,001 - 4,000,000 yen) 7,573 18.1 6,000 18.7

Low (2,000,001 - 3,000,000 yen) 13,352 319 9,909 30.8

Lowest (0 - 2,000,000 yen) 11,179 26.7 7,565 236

Missing 2,554 6.1 2,046 6.4
Parental education level

Both are university graduates or higher 4,572 11.0 6,460 20.1

Only one is a university graduate 11,832 28.3 9,720 30.3

One is a college graduate and the other is a 12,555 30.0 9,570 208

college graduate or less

Both are high school graduates or less 12,473 29.8 6,111 19.0

Missing 401 1.0 259 0.8
Infant sex

Boy 21,754 52.0 16,548 515

Girl 20,079 48.0 15,572 48.5
Father's age (years)

<24 2,715 6.5 1,284 4.0

25-29 11,159 26.7 6,310 19.7

30-34 15,413 36.8 11,204 34.9

35-39 8,675 20.7 9,101 28.3

>40 3,871 9.3 4,221 13.1
Mother's age (years)

<24 4,242 10.1 2,053 6.4

25-29 15,210 36.4 8,304 25.9

30-34 16,170 38.7 12,489 38.9

35-39 5,459 131 7,803 24.3

>40 752 18 1471 4.6
Living with smoking parent(s)*

Yes 26,453 63.2 13,406 41.7

No 15,380 36.8 18,714 58.3
Exposed to secondhand smoke®”

Yes 15,403 36.8 4,619 14.4

No 26,430 63.2 27,501 85.6

2The number and prevalence in 2010 were weighted for the average parental age in 5-year age
groups using a direct method and the age distribution in 2001 as the base.

® Exposure to secondhand smoke was measured by self-reported parental indoor smoking
behavior.
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Table 2 shows the prevalence of SHS exposure and the magnitude of income
and educational inequalities in SHS exposure in infants in 2001 and 2010. The
prevalence of SHS exposure in infants in the lowest and highest income groups was
47.8% and 23.3% in 2001 and 22.3% and 6.6% in 2010, respectively. Income and
educational inequalities in SHS exposure in infants existed. Thus, my first hypothesis
(socioeconomic inequalities in children’s SHS exposure exist in Japan) was supported.
For example, in 2010, the rate difference and the SII in the prevalence of infants’ SHS
exposure based on income were 15.7 and 20.04, demonstrating greater prevalence in the
lowest income group compared with the highest group; the OR indicated a 1.97 times
higher odds of infants’ SHS exposure in the lowest income group than in the highest
income group; and the RIl indicated that a move from the highest to the lowest income

group was associated with a 147% increase in the prevalence of SHS exposure.
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Table 2. Prevalence and magnitude of inequalities in SHS exposure in infants according to the income and educational level by survey year

Prevalence of SHS exposure in infants (%)

2001 2010° % change Coefficient (95% CI)°
([2010-2001]/2001) (Income x year)
Equivalent household income
Highest (ref) 23.3 6.6 -711.7 -1.31 (-1.43t0 -1.20)
High 29.8 10.1 -66.1 -1.20 (-1.30 to -1.10)
Low 38.1 13.9 -63.5 -1.26 (-1.33t0 -1.19)
Lowest 47.8 22.3 -53.4 -1.12 (-1.19 to -1.05)
Rate difference (lowest - highest) (% point) 24.5 15.7
SIl (95% CI) 31.75(30.09 to 33.41) 20.04(18.67 to 21.41)
Odds ratio® (95% CI) 1.78(1.66 to 1.92) 1.97(1.74 to 2.22)
RII (95% CI) 0.87(0.82t0 0.92) 1.47(1.37 to 1.56)
Parental education level

Both are university graduates or higher (highest) (ref) 14.8 4.0 -73.0 -1.46 (-1.61to -1.31)
Only one is a university graduate 26.2 8.9 -66.0 -1.36 (-1.44 t0 -1.27)
One is a college graduate and the other is a college graduate or less 40.0 16.0 -60.0 -1.27 (-1.34 to -1.20)
Both are high school graduates or less (lowest) 515 28.1 -45.4 -1.06 (-1.13 t0 -0.99)
Rate difference (lowest - highest) (% point) 36.7 24.1
SIl (95% CI) 44.6 (43.110 46.2) 28.7 (27.3 10 30.0)
Odds ratio® (95% CI) 4.65 (4.23 10 5.10) 6.58 (5.67 to 7.64)
RII (95% CI) 1.22 (1.17 t0 1.26) 2.09 (2.00t0 2.17)

2 Adjusted by father’s age, mother’s age, infant sex, and socioeconomic status indicators (either income or education)

®The prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the
base.

¢ Adjusted by father’s age, mother’s age, infant sex, and socioeconomic status indicators (both income and education)

Cl, confidence interval; SlI, slope index of inequality; RII, relative index of inequality
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Regarding changes over time, the prevalence of SHS exposure decreased in all

SES groups from 2001 to 2010 (Table 2). The relative measures of inequality (OR and

RII) indicated that the magnitude of income and educational inequalities in SHS

exposure among infants increased from 2001 to 2010. Thus, my second hypothesis

(socioeconomic inequalities increased from 2001 to 2010 in Japan) was supported. For

instance, from 2001 to 2010, the RII for income increased from 0.87 to 1.47. In the

comparison of the SES groups, the lowest SES group showed the smallest relative

decrease in prevalence of SHS exposure (-53.4 percentage change), supporting the

results that income and educational inequalities increased in relative terms over time.

The interaction analysis resulted in statistically significant coefficient of interaction

terms in each SES group and negatively larger terms with increasing SES group (both

income and parental education).

The sub-analysis of inequality changes showed a much smaller relative

decrease (percentage change) in parental smoking (Table 3) than in infants’ SHS

exposure (Table 2) in each SES level. This suggests that the reduction of infants’ SHS

exposure was related to the reduction of parental indoor smoking among smoking

parents in addition to the reduction of parental smoking overall. Moreover, Table 4

shows that income and educational inequalities in SHS exposure in infants exited even
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among households with smoking parent(s). Furthermore, the magnitude of its relative

inequalities increased in both income and education from 2001 to 2010.
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Table 3. Prevalence of parental smoking and magnitude of inequalities in parental smoking according to the income and educational
level by survey year

Prevalence of parental smoking (%)

% change
2001 2010? ([2010-2001]/2001)
Equivalent household income
Highest (ref) 49.5 29.1 -41.2
High 56.9 36.3 -36.3
Low 64.6 42.0 -35.0
Lowest 73.7 52.7 -28.5
SI1 (95% ClI) 30.92 (29.24 10 32.60)  29.91 (27.97 to 31.85)
RIN (95% CI) 0.49 (0.46 to 0.52) 0.74 (0.69 to 0.78)
Parental education level
Both are university graduates or higher (highest) (ref) 37.7 22.5 -40.4
Only one is a university graduate 51.9 33.1 -36.2
One is a college graduate and the other is a college graduate or less 68.1 47.4 -30.4
Both are high school graduates or less (lowest) 78.2 61.7 211
Sl (95% CI) 48.21 (46.62 t0 49.79)  48.46 (46.65 to 50.27)
RII (95% CI) 0.76 (0.74100.79) 1.19 (1.14to01.24)

aThe prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the
base. CI, confidence interval; Sll, slope index of inequality; RII, relative index of inequality
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Table 4. Prevalence and magnitude of inequalities in SHS exposure in infants who live with smoking parent(s) according to the income

and educational level by survey year

Prevalence of SHS exposure in infants (%)

2001 010" % change
([2010-2001]/2001)
(n=24,729) (n=11912)
Equivalent household income

Highest (ref) 47.0 22.6 -51.9

High 52.4 27.9 -46.8

Low 58.9 331 -43.8
Lowest 64.9 42.2 -34.9

Sl (95% CI) 22.41(20.20t0 24.62)  25.23 (22.23 t0 28.23)

RII (95% CI) 0.39 (0.35100.42) 0.75 (0.67100.84)

Prevalence of SHS exposure in infants (%) % change
2001 2010° ([2010-2001]/2001)
(n=26,174) (n =12,717)
Parental education level

Both are university graduates or higher (highest) (ref) 39.1 17.9 -54.4

Only one is a university graduate 50.4 26.9 -46.7

One is a college graduate and the other is a college graduate or less 58.7 33.8 -42.4

Both are high school graduates or less (lowest) 65.8 45.5 -30.9

Sl (95% CI) 27.33(25.191029.48)  31.43 (28.57 to 34.29)

RII (95% CI) 0.47 (0.43t00.51) 0.92 (0.841t01.01)

aThe prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the

base. CI, confidence interval; Sll, slope index of inequality; RII, relative index of inequality
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Regarding SHS exposure from the three parental indoor smoking behaviors,

‘only father smoking indoors’ was a major source of SHS exposure in infants (69.8% in

2001 and 78.7% in 2010) (Table 5). Table 6 shows the prevalence of SHS exposure in

infants by parental smoking behavior according to the income level. Although the

overall prevalence of SHS exposure by ‘only father smoking indoors’ decreased by

57.0%, the absolute inequality did not decrease (SII changed from 14.69 in 2001 to

13.45 in 2010) because of the much smaller decrease in the lowest income group (-44.8

percentage change). Figure 1 shows the contributions of absolute income inequality

(SI1) in SHS exposure in infants to the total income SlI by parental indoor smoking

behavior. The proportion represented by ‘only father smoking indoors’ increased (from

46.3% [14.69/31.75] in 2001 to 66.7% [13.45/20.15] in 2010) and became a major

contributor in 2010, while the proportion represented by ‘both parents smoking indoors’

decreased over time (from 50.8% [16.13/31.75] in 2001 to 29.6% [5.96/20.15] in 2010).

