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ABSTRACT

Background: Research findings indicate that four health-related behaviors (HRBs), smoking, alcohol, diet, and physical activity,
do not co-occur within individuals by chance and therefore cluster. To date, there is a lack of research investigating the
clustering of these HRBs in the Japanese population.

Methods: The Japanese National Health and Nutrition Survey 2010 was used, containing information on 8,015 community-
dwelling adults. Latent profile analysis identified distinct cluster patterns of four HRBs: smoking status, alcohol consumption,
calorie intake, and the number of steps per day.

Results: For men, four distinct HRB clusters were identified. The largest cluster (54%) was characterized by drinking more than
Japan’s recommended alcohol guidelines and walking an inadequate number of steps per day. A small cluster (4%) also
emerged, characterized by smoking, high calorie intake, and exceeding alcohol guidelines. Members of these clusters had higher
systolic blood pressure than those in the remaining clusters. For women, five distinct HRB clusters were identified. The largest
cluster (57%) was characterized by not smoking or drinking and walking an inadequate number of steps per day. For both
genders, there was a relationship between cluster membership and age. Cluster membership was associated with income and
health status among men but not women.

Conclusion: Detecting distinct clusters of HRBs in a Japanese population-based survey provides a person-centered
understanding of Japanese lifestyles. This approach can assist policy makers in Japan and overseas to identify new strategies
for targeting behavioral risk factors and make health promotion policies more effective in their respective countries.
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INTRODUCTION

Research findings indicate that people practice multiple health-
related behaviors (HRBs) in their everyday lives and that these
HRBs do not co-occur within individuals by chance and therefore
cluster.1,2 This suggests that HRBs are inter-related and that the
clustering approach is necessary to study patterns of health
behavior. Moreover, research indicates that HRB cluster
membership is linked to age, gender, socio-economic position,1,2

and health status.3

These clusters may consist of negative HRBs that are health
damaging (eg, smoking, heavy alcohol consumption, a diet high
in sugar and fat and low in fruit and vegetables, and physical
inactivity), positive HRBs that are health promoting (eg, not
smoking, light or moderate alcohol consumption, a diet low in
sugar and fat and high in fruit and vegetables and low in sugar
and fat, and regular physical activity), or a mixture of both.

From a public health perspective, addressing negative HRBs
and promoting positive HRBs is important because they are

modifiable.4 However, many policies to address negative HRBs
and promote positive HRBs are implemented in isolation and do
not consider the dynamics of HRB clustering, instead considering
them as individual and unrelated entities.2 By taking a more
sophisticated approach and considering the inter-relatedness of
these four HRBs, as well as associated socio-demographics and
health status, we can gain a deeper understanding of the types of
people who share HRB patterns, which can inform the devel-
opment of lifestyle interventions that target specific subgroups of
the population.5

The presence of multiple negative HRBs during mid-life
increases the risk of developing non-communicable diseases
(NCDs) in later life in Japan.6–8 However, to date there is a lack
of research investigating the clustering of these four HRBs in a
representative sample of the adult Japanese population.

Similar to the United Kingdom and other developed countries,
Japan has an aging population and an increasing burden of
NCDs.9 Therefore, identifying similar HRB cluster patterns in the
Japanese population to those found in other developed countries
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can provide stronger evidence that shared associations may be
generalized to other cohorts and countries, offering insights for
policy makers internationally.

However, the distribution of HRBs in the Japanese population
is different from other developed countries.10 Japan has a high
prevalence of tobacco use in men,11 high levels of salt intake,12

and very low levels of overweight and obesity.13 Japan also has a
very high life expectancy and is recognized as a global leader in
health outcomes.14 This implies that the findings from research
investigating the clustering of HRBs in other developed
countries1,2 cannot necessarily be generalized to the Japanese
context. Therefore, elucidating country differences may serve to
generate new hypotheses as to how the unique experiences of the
Japanese population may influence their lifestyles.

In this study, we conducted a detailed investigation of HRB
clustering within the Japanese population. Detecting distinct
clusters of HRBs in a Japanese population-based survey and their
relationship with socio-demographic factors and health status will
provide a person-centered understanding of Japanese lifestyles
that can inform population-level interventions to improve HRBs
among Japanese adults. Moreover, detecting Japanese HRB
cluster patterns may offer lessons to other countries in strategies
for improving behavioral risk factors and make their health
promotion policies more effective.