Thus, my third hypothesis (‘only father smoking indoors’ contribute the most to

absolute inequalities in SHS exposure among infants) was supported.
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Table 5. Proportion of each parental indoor smoking behavior to the total SHS exposure
in infants by survey year

2001 2010
(n=15403) (n = 4,619)
Number  Proportion Number  Proportion
Both parents smoking indoors 4,217 27.4 855 18.5
Only father smoking indoors 10,752 69.8 3,635 78.7
Only mother smoking indoors 434 2.8 129 2.8

2The number and proportion in 2010 was weighted for the average parental age in 5-year age
groups using a direct method and the age distribution in 2001 as the base.
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Table 6. Prevalence and magnitude of inequalities in SHS exposure in infants according to the income level by parental indoor smoking
behaviors by survey year

% change

a
2001 2010 ([2010-2001]/2001)

Equivalent household income

Prevalence of SHS exposure in infants by both parents smoking indoors (%)

Overall 9.9 2.6 -734
Highest (ref) 4.0 0.5 -86.4
High 6.5 13 -79.4
Low 9.6 2.6 -72.8
Lowest 16.4 51 -69.0

Sl (95% CI) 16.13(15.07 to 17.28) 5.96 (5.34 to 6.59)

RII (95% CI) 1.63 (1.53t0 1.72) 2.38 (2.18t0 2.58)

Prevalence of SHS exposure in infants by only father smoking indoors (%)

Overall 25.6 11.0 -57.0
Highest (ref) 18.6 5.9 -68.3
High 225 85 -62.3
Low 275 10.9 -60.2
Lowest 30.0 16.5 -44.8

Sl (95% CI) 14.69 (13.26 to 16.13) 13.45 (12.02 to 14.88)

RII (95% CI) 0.57 (0.52 to 0.63) 1.25(1.12 to0 1.39)

Prevalence of SHS exposure in infants by only mother smoking indoors (%)

Overall 10 04 -62.9
Highest (ref) 0.7 0.1 -79.0
High 0.8 0.3 -64.6
Low 1.0 04 -63.4
Lowest 14 0.7 -54.4

Sl (95% CI) 0.93 (0.57 to 1.29) 0.74 (0.49 to 0.99)

RII (95% CI) 0.91 (0.57 to 1.26) 1.91 (1.33t0 2.48)

aThe prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the

base. CI, confidence interval; Sll, slope index of inequality; RII, relative index of inequality
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Figure 1. Contributions of parental indoor smoking behaviors to absolute income
inequality in SHS exposure in infants
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The total bar represents the total absolute income inequality (SII) in each survey year, and each
component represents the SlI of each parental indoor smoking behavior.
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By comparing the relative reduction between smoking and indoor smoking by

parental smoking behaviors in the sub-analysis (Table 6, Table 7, Figure 2), | found a

much larger difference for ‘only father smoking’ (percentage change, -25.0% for only

father smoking vs. -57.0% for only father smoking indoors) than for ‘both parents

smoking’ (percentage change, -64.9% for both parents smoking vs. -73.4% for both

parents smoking indoors). This suggests that the prevalence of ‘only father smoking

indoors’ decreased because not only did the only father smokers decrease, but the

indoor smoking among only father smokers also decreased. In contrast, the prevalence

of both parents smoking indoors decreased mainly because both parental smokers

decreased. Furthermore, the reduction in ‘both parental smoking’ originated mainly

from the reduction of the mother smoking, as the relative decrease was as large as both

parents smoking (percentage change, -64.9% for both parents smoking and -63.3% for

mother smoking) (Table 7, Table 8).
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Table 7. Prevalence of parental smoking and magnitude of inequalities in parental smoking according to the income level by parental
smoking behavior

Equivalent household income

2001 2010°

% change
([2010-2001]/2001)

Prevalence of both parents smoking (%)

Overall 14.2 5.0 -64.9
Highest (ref) 6.7 15 -77.9
High 9.7 2.8 -71.0
Low 14.0 4.6 -66.8
Lowest 225 9.4 -58.1

Sl (95% ClI) 20.69 (19.48 to 21.90) 10.10 (9.23 to 10.96)

RII (95% CI) 1.45 (1.37 to 1.53) 2.12 (1.96 to 2.27)

Prevalence of father only smoking (%)

Overall 47.6 35.6 -25.0
Highest (ref) 41.8 27.3 -34.5
High 46.3 33.0 -28.8
Low 49.6 36.6 -26.1
Lowest 49.7 42.1 -15.2

Sl (95% CI) 9.52 (7.75t0 11.28) 18.64 (16.75 to 20.52)

RII (95% CI) 0.20 (0.16 to 0.24) 0.53 (0.48 to 0.58)

Prevalence of mother only smoking (%)

Overall 1.2 0.7 -41.7
Highest (ref) 1.0 0.3 -74.4
High 0.9 0.5 -50.3
Low 11 0.7 -35.0
Lowest 15 11 -25.1

Sl (95% CI) 0.73(0.37to 1.11) 1.02 (0.69 to 1.35)

RII (95% CI) 0.64 (0.32 to 0.95) 1.52 (1.09 to 1.94)

aThe prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the

base. ClI, confidence interval; Sll, slope index of inequality; RII, relative index of inequality
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Table 8. Prevalence of parental smoking and magnitude of inequalities in parental smoking according to the income level by fathers and

mothers

% change

a
2001 2010 ([2010-2001]/2001)

Equivalent household income

Prevalence of father smoking (%)

Overall 61.8 40.6 -34.3
Highest (ref) 48.9 28.8 -41.1
High 56.0 35.8 -36.1
Low 63.5 41.3 -35.0
Lowest 72.2 51.6 -28.6

Prevalence of mother smoking (%)

Overall 154 5.7 -63.3
Highest (ref) 7.7 17 -77.4
High 10.6 3.3 -69.2
Low 15.0 5.3 -64.5
Lowest 24.0 10.5 -56.1

aThe prevalence in 2010 was weighted for the average parental age in 5-year age groups using a direct method and the age distribution in 2001 as the

base.
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Figure 2. Prevalence of parental smoking and indoor smoking behaviors according to
the income level by both parents smoking and only father smoking
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The prevalence is presented in Tables 6 and 7.
The total bar represents the parental smoking in each survey year, and each colored bar, dark

gray and light gray, represents the parental indoor smoking (SHS exposure in infants) and
outdoor smoking, respectively.
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2.4 Discussion

In this repeated nationwide population-based survey, | found marked social

inequalities in infants’ exposure to SHS in both survey years, with the most exposure

occurring for infants in the lowest SES group. From 2001 to 2010, the relative

inequalities in infants’ SHS exposure increased. Furthermore, ‘only father smoking

indoors’ was a major source of SHS exposure in infants and a major contributor to

absolute income inequality in SHS exposure in infants in 2010.

The changes in inequalities in infants’ SHS exposure over time in this study are

consistent with reports from the USA and England: the SHS exposure inequality

increased or stabilized in relative terms over time among children[28,51]. The increase

in relative inequalities could result from more barriers to stopping (indoor) smoking in

low-SES parents than in high-SES parents. Those barriers would include a greater

tendency for nicotine dependence, which is a strong predictor for failure to quit

smoking[59,60], conflict between coping and caring, and influence of relationships with

families and friends[41]. In addition, the baseline prevalence of exposure among the

lowest SES infants in 2001 were much higher than the highest SES infants in 2001,

making it challenging for the lowest SES infants to attain the same or greater

proportional reduction as the highest SES infants[61].
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Furthermore, ‘only father smoking indoors’ contributed the most to the total

absolute inequality in infants’ SHS exposure based on income and represented the

highest contributor in 2010 (Figure 1). The smallest relative reductions for both ‘only

father smoking’ (percentage change: -15.2%) and ‘only father smoking indoors’

(percentage change: -44.8%) were in the lowest income group (Table 6, Table 7, Figure

2). This might be explained by the low self-efficacy of non-smoking mothers living with

a smoking husband in the lowest income group. Low-SES women are less likely to have

a self-efficacy to avoid SHS exposure than high SES women[62]. Although a mother’s

self-efficacy in asking others to smoke outdoors is strongly associated with actual

preventive behavior for their children, non-smoking mothers have a lower self-efficacy

than smoking mothers[63].

In contrast, ‘both parents smoking indoors’ considerably decreased the

contribution to the total absolute income inequality, mainly due to the large reduction in

the mother’s smoking across all SES levels. From 2001 to 2010, the prevalence of

smoking in mothers decreased (percentage change -63.3%) more than in fathers

(percentage change -34.3%) (Table 8) and in women in the general population

(percentage change -15.5%)[7,64]. This might be because the proportion of women who

quit smoking when they become pregnant considerably increased from 2001 to 2010,
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though the postpartum relapse rates remain high (approximately 43% at 18 months after

childbirth in Japan in 2009)[65].

Compared with income, educational inequalities in infants” SHS exposure

appeared to be greater in a similar manner using quartile distribution in both years in

study 1. In the case of inequalities in parental indoor smoking, nicotine dependence

might be a key factor that makes education a stronger predictor of SHS exposure than

income. School performance is an indicator of early smoking initiation, which leads to

nicotine dependence in later life[66,67]. Thus, compared with income, education level

might predict parental nicotine dependence more accurately, and this dependence is one

of the main barriers for parents to quit smoking and/or stop indoor smoking[41,60,68].

Our study can contribute to strengthen the evidence regarding the inequalities

in SHS exposure in infants, particularly regarding the importance of only father

smoking in Japan. This is the first study to report temporal changes in inequalities in

infants’ SHS exposure in Japan. Moreover, | applied the regression based indices of

inequalities (SIl and RI1), which are advantageous when comparing groups with

different population sizes[56].

Nevertheless, the study has certain limitations. First, the exposure to SHS might

have been underestimated as parental indoor smoking behavior was measured as a
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proxy measurement of SHS exposure in infants, and did not include exposure from

household members other than parents or while outside the home. However, home is

known as a primary source of SHS exposure among children[3], and more than 80% of

infants in this study did not live with adults other than their parents. Second, the

intensity of smoking in the household, such as the number of smokers or number of

cigarettes smoked, was not considered[69]. For instance, exposure from mother’s indoor

smoking might be more intense than fathers as mothers spend more time at home with

their children. Finally, SHS exposure was based solely on parental self-report without

biochemical validation, which might be less reliable for populations under pressure not

to smoke[70]. Social movements, such as a proposal to decrease children’s passive

smoking by the Japan Pediatric Society in 2002[71], might also have influenced under-

reporting. However, potential underreporting is not likely to have significantly

influenced the changes in inequality as underreporting is not different across SES

groups[72].

In conclusion, although the prevalence of SHS exposure in infants decreased

considerably from 2001 to 2010 in Japan, the relative inequalities in SHS exposure in

infants increased. In addition, ‘only father smoking indoors’ was a major source of SHS

exposure in infants and a major contributor to absolute income inequality in SHS
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exposure in infants in 2010. Further efforts are necessary to encourage parents to quit

smoking and protect infants from SHS exposure, especially in low-SES households that

include mothers who do not smoke.
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Chapter 3:

The pathways between socioeconomic status and indoor

smoking behavior among smoking parents living with young

children
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3.1 Introduction

Evidence is lacking on the mechanisms between parental socioeconomic status
(SES) and secondhand smoke (SHS) exposure among children. As parental smoking is
the main source of SHS exposure for young children[3,12,18], smoke-free homes
(voluntary rules to completely restrict indoor smoking at home) is the second best
option for smoking parents, next to smoking cessation, to protect their children from
SHS exposure. However, a previous study showed that smoking households with
children in the lowest SES were 0.43 times less likely to live in smoke-free homes
compared to smoking households in the highest SES[32]. The findings of Study 1
(Chapter 2) also suggested that social inequalities in indoor smoking behavior among
infants who live smoking parent(s) existed and even increased in both absolute and
relative terms from 2001 to 2010 (Table 4). To protect children from SHS exposure and
concurrently narrow the inequalities among children with smoking parents, it is crucial
to understand what factors mediate the pathways between SES and indoor smoking
behavior among smoking parents. Understanding these mechanisms will strongly
contribute to developing effective policies and interventions for children who are most

likely to be exposed to SHS, that is, children with low-SES smoking parents. Thus, |
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tested a hypothesized model of the pathways between SES and indoor smoking

behavior among smoking parents.

3.1.1 Hypothesized model of the pathways between SES and SHS exposure among

children

Several conceptual models have showed the possible pathways between SES and

modifiable risk factors. Among them, Adler explained that SES directly influences

environmental and psychological factors, and that environmental factors also influence

psychological factors[38]. Thus, SES indirectly influences health behaviors through

these two factors (Figure 3). | developed my model based on this concept and both

theoretical and empirical research findings regarding SES and parental smoking

behavior.
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Figure 3. Conceptual framework of this study 2
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Extracted from “the model of the pathways by which SES influences health”[38]

Descriptive and subjective social norms of smoking

According to social cognitive theory, social norms are created by perceptions of

the environment, and influence people’s health behavior[73]. Descriptive norms are

norms of “is” and characterize perceptions of what most people do. On the other hand,

subjective norms are norms of “ought” and characterize perceived approval about

performing a given behavior by significant others, such as family and friends[74]. As

low-SES smokers were more likely to belong to a pro-smoking social context compared

to high-SES smokers[75,76], they tend to overestimate the smoking prevalence[77],

thus increasing perceived social acceptability of smoking. Social norms about the

acceptability of smoking predict smoking behavior[78], and are an important

mechanism for spreading smoking behavior across close and distant social ties[79].
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Furthermore, parental social norms with regard to smoking are supposed to be one of
the mechanisms between smoke-free legislation and increased implementations of
smoke-free homes with children[80]. Therefore, I hypothesized that both descriptive
and subjective norms of smoking mediate the relationship (descriptive norms and
subjective norms, in that order) between SES and indoor smoking behavior among

smoking parents.

Then, I hypothesized that environmental variables (household indoor smoking,
smoking-related social support, and worksite smoking bans) influence social norms of
smoking, as well as mediating the association between SES and indoor smoking
behavior among smoking parents.

Household indoor smoking

Low-SES smokers are more likely to marry a smoker[81,82]. Having a smoking
partner is a strong predictor of an absence of smoking cessation and relapse[83-85], and
is also associated with an absence of quitting smoking for pregnancy among mothers of
newborns[86]. Moreover, low-SES, vs. high-SES, households with children are less
likely to restrict indoor smoking inside the house[32]. Households with sole smokers are

4.0 times more likely to implement a complete smoke-free homes than are households
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with multiple smokers[87]. Further, mothers of newborns with an indoor smoking

partner are 7.7 times more likely to smoke indoors than mothers without an indoor

smoking partner are[88].Thus, | hypothesized that indoor smoking behaviors by

household members would influence social norms of smoking, and act as a mediator in

the relationship between SES and indoor smoking behavior among smoking parents.

Smoking-related social support

Smoking-related social support by a partner has both positive and negative

impacts on smoking cessation[82]. Having a partner who supports smoking cessation

predicts cessation success[89,90], whereas one’s family’s negative behaviors, such as

nagging and complaining, are associated with failure to cease smoking[91]. The positive

or negative attitudes of family members toward smoking are also associated with

implementation of smoke-free homes[92]. Smokers in low-SES households have fewer

people who support their quitting due to the higher proportion of smokers in their social

networks[82], and this might also be true for indoor smoking behavior. Moreover,

smoking-related social support provided by a partner might decrease the perceived

approval of smoking by families, friends, and colleagues (subjective norms of

smoking). Therefore, | hypothesized that smoking-related support provided by a partner
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would influence social norms of smoking, and act as a mediator in the relationship

between SES and parental indoor smoking.

Worksite smoking bans

Low-SES workers are more likely to work at a tobacco-friendly worksite

compared with high-SES workers. Related to this, smokers employed at worksites

without strict smoking bans are less likely to quit compared with those at worksites with

strict bans[93]. A meta-analysis reported that smoke-free work policies were associated

with a median 6.4% increase in tobacco use cessation, and a median 3.4% decrease in

tobacco use prevalence[94]. Social norms on acceptability of smoking in a work unit is

considered as a mechanism of an impact of worksite smoking bans on smoking

cessation[95]. Therefore, | hypothesized that worksite smoking bans would influence

social norms of smoking, and act as a mediator in the relationship between SES and

indoor smoking behavior.

I hypothesized that knowledge about children’s SHS exposure mediates the

association between SES and indoor smoking behavior among smoking parents.

Knowledge about the risks of SHS exposure in children and precautions to avoid
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SHS exposure in children

Low-SES parents are less knowledgeable about the harmful health effects of SHS

on children, and less likely to restrict smoking at home to avoid these, compared to

high-SES parents[96]. Some disadvantaged smoking parents believe that simply

avoiding smoking in front of their children is enough, whereas other parents know that

completely restricting indoor smoking inside the house is necessary to reduce

exposure[41]. Parents” knowledge level about the health risks of SHS is associated with

SHS exposure among their children[97]. Although most parents want to protect their

children from health risks, differences in knowledge levels across social classes may

generate an unequal distribution in indoor smoking behavior. Thus, | hypothesized that

low-SES parents would be less likely to have correct knowledge about children’s SHS

exposure risks, and it leads less knowledge about precautions to take to avoid these

compared to high-SES parents, thus leading to higher rates of indoor smoking among

the former group.

The hypothesized model in Figure 4 summarizes these expected relationships. In

summary, low-SES smoking parents are assumed to have higher perceived acceptability

of smoking (subjective social norms of smoking), via the higher prevalence of smoking

within their social networks, including family, friends, and colleagues (descriptive
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social norms of smoking). Such social norms will positively affect indoor smoking,

along with likelihood of having indoor smoking household members (household indoor

smoking). Household indoor smoking will positively affect social norms of smoking

(descriptive and subjective norms of smoking), and will negatively affect support to quit

smoking by a partner (smoking-related social support). In addition, low-SES smoking

parents tend to work at tobacco-friendly worksites (worksite smoking bans), thus

leading to higher social norms of smoking (descriptive norms of smoking, subjective

norms of smoking) and indoor smoking behavior.

Moreover, low-SES smoking parents might also have lesser support from their

partner with regard to quitting smoking (smoking-related social support), and smoking-

related social support would also affect the assumption of smoking and perception of

approval by others (descriptive and subjective norms of smoking). Finally, they are

assumed to have less knowledge about the risks of SHS in children (knowledge about

the risks of SHS exposure in children), and it would lead less knowledge about

precautions that can be taken to avoid SHS exposure among children (knowledge about

precautions to avoid SHS in children), and positively affect indoor smoking behavior.
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Figure 4 Hypothesized model from SES to indoor smoking behavior
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The objective of this study 2 therefore was to test the hypothetical model of the

pathways between socioeconomic status and indoor smoking behavior among smoking

parents living with young children in Japan.

| further hypothesized that social norms of smoking mediate the association

between SES and indoor smoking behavior among smoking parents (Hypothesis 4), and

that environmental variables (household indoor smoking, smoking-related social

support, and worksite smoking bans) influence social norms of smoking, as well as
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mediating the association between SES and indoor smoking behavior among smoking
parents (Hypothesis 5). Furthermore, | hypothesized that knowledge about children’s
SHS exposure mediates the association between SES and indoor smoking behavior

among smoking parents (Hypothesis 6).
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3.2 Methods

3.2.1 Study design

This cross-sectional study was conducted using a self-administered online

questionnaire through MACROMILL (MACROMILL, Inc. Tokyo, Japan) in Japan. The

online survey is a common research tool for behavioral surveys, and has been used to

collect reliable and valid data regarding smoking behaviors from smokers[98].