METHODS

Data
The Japanese National Health and Nutrition Survey (NHNS) from
2010 was used.15–17 The NHNS is a nationally representative
probabilistic sample of community-dwelling individuals in Japan,
designed to collect basic data on their health, nutrition, and
lifestyles. Individual level data were obtained via official
application to the Ministry of Health, Labour and Welfare. Prior
to data collection, an ethical standards committee gave approval
for the conduct the study and trained interviewers visited each
address to obtain informed consent from participants.

Measures
Four HRBs were measured: smoking status, alcohol consump-
tion, calorie intake, and physical activity.

Information on smoking and alcohol consumption was captured
for individuals aged 20 years and over in the lifestyle component
of the survey. Participants were asked about their smoking
behavior. First, they were asked if they had smoked at least 100
cigarettes in their life. Second, they were asked if they smoke
cigarettes daily, some days, or not at all. Current smokers were
defined as having smoked at least 100 cigarettes in their life and
smoke every day or some days, and former smokers were those
who did not smoke at all presently but had previously smoked
more than 100 cigarettes in their life. Non-smokers were those
who had never smoked more than 100 cigarettes in their life.

Responses to questions regarding the quantity and frequency
of alcohol consumption were used to derive a three-category
variable measuring if participants drank any alcohol, and among
those who did, whether their alcohol use met the current Japanese
government’s alcohol consumption guidelines (ie, no more than
20 g alcohol per day for men or 10 g for all women and men aged
65 or older, 5 days or less per week).18

Total calorie intake was calculated via a semi-weighed and
portion size recording method, which was completed alongside

the lifestyle survey. A designated person in each household was
trained by a professional to record the weight (or portion size if
weighing proved difficult) of food before and=or after prepara-
tion, its distribution among household members, and any waste
and=or leftovers on a designated day (excluding Sunday) in
November.16 Standard Tables of Food Composition in Japan were
used to convert records into nutrient and calorie intake.15 The
physical activity measure was based upon the observed number of
daily step counts captured via a pedometer worn by participants
aged 15 years or older on the same day as the dietary intake
questionnaire. Upon completion, trained interviewers reviewed
the questionnaires with each household representative to check
and clarify their entries.

Two socio-demographic variables, age and income, were
considered as covariates in this study. Individuals under 20 years
old were excluded due to a lack of information on certain HRBs
(ie, smoking and alcohol consumption). Participants were asked
to disclose their annual income, in Japanese Yen (1 million
Japanese yen equates to approximately 9,000 United States
dollars), for the past year according to three categories: ‘less than
2 million’, ‘2–6 million’, and ‘more than 6 million’.

Four health status variables: body mass index (BMI), systolic
blood pressure, diabetes, and hypercholesterolemia were also
included. Height, weight, HbA1c, blood pressure, and cholesterol
were measured by trained clinicians during a health examination.
BMI was calculated by dividing weight in kg by height in meters
squared and systolic blood pressure was the average of two separate
measurements taken after the participant had rested for 5 minutes
in a seated position. Diabetes was defined as HbA1c ≥6.5% or
receiving anti-diabetic treatment or a diabetes diagnosis. Hyper-
cholesterolemia was defined as having serum total cholesterol level
≥240mg=dL or receiving lipid lowering medication.

Statistical analysis
Latent profile analysis (LPA), an advanced person-centered
data reduction technique,19 was used to identify distinct cluster
patterns of the four HRBs, run separately for men and women.
LPA aims to identify a categorical latent (ie, unobserved) variable
that can explain associations between observed variables in the
model. Smoking status and alcohol consumption were treated as
ordered variables in the models. To aid model convergence, the
number of steps per day and total calorie intake were standardized
and included as continuous variables in the models.

LPA models with an increasing number of HRB clusters were
compared. Final model selection was based upon the Adjusted
Bayesian Information Criterion (aBIC), which balances model fit
with parsimony19 and adjusts for sample size.20 The Lo-Mendell
Rubin (LMR) likelihood ratio test was used to determine whether
the inclusion of one more cluster improves model fit.21 Alongside
these fit statistics, model interpretability and cluster size were
considered in model selection. Indicator variable specific entropy
estimates produced using Mplus Version 8 (Muthen & Muthen,
Los Angeles, CA, USA)22 were examined, and HRB variables
with an entropy <0.2 were removed from the model, as this
suggests little contribution in defining the latent HRB clusters.23

Once the optimal number of HRB clusters had been identified,
gender specific two LPA models were employed in order to
account for within-household correlations.24

Linear, logistic and multinomial logistic regression models
were run in Stata=SE version 16 (Stata Corp, College Station, TX,
USA)25 to identify associations between HRB cluster member-
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ship, socio-demographic variables (age and income), and health
status variables (BMI, systolic blood pressure and diabetes
diagnosis) while adjusting for age and income. Predicted values
and probabilities for socio-demographic and health status
variables across the different clusters was calculated using the
‘margins’ postestimation command.

Bivariate analyses using analysis of variance and Chi-square
was undertaken to show the means and=or proportions for the
socio-demographic and health status variables according to
cluster membership. The regression models were adjusted for
any classification error that may have occurred during cluster

assignment, which prevents under-estimated standard errors of
regression coefficients in the regression models.26 Missing data
was handled using a Full Information Maximum Likelihood
Function, under the missing at random (MAR) assumption,27

using Mplus version 8.22

RESULTS

Descriptive analysis
Table 1 describes the HRB, socio-demographic and health status
variables.

Table 1. Descriptive statistics for Health-related behavior, socio-demographic and health status measures

Health-related behavior
Total Men Women
N = 8,015 (100%) n = 3,740 (46.66%) n = 4,275 (53.34%)

Mean (SD) Mean (SD) Mean (SD)

Steps per daya 6,584.30 (4,220.14) 7,136.93 (4,690.00) 6,117.75 (3,713.42)

Calories per day (kcal)b 1,859.04 (554.55) 2,083.80 (584.05) 1,666.65 (445.63)

n (%) n (%) n (%)

Steps missing 1,214 (15.13%) 620 (7.72%) 594 (7.46%)

Calories per day (kcal) missing 786 (9.87%) 406 (5.19%) 380 (4.72%)

Smoking statusc

Never smoked 4,487 (55.98%) 1,074 (28.72%) 3,413 (79.84%)
Former smoker 1,738 (21.68%) 1,341 (35.86%) 397 (9.29%)
Current smoker 1,640 (20.46%) 1,248 (33.37%) 392 (9.71%)
Missing 150 (1.87%) 77 (2.06%) 73 (1.71%)

Alcohold

None 3,912 (48.81%) 1,159 (30.99%) 2,753 (64.40%)
Meets guidelines 1,011 (12.61%) 403 (10.78%) 608 (14.22%)
Doesn’t meet guidelines 2,950 (36.81%) 2,106 (56.31%) 844 (19.74%)
Missing 142 (1.77%) 72 (1.93%) 70 (1.64%)

Socio-demographic and health status Mean (SD) Mean (SD) Mean (SD)

Agee 54.71 (17.76) 53.93 (17.53) 55.40 (17.93)

BMIf 22.94 (3.51) 23.57 (3.35) 22.43 (3.56)

Systolic Blood pressureg 132.13 (19.59) 136.08 (17.94) 129.35 (20.21)

n (%) n (%) n (%)

Diabetes
No 6,959 (86.82%) 3,113 (83.24%) 3,846 (89.96%)
Yes 926 (11.55%) 562 (15.03%) 364 (8.51%)
missing 130 (1.62%) 65 (1.74%) 65 (1.52%)

Hypercholesterolemia
No 3,483 (43.46%) 1,580 (42.25%) 1,903 (44.51%)
Yes 1,164 (14.52%) 398 (10.64%) 766 (17.92%)
missing 3,368 (42.02%) 1,762 (47.11%) 1,606 (37.57%)

Income (Japanese Yen)
<2 million 815 (10.17%) 445 (11.90%) 370 (8.65%)
2–6 million 1,964 (24.50%) 1,612 (43.10%) 352 (8.23%)
>6 million 721 (9.00%) 648 (17.33%) 73 (1.71%)
don’t know 313 (3.91%) 166 (4.44%) 147 (3.44%)
missing 4,202 (52.43%) 869 (23.24%) 3,333 (77.96%)

BMI missing 1,895 (23.64%) 1,009 (26.98%) 886 (20.73%)