The biggest advantage of using the online survey method in this study lies in its

accessibility for smokers living with young children, especially mothers. In Japan, it is

not easy to access mothers who smoke and who have young children using conventional

sampling procedure, such as a mail survey or at a baby check-up venue, due to the low

prevalence of smoking in this group (8.2% among women in 2013 and 10.4% among

mothers in 2010)[7,99]. The online survey method provides access to populations that

cannot be easily reached in other ways[100].

On the other hand, online populations have demographic biases (e.g., generally

much younger and better educated) compared to general populations due to using

convenience sampling[101]. The distribution of household income and residential area

among MACROMILL members shows a little difference from that of participants in

national representative surveys[102]. However, educational level of study participants
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(14.5 years for fathers and 12.8 years for mothers) was higher than the average among
smoking parents from the national representative survey (13.2 years for fathers and 12.1

years for mothers)[99].

3.2.2 Study participants

Among the approximately 2,000,000 members of the online survey company, |
recruited individuals who fulfilled the following inclusion criteria: (1) aged 20 to 59 for
fathers and 20 to 49 for mothers, (2) current smokers, and (3) living together with his or
her own children under 6 years old. I recruited fathers and mothers who smoke
separately, rather than from the same household, as | conducted all the analyses by
gender separately; thus, they do not comprise both members of a couple. I excluded
participants aged under 20 years old from this study, as smoking is illegal for minors
under this age in Japan, and collecting illegal information was not allowed by the survey
company. | also excluded participants who did not live with a partner in the analysis (14
fathers and 52 mothers). As smoking-related social support was related to one’s
partner’s behavior, the absence of a partner in the household would bias the effect of

these variables.
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3.2.3 Sample size estimation

I calculated the sample size using G*power version3.1.9. The prevalence of indoor
smoking behavior among smoking parents with the lowest and the highest income
levels was estimated as 42% and 28% among fathers, and 54% and 42% among mothers
by the Longitudinal Survey of Newborns in the 21% Century in 2010[99]. Thus,
standardized effect size was 0.36 for fathers and 0.24 for mothers. With a 95%
confidence interval (Cl) and 80% power, the minimal required sample size was 246
among fathers and 548 among mothers. Furthermore, regarding social norms of
smoking (the main hypothesized mediator), the mean score for subjective norms of
smoking was 2.70 (SD 1.01) among smoking men and 2.97 (SD 1.02) among smoking
women in a previous study[103]. Thus, the standardized effect size was 0.26 for men
and 0.29 for women. With a 95% confidence interval (Cl) and 80% power, the minimal
required sample size was 468 among fathers and 376 among mothers. To account for
non-eligible participants and responses that would need to be discarded due to missing
information, | decided on a sample size of 800 fathers and 800 mothers.

| also calculated minimum sample size for the robustness of structural equation

modeling (SEM) using Kim’s equation 7, where 014 is the critical non-centrality

parameter, ¢ is the population Root Mean Square Error of Approximation (RMSEA),
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and df is the degrees of freedom[104]:

S1-p 24.547
Ne= +1 = —————— +1 =318
& df 0.05 (31)

The hypothesized model (Figure 4) considers 12 measured variables (1 primary

independent variable, 1 primary dependent variable, 7 mediating variables, and 3

confounding variables) with 31 df. According to the list of critical non-centrality

parameters supplied by Kim, d1.4 = 24.547 for power = 0.80[104]. Thus, the proposed

minimum sample size to achieve a power of 0.80 and RMSEA of 0.05 was 318 people,

which were smaller than the required minimal sample size for expected effect size.

3.2.4 Data collection

In September 2014, | collected data from registered MACROMILL members.

The survey consisted of two phases: the screening survey (four questions to screen for

eligibility) and the main survey. The data collection procedure was as follows (Figure

5). First, the company sent emails to randomly selected members who have children and

aged 20 to 59 for fathers and 20 to 49 for mothers from about 2,000,000 overall

members. Second, the members who are interested in the survey accessed the webpage.

On the online information sheet, | requested a participation in the screening survey and

the following main survey if they met all inclusion criterion. Third, the members who
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agreed the participation pressed the agree button and responded to online screening

questionnaire with three questions. Fourth, after closing the screening survey, the

company checked the eligibility of participants (i.e., current smokers who are living

with at least one child under six years old in the same house) and sent the e-mail to

request the participation in the main survey for those who met all inclusion criterion.

Fifth, the participants who received the e-mail voluntarily accessed the webpage again,

and responded to questionnaire by entering the answers directly on the main survey

form on the web. Responding took about 15 to 20 minutes. Finally, the company closed

the survey when the number of eligible respondents reached 800 in each gender group,

after those who responded to the items too quickly were removed.
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Figure 5 Data collection procedure
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3.2.5 Measures

3.2.5.1 SES

| used education year and household income as SES measures.

Education year: | calculated education year based on the participants’

educational attainment: 9 years for middle-school graduate, 12 years for high-school

graduate, 14 years for having completed some college, 16 years for university graduate,

and 18 years for postgraduate. 1 did not count dropping out as graduation and, thus,

moved these individual to one education level lower (e.g., individuals who dropped out

of university were assigned to the 12 education years).

Household income: | calculated the annual equivalent per capita household

income in 2013 by dividing the annual household income by the square root of the

number of persons living in the household. Then, I categorized the responses into

quartiles in each gender group. The response options for annual household income were

as follows: (1) no income, (2) 1,000,000 yen or less, (3) 1,000,000 yen to less than

2,000,000 yen, (4) 2,000,000 yen to less than 3,000,000 yen, (5) 3,000,000 yen to less

than 4,000,000 yen, (6) 4,000,000 yen to less than 5,000,000 yen, (7) 5,000,000 yen to

less than 6,000,000 yen, (8) 6,000,000 yen to less than 7,000,000 yen, (9) 7,000,000 yen

to less than 8,000,000 yen, (10) 8,000,000 yen to less than 9,000,000 yen, (11)
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9,000,000 yen to less than 10,000,000 yen, (12) 10,000,000 yen to less than 11,000,000

yen, (13) 11,000,000 yen to less than 12,000,000 yen, (14) 12,000,000 yen to less than

13,000,000 yen, (15) over 13,000,000 yen, and (16) do not want to answer/do not know.

| assigned the household income values of all participants based on the mid-point of

each income category.

3.2.5.2 Indoor smoking behavior

I measured parental indoor smoking behavior as a proxy of children’s SHS

exposure because it is significantly associated with biochemically measured SHS

exposure in children. Among children whose parent(s) smoke indoors, 91.6% had a

medium or high saliva cotinine level (> 0.10 ng/ml)[52].

| assessed self-reported smoking behavior inside the house with one question,

based on a previous study[105]: “Do you smoke cigarettes inside the house?”” The

response options were “1 = every day,” “2 = more than once per week,” “3 = more than

once per month,” “4 = several times per year,” and “5 = never.” I then categorized

indoor smoking as follows: 1) indoor smoking (participants who smoked inside the

house every day or more than once per week), and 2) no indoor smoking (participants

who smoked inside the house more than once per month, several times per year, or
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never).

3.2.5.3 Possible mediating factors

I measured the following seven possible mediating factors in the relationship

between SES and indoor smoking.

Descriptive social norms of smoking: | used six items to measure descriptive

norms, based on a previous study about anti-smoking norms[106]. The definition of

descriptive norms of smoking in this study is the perception of how many other people

smoke (including close social network and the general public)[107]. I asked participants

to estimate what percentage of different groups of people would smoke, using the

question “How many (of your friends/typical Japanese men or women/typical Japanese

men or women in your generation) do you think would smoke?”” Responses were made

on a 7-point Likert scale ranging from “1 = 0% to “7 = 100%,” in 20-point increments.

I also asked the same question regarding how many indoor smokers at home there

would be among (your friends/typical Japanese men or women/typical Japanese men or

women in your generation). For this question, I added one further response option (“8 =

none of my friends smoke”) and replaced this with 0% when calculating the average

score. | then calculated the average score for all response items, where a higher score
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indicates having higher pro-smoking norms. The internal reliabilities (Cronbach’s

alpha) were 0.87 among fathers and 0.86 among mothers.

Subjective social norms of smoking: | used the following 12 items to measure

subjective norms, based on a previous study about anti-smoking norms[106]. The

definition of subjective norms of smoking in this study is the perception of what

significant others approve of one’s own smoking behavior[106]. The questions were

“To what extent do/does your (friends/family/colleagues) approve of the following

behaviors you engage in: (1) smoking; (2) smoking in your house; (3) smoking in front

of others (or public places); and (4) smoking in your workplace?”” Responses were made

on a 5-point Likert scale ranging from “1 = strongly disapprove” to “5 = strongly

approve.” If the participants were unemployed, the online questionnaire automatically

skipped the three questions about smoking in the workplace and the three questions

about approval of smoking behavior by colleagues. | then calculated the average scores

for all response items, where a higher score indicates having higher pro-smoking norms.

The internal reliabilities (Cronbach’s alpha) were 0.92 among fathers and 0.93 among

mothers.

Household indoor smoking: | assessed indoor smoking behavior among

household members by self-reported responses. First, | asked about the number of
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cohabiting household members. Then, | asked if they were current smokers; if they
were, | asked if they smoked indoors. On the basis of the responses, | formed the
following household indoor smoking categories: (1) at least one household member
smokes indoors; and (2) none of the members of the household smokes indoors.

Smoking-related social support: | assessed smoking-related social support using
the Partner Interaction Questionnaire (P1Q), which is a 76-item scale that was
originally developed to measure positive and negative perceived support for smoking
cessation from one’s spouse or partner[108]. The scale was later abbreviated to 20 items
(P1Q-20)[91], and then to 10 items (P1Q-10) five of which are positive and five
negative[109]. To minimize the burden on participants and maintain the quality of their
responses, | used the P1Q-10 in this study. I translated all of the questions into Japanese
and checked the accuracy using the back-translation method.

| asked participants to answer the questions with regard to smoking-related
support from their spouse or partner. If they did not have a spouse or partner, | asked
them to pick the person, friend, or relative who would follow their smoking behavior
most closely[91]. Participants provided the frequency with which their
spouse/partner/significant other had performed certain smoking-related support

behaviors (e.g., giving compliments for not smoking [positive behavior], talking the
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participant out of smoking a cigarette [negative behavior]) in the last month. Responses

were made on a 5-point Likert scale ranging from “1 = never” to “5 = very often.” The

total score is calculated by summing scores for the five positive (range = 5-25) and five

negative (range = 5-25) items separately. Then I calculated smoking-related social

support score (range = 0.2-5) by multiplying the positive total score by the negative

total score. The ratio of positive/negative support is a better predictor of abstinence than

either positive or negative score alone[91]. The internal reliabilities (Cronbach’s alpha)

were 0.91 for the positive scale and 0.91 for the negative scale among fathers and 0.87

for the positive scale and 0.89 for the negative scale among mothers.

Worksite smoking bans: | measured worksite smoking bans using the following

question, which was developed in previous research in Japan[110]: “Which of the

following statements best describes the rules about smoking bans in your workplace?”

The response options were “1 = complete smoking bans in the area,” “2 = complete

smoking bans inside the building,” “3 = separation of smoking areas (smoking room

and corner),” “4 = no smoking bans,” “5S = no workplace (e.g., working in the home).”

The responses were divided into the following three categories: (1) complete bans (1

and 2 ratings); (2) partial bans (3 rating); and (3) no bans (4 and 5 ratings). While most

of the fathers were employed (employment rate: 98.0%), over half of the mothers were

65



unemployed in the participants (employment rate: 44.4%). However, | included

unemployed participants in the analysis and categorized as (3) no bans, because my

interest was whether or not they were exposed to smoke-free policies every weekday.

Knowledge about the risks of SHS exposure in children: | used five items to

measure knowledge about SHS risks by revising questions that were used in previous

studies so that these related more specifically to SHS knowledge in regard to

children[111,112]. The questions described the effects of SHS on sudden infant death

syndrome, asthma induction and exacerbation, bronchitis, middle ear infection, and

likelihood of becoming a smoker in the future. The response options were “1 = correct,”

“2 =incorrect,” and “3 = don’t know.” The total score is calculated by summing scores

for the correct items (range = 0-5). The internal reliabilities (Cronbach’s alpha) were

0.80 among fathers and 0.71 for mothers.

Knowledge about precautions to avoid SHS exposure in children: | used three

items to measure knowledge about precautions to avoid SHS exposure among children,

based on previous studies about misconceptions in this regard among parents in

Japan[113-115]. The questions were “Do you think the following sentences are correct

or incorrect? ‘We can avoid SHS among children by permitting smoking only in certain

rooms/installing an electronic air cleaner/moving a fan’.” The response options were “1
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= correct,” “2 = incorrect,” and “3 = don’t know.” The total score is calculated by

summing scores for the incorrect items (range = 0-3). The internal reliabilities

(Cronbach’s alpha) were 0.80 among fathers and 0.79 for mothers.

3.2.5.4 Socio-demographic variables

I assessed participants’ age, marital status, and age of the youngest children living

at home as socio-demographic variables, and adjusted for these in analyzing both father

and mother models.

3.2.6 Questionnaire

| used a structured questionnaire in Japanese for data collection. | applied

validated and widely used scales for environmental and psychological variables, which

were possible mediators of the examined relationship. For the scale that had not been

validated in Japanese (smoking-related social support), translation and back-translation

was undertaken by bilingual speakers of Japanese and English. For variables that had no

validated scale (social norms and knowledge), | developed the questions based on the

previous literature, as mentioned in the “Measures” subsection of the Method.

To check the flow of questionnaire and readability and acceptability of the
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contents of the questionnaire, several professional researchers reviewed the
questionnaire including tobacco control expert, public health researchers, and
economics researcher. Two professional community workers with experience in
supporting disadvantaged households with young children also reviewed the four items
regarding indoor smoking to ensure that they reflected the real living environments
among disadvantaged households. On the basis of comments from these reviewers, |
revised the questionnaires before conducting a pilot study among 40 members (20 of
each gender).

To assess the reliability, I calculated Cronbach’s alpha for each possible
mediating variable except for categorical variables (household indoor smoking, and

worksite smoking bans). | considered 0.70 as an acceptable value of alpha[116].

3.2.7 Statistical analyses

| tested the bivariate associations between SES and the mediating variables using t
tests and chi-square tests () as appropriate. Then, | tested bivariate regression analysis
of the associations between SES/possible mediating variables and indoor smoking
behavior, and the associations between SES and possible mediating variables. 1 also

calculated Pearson’s correlations between mediating variables. | conducted all bivariate
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analyses with Stata version 13.0.

Next, | applied the SEM approach to test the hypothesized model using Mplus 7.0

software package. The biggest advantage of applying the SEM approach in this study is

that it can be used to test overall models rather than individual coefficients,

incorporating multiple dependents as well as mediating variables. The model was

constructed with pathways from SES to indoor smoking behavior, with the 7 mediating

factors included. | used weighted least squares with robust standard errors (WLSMV)

parameter estimation to estimate free parameters in the analysis, as the dependent

variable (indoor smoking behavior) is categorical.

| tested the hypothesized model in each gender group separately, and identified

gender differences in the relationships among variables. | used three model fit statistics

that are commonly used in SEM: Bentler’s comparative fit index (CIF), Tucker-Lewis

index (TLI), and RMSEA. The following model fit indices are recommended as

indicating good model fit: CFI > 0.95, TLI > 0.95, and RMSEA < 0.06[117].

I used the full information maximum likelihood estimator to account for missing

data. This estimator shows less bias and is more efficient than other methods, including

the listwise deletion approach[118]. In this study, only the household income variable

had missing data (41 missing [5.0%] for fathers, 62 missing [7.8%] for mothers). |
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assumed that these were missing at random as non-completion of this variable was not

significantly associated with indoor smoking behavior (p = 0.81 for fathers, p = 0.88 for

mothers).

3.2.8 Ethical considerations

On the online information sheet that appeared prior to the screening and main

surveys, | informed the participants that (1) participation in the study was completely

voluntary and they were free to withdraw at any time without any consequences, (2) all

responses would be kept confidential and the study results would be anonymous, and

(3) collected data will be used for scientific purposes only (Appendices 3-5). | required

participants who agreed with participation to press an “agree” button instead of

providing a signature. Those who pressed the “agree” button could then access the

online questionnaire.

The online survey company paid reward points to participants who completed the

whole questionnaire, which could then be used for online shopping. This study was

approved by the Research Ethics Committee of the Graduate School of Medicine at The

University of Tokyo, Japan (approval number: 10603).
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3.3 Results

3.3.1 Descriptive characteristics of the study participants

Table 9 shows the descriptive characteristics of the study participants by gender.

The mean age was 38.9 years old (SD 6.8) for fathers and 31.6 years old (SD 5.9) for

mothers. Most of fathers (99.3%) and mothers (99.4%) were married. The mean age of

the youngest child was 3.1 years old (SD 2.0) for fathers and 2.4 years old (SD 2.0) for

mothers.

The mean education year was 14.5 years (SD 2.1) for fathers and 12.8 years

(SD 2.1) for mothers, and the mean annual equivalent household income per capita was

3,300,273 yen for fathers (SD 1,528,064) and 2,550,084 yen for mothers (SD

1,308,352). The lowest quartile of annual equivalent household income per capita was

2,020,000 yen or less, low quartile income was from 2,250,000 yen to 3,170,000 yen,

high quartile income was from 3,180,000 yen to 3,890,000 yen, and the highest quartile

income was 4,250,000 yen or more for fathers; and the lowest quartile of annual

equivalent household income was 1,700,000 yen or less, low quartile income was from

1,750,000 yen to 2,080,000 yen, high quartile income was from 2,250,000 yen to

3,060,000 yen, and the highest quartile income was 3,180,000 yen or more for mothers.
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Most fathers (98.3%) were employed, while over half (55.6%) of the mothers were

unemployed.
The prevalence of indoor smoking was much higher among mothers (63.7%)
than fathers (35.8%). Most fathers (84.3%) did not live with smoking household

members, while over half of mothers (58.5%) live with smoking household members.
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Table 9 Characteristics of the study participants by gender

Fathers n=810

Mothers n=772

Socio-economic status

Range Mean SD Range Mean SD p -value a)
Education year 9-18 145 21 9-18 12.8 21 <0.001*
Equivalent household income (thousand yen) 0-9,550 3,302 1,528 0-8,840 2,550 1,308 <0.001*
n % n %
Equivalent household income (quartile)
Lowest 172 212 157 20.3
Low 192 23.7 161 20.9
High 193 23.8 189 245
Highest 213 26.3 208 26.9
Missing 40 49 57 7.4
Employment status <0.001*
Unemployed 14 1.7 429 55.6
Employed 796 98.3 343 444
Possible mediating factors
Range Mean SD Range Mean SD
Knowledge about the risks of SHS expousre in 0-5 25 1.8 0-5 3.0 15 <0.001*
children
Knowledge about precautions to avoid SHS in 0-3 13 12 0-3 14 12 0.962
children
Descriptive social norms 1-7 3.4 0.9 1-6.8 3.5 11 0.020*
Subjective social norms 1-5 3.2 0.7 1-5 3.3 0.9 0.083
Smoking-related social support 0.2-5 0.8 0.3 0.2-5 1.0 0.4 <0.001*
n % n %
Household members smoke indoors <0.001*
No or not living with a partner 683 84.3 320 415
Yes 127 15.7 452 58.5
Smoking bans at worksite <0.001*
No smoking bans or no worksite or unemployed 147 18.1 504 65.3
Separation of smoking areas 513 63.3 189 245
Complete smoking bans inside the building or area 150 18.5 79 10.2
Socio-demographic status
Range Mean SD Range Mean SD
Age (years) <0.001*
20-59 38.9 6.8 20-49 316 5.9
Age of the youngest child (years) <0.001*
0-6 31 2.0 0-6 24 2.0
n % n %
Marital status 0.824
Unmarried 6 0.7 5 0.6
Married 804 99.3 767 99.4
Smokes indoors <0.001*
No 520 64.2 280 36.3
Yes 290 35.8 492 63.7
*p<0.05

a) p-value is based on t-test for continuous variables and chi-square test for categorical variables

between fathers and mothers.
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3.3.2 Bivariate associations between SES/possible mediating variables and indoor

smoking behavior

Tables 10 and 11 show the results of bivariate regression analysis of associations

between SES and indoor smoking behavior by gender. For both fathers and mothers

who smoke, a lower income and education were significantly associated with indoor

smoking behavior. Tables 10 and 11 also show the results of bivariate associations

between possible mediating variables and indoor smoking behavior by gender. For

fathers who smoke, indoor smoking behavior was negatively associated with better

knowledge about the risks of SHS exposure and better knowledge about precautions to

avoid SHS exposure, and positively associated with higher descriptive norms, higher

subjective norms, higher smoking-related social support, worksite smoking bans, and

household indoor smoking.

For mothers who smoke, indoor smoking behavior was negatively associated with

better knowledge about precautions to avoid SHS exposure in children, and positively

associated with higher descriptive norms, higher subjective norms, and household

indoor smoking. No statistically significant associations were detected between indoor

smoking behavior and knowledge about the risks of SHS exposure, smoking-related

social support, or worksite smoking bans.
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Table 10 Results of the regression analysis of indoor smoking behavior among fathers

Fathers n=810
Smokes indoors
Yes No P -value
Socio-economic status
Mean Coefficient
Education year 14.2 14.7 -0.02 0.003*
Equivalent household income (thousand yen) 3,130 3,395 -0.01 0.021*
Percent OR
Equivalent household income (quartile)
Lowest 47.1 52.9 1.00
Low 32.3 67.7 0.54 0.004*
High 34.2 65.8 0.58 0.012*
Highest 315 68.5 0.52 0.002*
Missing 35.0 65.0 0.60 0.168
Possible mediating variables
Mean Coefficient
Knowledge about the risks of SHS expousre in children 24 2.6 -0.02 0.039*
Knowledge about precautions to avoid SHS in children 1.2 14 -0.03 0.032*
Descriptive social norms 3.6 3.3 0.08 <0.001*
Subjective social norms 3.4 31 0.14 <0.001*
Smoking-related social support 0.8 0.9 0.09 <0.001*
Percent OR
Worksite smoking bans
No smoking bans or no worksite or unemployed 43.5 56.5 1.00
Separation of smoking areas 335 66.5 0.65 0.026*
Complete smoking bans inside the building or the area 36.0 64.0 0.73 0.185
Household members smoke indoors <0.001*
No or not living with an adult 28.0 72.0 1.00
Yes 78.0 22.0 9.11
Socio-demographic status
Mean Coefficient
Age (years) 39.7 385 0.01 0.016*
Age of the youngest child (years) 35 2.8 0.04 <0.001*
Percent OR
Marital status 0.044 *
Unmarried 83.3 16.7 1.00
Married 35.5 64.6 0.11
OR: odds ratio
*p<0.05
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Table 11 Results of the regression analysis of indoor smoking behavior among mothers

Mothers n=772

Smokes indoors

Yes No P -value
Socio-economic status
Mean Coefficient
Education year 12.6 13.2 -0.03 <0.001*
Equivalent household income (thousand yen) 2474 2,684 -0.01 0.039*
Percent OR
Equivalent household income (quartile)
Lowest 68.8 312 1.00
Low 64.0 36.0 0.81 0.364
High 66.7 333 0.91 0.674
Highest 56.7 43.3 0.59 0.019*
Missing 64.9 35.1 0.84 0.592
Possible mediating variables
Mean Coefficient
Knowledge about the risks of SHS expousre in children 3.0 31 -0.02 0.117
Knowledge about precautions to avoid SHS in children 1.3 15 -0.04 0.005*
Descriptive social norms 3.7 3.2 0.09 <0.001*
Subjective social norms 3.4 3.0 0.12 <0.001*
Smoking-related social support 1.0 1.0 0.01 0.909
Percent OR
Worksite smoking bans
No smoking bans or no worksite or unemployed 6.7 93.3 1.00
Separation of smoking areas 58.7 41.3 0.71 0.052
Complete smoking bans inside the building or the area 57.0 43.0 0.66 0.093
Household members smoke indoors <0.001*
No or not living with an adult 30.3 69.7 1.00
Yes 87.4 12.6 15.93
Socio-demographic status
Mean Coefficient
Age (years) 313 321 0.01 0.136
Age of the youngest child (years) 2.5 2.4 0.01 0.654
Percent OR
Marital status 0.862
Unmarried 60.0 40.0 1.00
Married 63.8 36.2 117
OR: odds ratio
*p<0.05
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3.3.3 Bivariate associations between SES and possible mediating variables

Tables 12 and 13 show the results of bivariate regression analysis between SES

and possible mediating variables. Among fathers who smoke (Table 12), education year

was positively associated with better knowledge about the risks of SHS exposure and

worksite smoking bans. In contrast, education year was negatively associated with

higher descriptive norms, higher subjective norms, higher social stress, and household

indoor smoking. No statistically significant associations were detected between

education year and knowledge about precautions to avoid SHS in children, or smoking-

related social support. Household income was positively associated with higher general

social support and worksite smoking bans. In contrast, household income was

negatively associated with higher descriptive norms, higher subjective norms, and

higher social stress. No statistically significant associations were detected between

household income and knowledge about the risks of SHS exposure, knowledge about

precautions to avoid SHS, smoking-related social support, or household indoor

smoking.

Among mothers who smoked (Table 13), education year was positively associated

with better knowledge about the risks of SHS exposure, and worksite smoking bans. In

contrast, education year was negatively associated with higher descriptive norms, higher
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subjective norms, and household indoor smoking. No statistically significant

associations were detected between education year and knowledge about precautions to

avoid SHS, or smoking-related social support. Household income was positively

associated with worksite smoking bans. In contrast, household income was negatively

associated with higher descriptive norms and household indoor smoking. No

statistically significant associations were detected between household income and

knowledge about the risks of SHS exposure, knowledge about precautions to avoid

SHS, subjective norms, or smoking-related social support.

Tables 14 and 15 show Pearson’s correlations of possible mediating variables

among fathers and mothers.
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Table 12 Results of the regression analysis of possible mediating variables as dependent

variables among fathers

Eductinoal year

Household income

(n=810) (n=770)

Coefficient P -value Coefficient P -value
Possible mediating factors
Knowledge abF)ut the risks of SHS 0.07 0.018* 0.08 0.178
expousre in children
ggc;v:rlleggield?:gut precautions to avoid 001 0.808 0.05 0.950
Descriptive social norms -0.12 <0.001* -0.15 <0.001*
Subjective social norms -0.03 0.008* -0.05 0.028*
Smoking-related social support 0.01 0.401 -0.01 0.669
Smoking bans at worksite 0.09 <0.001* 0.12 <0.001*
Household members smoke indoors -0.02 <0.001* -0.02 0.080
Socio-demographic status
Age 0.33 0.004* 1.16 <0.001*
The youngest age of child 0.03 0.348 0.15 0.023*
Marital status -0.01 0.566 -0.01 0.097

*p <0.05

Table 13 Results of the regression analysis of possible mediating variables as dependent

variables among mothers

Eductinoal year

Household income

(n=772) (n=715)

Coefficient P -value Coefficient P -value
Possible mediating factors
Knowledge abput the risks of SHS 0.07 0.008* 0.01 0.798
expousre in children
Knowledge about precautions to avoid
SHS in children 0.03 0.167 0.05 0.198
Descriptive social norms -0.16 <0.001* -0.20 <0.001*
Subjective social norms -0.09 <0.001* -0.04 0.156
Smoking-related social support -0.01 0.565 -0.01 0.722
Smoking bans at worksite 0.06 <0.001* 0.11 <0.001*
Household members smoke indoors -0.04 <0.001* -0.04 0.018*
Socio-demographic status
Age 0.72 <0.001* 1.33 <0.001*
The youngest age of child 0.11 0.001* 0.38 <0.001*
Marital status 0.01 0.270 0.00 0.501

*p <0.05
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Table 14 Pearson’s correlations of possible mediating variables among fathers

1 2 3 4 5 6

Possible mediating factors

1 Knowledge abouit the risks of SHS expousre in children —

2 Knowledge abour precautions to avoid SHS in children 0.18*** —

3 Descriptive social norms -0.06 0.01 —

4 Subjective social norms -0.06 -0.02 0.22*** —

5 Smoking-related social support 0.01 -0.09* 0.04 0.07* —

6 Smoking bans at worksite 0.06 0.07* -0.13*** -0.09* 0.04 —

7 Household members smoke indoors -0.01 0.01 0.18*** (0.18*** 0.12*** -0.06
*p<0.05 **p<0.01, *** p<0.001

Table 15 Pearson’s correlations of possible mediating variables among mothers

1 2 3 4 5 6

Possible mediating factors

1 Knowledge about the risks of SHS expousre in children —

2 Knowledge abour precautions to avoid SHS in children 0.17*** —

3 Descriptive social norms -0.11*** -0.04 —

4 Subjective social norms -0.12*** -0.03 0.38*** —

5 Smoking-related social support -0.01 0.01 0.10**  0.18*** —

6 Smoking bans at worksite 0.03 0.04 -0.13*** -0.14*** 0.02 -

7 Household members smoke indoors -0.04 -0.09* 0.21*** (0.25*** (0.11** -0.02
*p<0.05 **p<0.01, *** p<0.001
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3.3.4 Path analysis for the hypothesized models
3.3.4.1 Education model

First, | conducted a path analysis of hypothesized model (Figure 4) using the
SEM approach with education year as the primary independent variable. Figure 6 shows
the standardized estimates of the path coefficients in the final model among fathers who
smoke. The WLSMV estimation showed acceptable model fit values: RMSEA = 0.001,
CFI =1.000, and TLI = 1.003. Education year was negatively associated with higher
descriptive norms and descriptive norms were positively associated with indoor
smoking behavior via the mediator of higher subjective norms. Furthermore, household
indoor smoking was positively associated with both descriptive and subjective social
norms of smoking, but smoking-related support and worksite smoking bans were not
associated with either descriptive or subjective social norms of smoking. In addition,
education year was negatively associated with better knowledge about the risks, and it
was positively associated with indoor smoking behavior via the mediator of knowledge
about precautions. The variables in the model accounted for 46.4% of the variance in

indoor smoking behavior (R? = 0.464).
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Figure 6. Model of the pathways between education year and indoor smoking behavior
among smoking fathers.
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The analysis was adjusted by age, marital status, and age of the youngest child.
Path coefficient scores are provided on paths with standardized coefficients.
Dotted lines denote non-significant paths (p > 0.05). (n = 810; R? = 0.464)

Figure 7 shows the standardized estimates of path coefficients in the
hypothesized model among mothers who smoke. The WLSMV estimation showed
acceptable model fit values: RMSEA = 0.031, CFI =0.978, and TLI = 0.955. Education
year was negatively associated with higher descriptive norms and descriptive norms
were positively associated with subjective norms, but they were not significantly
associated with indoor smoking behavior. Furthermore, household indoor smoking and

worksite smoking bans were positively associated with one or both social norms of
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smoking, but smoking-related support was not associated with either descriptive or
subjective norms of smoking. In addition, education year was positively associated with
better knowledge about the risks of SHS, and it was negatively associated with indoor
smoking behavior via knowledge about precautions to avoid SHS exposure. The
variables in the model accounted for 68.4% of the variance in indoor smoking behavior
(R? = 0.684). The direct effect of education year on indoor smoking was not statistically
significant for either fathers or mothers.

Therefore, for educational model, my fourth hypothesis (social norms of
smoking mediate the association between SES and indoor smoking behavior among
smoking parents) was supported only among fathers. My fifth hypothesis
(environmental variables (household indoor smoking, smoking-related social support,
and worksite smoking bans) influence social norms of smoking, and also mediate the
association between SES and indoor smoking behavior among smoking parents) was
supported, except for smoking-related social support. Finally, my sixth hypothesis
(knowledge about children’s SHS exposure mediates the association between SES and

indoor smoking behavior among smoking parents) was supported.
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Figure 7. Model of the pathways between education year and indoor smoking behavior
among smoking mothers.
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3.3.4.2 Household income model

Figure 8 shows the standardized estimates of path coefficients in the
hypothesized model among mothers who smoke. The WLSMV estimation showed
acceptable model fit values: RMSEA = 0.013, CFI =0.992, and TLI = 0.983. Household
income was negatively associated with higher descriptive norms and descriptive norms
were positively associated with indoor smoking behavior via the mediator of higher
subjective norms. Furthermore, household indoor smoking and worksite smoking bans
were positively associated with one or both social norms of smoking, but smoking-
related support was not associated with either descriptive or subjective norms of
smoking. In addition, education year was positively associated with better knowledge
about the risks of SHS, and it was negatively associated with indoor smoking behavior
via the mediator of knowledge about precautions. The variables in the model accounted

for 46.9% of the variance in indoor smoking behavior (R? = 0.469).
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Figure 8. Model of the pathways between household income and indoor smoking
behavior among smoking fathers
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Path coefficient scores are provided on paths with standardized coefficients.
Dotted lines denote non-significant paths (p > 0.05). (n = 810; R? = 0.469)

Figure 9 shows the standardized estimates of path coefficients in the
hypothesized model among mothers who smoke. The WLSMV estimation showed
acceptable model fit values: RMSEA = 0.038, CFI = 0.965, and TLI = 0.929. Household
income was negatively associated with higher descriptive norms and descriptive norms
were positively associated with subjective norms, but they were not significantly

associated with indoor smoking behavior. Furthermore, household indoor smoking and
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worksite smoking bans were positively associated with both social norms of smoking,
but smoking-related support was not associated with either descriptive or subjective
norms of smoking. In addition, education year was not positively associated with better
knowledge about the risks of SHS, although it was negatively associated with indoor
smoking behavior via the mediator of knowledge about precautions to avoid SHS
exposure. The variables in the model accounted for 68.7% of the variance in indoor
smoking behavior (R? = 0.687). The direct effect of household income on indoor
smoking was not statistically significant for either fathers or mothers.

Therefore, for household income model, my fourth hypothesis (social norms of
smoking mediate the association between SES and indoor smoking behavior among
smoking parents) was supported only among fathers. My fifth hypothesis
(environmental factors (household indoor smoking, smoking-related social support, and
worksite smoking bans) influence social norms of smoking, and also mediate the
association between SES and indoor smoking behavior among smoking parents) was
supported, except for smoking-related social support. Finally, my sixth hypothesis
(knowledge about children’s SHS exposure mediates the association between SES and

indoor smoking behavior among smoking parents) was supported only among fathers.
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Figure 9. Model of the pathways between household income and indoor smoking
behavior among smoking mothers.
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The analysis was adjusted by age, marital status, and age of the youngest child.
Path coefficient scores are provided on paths with standardized coefficients.
Dotted lines denote non-significant paths (p > 0.05). (n = 772; R? = 0.687)

In all models for education and household income, age was adjusted as a
confounding variable in the relationship between SES and indoor smoking, and a
predictor variable of all possible mediating variables. The age of the youngest child and

marital status were adjusted as predictor variables of indoor smoking behavior.
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3.4 Discussion

The proposed final models indicates that social norms of smoking mediated the

pathways between SES and indoor smoking behavior among fathers who smoke, and

knowledge about children’s SHS exposure mediated the pathways among parents who

smoke. In the same pathway models, social norms of smoking were positively

associated with household indoor smoking and negatively associated with worksite

smoking bans.

To the best of my knowledge, this is the first study to test the pathways between

SES and indoor smoking behavior among smoking parents living with their own

children. Previous studies identified that social norms[37] and health concerns[37]

mediate the pathways between SES and smoking behavior (e.g., smoking cessation),

and the findings in this study extended the evidence to indoor smoking behavior among

parents who smoke.

3.4.1 Social norms of smoking

Descriptive and subjective norms of smoking mediated the pathways between

SES and indoor smoking behavior among fathers, but not mothers. Compared with

fathers who smoke in the high-SES group, low-SES smoking fathers were more likely
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to estimate a higher prevalence of smoking among others (descriptive norms) and
tended to receive higher approval of smoking behavior from significant others
(subjective norms), making them more likely to smoke indoors. Previous studies also
support this finding, with SES indicators are predictors of descriptive norms of
smoking[77], and social norms regarding what ought to be done (subjective norms)
predict smoking cessation more strongly than the actions that most people engage in
(descriptive norms)[107]. But this study extended the evidence for social norms as a
mediator between SES and indoor smoking behavior among smoking parents. For
smoking fathers, the desire to be seen by family and friends to act in acceptable way in
their social context would promote or inhibit to smoke inside the house[119].

Contrary to my hypothesis, social norms of smoking did not mediate the pathways
among mothers who smoke. Although low-SES mothers were more likely to have pro-
smoking norms, this was not associated with their indoor smoking behaviors. One
possible explanation for this finding is that participants in this study (current smoking
mothers) might already be resistant to social pressure to quit smoking because they are a
minority group, even in the lowest SES group in Japan. Thus, they might not care
whether or not their family or friends accept their smoking behavior when they smoke

indoors. Rather, low-SES mothers might perceive that smoking at home is a necessary
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daily habit that brings them emotional relief[120].

3.4.2 Environmental variables and social norms of smoking

Descriptive and subjective norms of smoking were associated with environmental

variables (household indoor smoking and worksite smoking bans). Worksite smoking

bans are effective to facilitate smoking cessation among parents who smoke[121], and

changing social norms of pro-smoking attitudes may be a mechanism for this

association[93]. This study suggests that the effects of worksite smoking bans may not

only contribute to smoking cessation, but also help smoking fathers to stop indoor

smoking, even if they cannot entirely quit smoking. Similarly, watching smoking

behaviors of household members provides consensus information about what is

acceptable, and may motivate fathers to engage in the same behavior[103,122]. Thus, to

discourage pro-smoking norms among low-SES fathers, it would be effective to address

smoking behavior among household members and work colleagues[123].

Furthermore, household indoor smoking also directly mediated the pathways

between SES and indoor smoking behavior. It is well known that smokers are more

likely to have a smoking partner than are non-smokers[81]. This study showed that the

association of indoor smoking behavior between couples or families was stronger
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among low-SES parents, which suggests the need to consider the mutual effects of

smoking behavior between parents in this group[124]. According to a study which

examined the person-to-person spread of smoking behavior, smokers in interconnected

groups (such as a partner, siblings, and friends) share social norms of smoking and

change their smoking behavior in concert[79]. In the same way, high-SES smoking

parents might be more likely to stop their indoor smoking than low-SES parents, as they

share less pro-smoking norms with their families.

In the father model, the association between smoking-related support and indoor

smoking behavior showed unexpected direction. Smoking-related support (i.e., the

positive support score multiplied by the negative support score) was positively

associated with indoor smoking behavior. This finding is inconsistent with previous

studies about smoking cessation, which showed that positive support predicted

successful quitting[90,109], whereas negative support predicted relapse[84,125]. It is

puzzling that partner’s positive support was positively associated with indoor smoking

behavior. Smoking behavior change would vary depend on the couples’ dynamics

including disengaged, conflictual, or accommodating relationship regarding tobacco

use[124]. Further study is needed to determine the mechanisms of this unexpected

relationship among fathers who smoke.
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3.4.3 Knowledge about SHS exposure among children

Knowledge about SHS exposure among children also mediated the relationship

between SES and indoor smoking behavior. While over 60% of fathers and nearly 80%

of mothers knew that SHS exposure increases the risk of bronchitis and asthma among

children, the percentage who knew this was approximately 40% among fathers who had

a middle school education year or less. Along with expanding tobacco control measures,

knowledge about SHS risks has greatly improved among the general population[126].

However, this finding suggested that the level of knowledge differs by SES among

smoking parents[96], and knowledge about precautions to avoid SHS was positively

associated with indoor smoking behavior. The knowledge does not necessarily predict

behavior change for their own health, but it might do so in the case of their children’s

health. In Japan, the concept of smoke-free homes has not been disseminated well, and

smoking under the kitchen extractor fan is common in households with children[127].

Thus, many low-SES parents might mistakenly believe that such a partial smoking ban

is effective. While most parents implement their own way to protect their children from

health risks, different levels of accurate knowledge across social classes may generate

an unequal distribution in indoor smoking behavior. Thus, to narrow the inequalities in
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parental indoor smoking behavior, it would be effective to improve knowledge about
effective precautions as well as risks for SHS among low-SES parents who smoke.

To confirm the proposed final models, | plan to test the final models using
prospective designs to determine the relationships between SES, mediating factors, and
indoor smoking behavior over time in future. It is also important to identify other key
pathways (both mediators and modifiers) between SES and indoor smoking behaviors
among smoking parents. In particular, social norms of smoking did not mediate the
pathways in the mother model, and an association between one’s partner’s smoking-
related support and indoor smoking behaviors showed an unexpected direction in the
father model. Gender difference on the mechanisms between SES and smoking behavior
is suggested, although evidence is limited[35,128]. By clarifying other factors that
might affect gender difference (e.g., the quality of partner-relationships[91], partners’
smoking histories[83], and father’s caring circumstances[21]), more effective
interventions can be developed to reduce SHS exposure in low-SES children.

This study has several limitations need to be considered. First, as this study had a
cross-sectional design, the associations did not prove causality. Regarding the
association between SES and the mediating variables, the causality is likely to be

justified as SES indicators, especially educational attainment, would not change over
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the time period of interest. However, such an assumption is not valid for the causality

from the mediating variables to indoor smoking behavior. The relationship between

indoor smoking behavior and indoor smoking by household members, in particular,

might have mutual effects. Future studies should collect longitudinal data to obtain a

more accurate pathway model.

Second, selection bias might exist due to the self selection of participants in the

online survey, and exclusion of single and teenage parent(s). Participants in this study

had higher levels of education than nationally representative random samples. Thus, an

association between educational level and mediating variables might have been

underestimated. In addition, a difference in responses about attitudes, perception, and

motivation are reported among online and telephone survey respondents in a previous

study, which may be because telephone respondents tended to choose positive options

more often[129]. However, such differences are not reported for psychological variables

such as depression and social stress[130,131]. Furthermore, exclusion of single and

teenage parent(s) would limit the generalizability, although the proportions of those

parent(s) are small in Japan (3% of fathers and 6% of mothers were single parents in

this study; and 0.2% of fathers and 1.8% of mothers were teenage parents among
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smoking parents[99]). Future studies could determine whether the identified models are
also applicable to random samples and those excluded groups as well.

Third, the coefficient of determination (R?) was relatively low for fathers.
Although the tested models adequately fit the data, the model explained about the 46%
of the variance in indoor smoking in the father models. For mothers, the R? was
relatively higher (around 68%), but none of the variables mediated the pathways in the
mother income model. Thus, other important and omitted variables might exist that
mediate the pathways between SES and indoor smoking behavior for both fathers and
mothers. For instance, social norms of smoking at the community level[132] was not
measured in this study.

Finally, the intensity of indoor smoking behavior was not considered in this study.
Although partial restrictions of indoor smoking have a more negative effect on
children’s health compared to complete bans, the level of exposure to SHS among
children is lower in this instance than no smoking restrictions[105]. Measuring the
intensity of indoor smoking behavior (e.g., the number of cigarettes parents smoke in
front of their children) would provide more accurate results.

Despite these limitations, this study is the first to examine the multiple pathways

between SES and indoor smoking behavior among smoking parents with young
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children. The SEM approach allows for simultaneous testing of two or more

relationships among variables in the same model[133], and has, thus, contributed more

to understand the mechanisms in this relationship than general multiple regression

analysis would have. Furthermore, stratified analysis of fathers and mothers using a

relatively large sample allowed for more accurate inferences about the gender

specificity of the pathways.

In conclusion, this study provided the evidence that low-SES smoking fathers had

higher descriptive and subjective norms of smoking and low-SES smoking parents had

less knowledge about the risks of and precautions to avoid children’s SHS exposure,

and these variables were significantly associated with their indoor smoking behaviors.

Furthermore, social norms of smoking were positively associated with household indoor

smoking and negatively associated with worksite smoking bans.

Discouraging pro-smoking norms and improving knowledge about children’s SHS

exposure would provide clear opportunities for low-SES smoking parents to reduce

their indoor smoking behaviors, and would, thus, lead to reducing inequalities in

children’s SHS exposure.
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Chapter 4:

General conclusions and recommendations
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In conclusion, Studyl (Chapter 2) provided new evidence about the remaining

inequalities in infants’ SHS exposure from 2001 to 2010 in Japan, with increased

relative magnitude[134]. Furthermore, only father smoking indoors was a major source

of SHS exposure in infants and a major contributor to absolute income inequality in

SHS exposure in infants in 2010. Study2 (Chapter 3) showed that the pathway between

SES and indoor smoking behavior was mediated by social norms of smoking among

fathers who smoke, and knowledge about children’s SHS exposure among parents who

smoke. In the same pathway models, social norms of smoking were positively

associated with household indoor smoking and negatively associated with worksite

smoking bans.

The findings of Studiesl1 and 2 highlight two important insights. First, they

suggest the potential role of non-smoking mothers with smoking husband in low-SES

groups. In Japan, the majority of smoking fathers live with a non-smoking partner

(87.8% in Study 2), and the factor of ‘only father indoor smoking’ was a major

contributor to absolute inequality in children’s SHS exposure based on income (Study

1). Compared with fathers, mothers tend to be motivated to protect children from SHS

exposure and to have more contact with health professionals[21]. However, as

interventions for parental smoking cessation mainly focus on smoking parents, non-
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smoking mothers might receive less knowledge and support for protecting children from

SHS exposure during the pre and post-natal periods compared to smoking mothers, even

if their partners smoke. Furthermore, low-SES mothers have limited control over their

partners’ smoking behavior[135]. Thus, encouraging non-smoking mothers in low-SES

groups to support their partners to change their smoking behaviors could narrow the

inequalities in parental indoor smoking behaviors.

The home visiting program for all households with infants in Japan is one

example of an intervention to encourage non-smoking low-SES mothers to support their

partner in quitting smoking. Local municipalities have implemented this program across

the country since 2009. A midwife, nurse, or trained community resident visits homes

with infants aged under 4 months to provide advice regarding child-rearing as well as

counseling, and offers follow-up services if necessary[136,137]. Incorporating tobacco-

related issues into this program could help to provide accurate knowledge and

sustainable and individually tailored support to increase self-efficacy in reducing

infants’ SHS exposure for low-SES mothers who do not smoke but live with smoking

husbands. The program could also be used to encourage smoking fathers and mothers to

receive smoking cessation treatments, including nicotine replacement therapy, which

have been covered by health insurance in Japan since 2006.
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Second, the combined findings suggest a dilemma between motivations and

barriers among low-SES smoking mothers toward indoor smoking behavior. The

smoking prevalence of mothers decreased substantially compared to fathers across all

SES levels, but their prevalence of indoor smoking remained much higher than that in

smoking fathers (Study 1). Compared to fathers, mothers are more likely to quit

smoking after their children are born[138]. According to self-determination theory,

individuals engage in behavior change through two different processes: making

decisions with one’s core sense of self (autonomous regulation) or making decisions

that are controlled but not accepted as one’s own (controlled regulation)[139]. In this

regard, smoking mothers may have more autonomous motivation toward protecting

their children from SHS than fathers do, and, thus, be more successful in achieving

smoking cessation. At the same time, however, smoking mothers had higher social

barriers toward stopping indoor smoking than smoking fathers did, including indoor

smoking by household members (Study 2). They also received less support for quitting

smoking from their partners than smoking fathers did (Study 2). Thus, smoking mothers

might have higher intention to quit smoking compared to smoking fathers, but failure to

do so may mean that stopping indoor smoking is much more difficult for them than it is

for fathers. Thus, interventions need to be tailored to low-SES parents in the context of
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gender and family influence. For instance, couple-focused approach might be effective,

as it considers gender power issues and partner conflicts that may be associated with

indoor smoking behaviors[124].
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