BMI, body mass index; M, mean; SD, standard deviation.
aRange, 17–5,001.
bRange, 165–5,518.
cCurrent smokers defined as those who have smoked at least 100 cigarettes during their lifetime and smoke daily or on some days. Former smokes do not smoke
at all now adays.
dAccording to Japanese government’s alcohol consumption guidelines (≤20 g alcohol per day for men or ≤10 g alcohol per day for women and men aged 65
years or older, 5 days or less a week).
eRange, 20–99.
fRange, 10.7–41.3.
gRange, 81–231.
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The sample consisted of 8,015 participants, aged 20 years or
over, with slightly more women (53.34%) than men (46.66%).
The mean age of the sample was 55 years old (mean 54.71;
standard deviation [SD], 17.76 years). Based on the health status
measures participants could be considered to be in good health,
with average BMI (mean 22.94; SD, 3.51 kg=m2), systolic blood
pressure readings (mean 132.13; SD, 19.59mmHg), and a
relatively low proportion defined as having diabetes (n = 926,
11.55%) or hypercholesterolemia (n = 1,164, 14.52%).

However, more than half of men (n = 2,106, 56.31%) exceeded
the Japanese government’s recommended levels of alcohol
consumption in comparison to just under a fifth of women
(n = 844, 19.74%). Similarly, a larger proportion of men reported
currently smoking (33.4%) in comparison to women (9.2%). On
the other hand, a higher number of steps per day were recorded
among men (mean 7,136.93; SD, 4,690.00 steps), in comparison
to women (mean 6,117.75; SD, 3,713.42 steps). As expected,
more daily calories were consumed by men (mean 2,083.80; SD,
584.05 kcal) than women (mean 1,666.65; SD, 445.63 kcal).

Latent profile analysis
Based on the LPA model fit statistics (see eTable 1), the four
cluster model was selected for men and the five cluster model was
selected for women. For men, the LMR test was statistically
significant in the four cluster model (P < 0.001) but not the five
cluster model, indicating that the inclusion of a fifth cluster did
not improve model fit. For women, while the LMR test was
significant for both the fifth and sixth cluster models (P < 0.05),
the smallest cluster in the sixth cluster was inadequate for further
analysis (n = 10).

The two-level LPA models, accounting for within-household
correlations, further improved model fit for both the four cluster
model in men and the five cluster model in women (see
eTable 1). Variation in the probability of HRB cluster member-
ship across households was significant for both genders (men P =
0.04; women P < 0.001).

Cluster patterns and membership
Estimates from the two-level LPA models are presented in
Table 2. For men, the largest cluster (54.28%), labelled ‘Inactive,
drinkers’, was characterized by drinking more than Japan’s
recommended alcohol guidelines and walking an inadequate
number of steps per day. Among women, a similar cluster existed
labelled ‘Inactive, drinkers, smokers’, although the size of this
cluster was much smaller (16.44%). In contrast, the largest cluster
for women (56.58%), labelled ‘Inactive, never smokers, non-
drinkers’, was characterized by not smoking or drinking and
walking an inadequate number of steps per day. Among men, a
slightly smaller cluster (38.24%) with a similar pattern was
identified, labelled ‘Inactive, non-drinkers’.

Interestingly, in both genders there was a small cluster (men =
3.66%, women = 1.33%) characterized by a higher than average
number of steps per day and a high proportion of members who
exceed alcohol consumption guidelines. This cluster was labelled
‘Active, drinkers’ among men and ‘Active, mixed drinkers’
among women.

Associations between cluster membership and
socio-demographic characteristics
Estimates from the regression analyses, adjusting for classifica-
tion error, are presented in Table 3. These estimates had wider

confidence intervals compared to those from models without
adjustment (see eTable 2).

Associations of HRB cluster membership with socio-demo-
graphic variables, age, and income were identified after mutually
adjusting for each other in the model. Among men, members of
the ‘Inactive, non-drinkers’ cluster were older than those in the
reference cluster ‘Inactive, drinkers’. Further bivariate analyses
found the mean age of participants in the ‘Inactive, non-drinkers’
cluster to be 55.47 (SD, 19.03) years, higher than the average age
in the three remaining clusters, which was 47.52 (SD, 16.20)
years, 53.56 (SD, 16.29) years, and 47.21 (SD, 15.82) years,
respectively (see eTable 3). Among women, members of the
reference cluster ‘Inactive, never smokers, non-drinkers’ were
older than those in the remaining four clusters. The mean age of
women in each cluster was 45.43 (SD, 15.14) years, 50.71 (SD,
15.35) years, 46.28 (SD, 15.20) years, 59.05 (SD, 18.29) years,
and 52.96 (SD, 16.67) years, respectively (see eTable 3).

Male members of the reference cluster ‘Inactive, drinkers’ had
a higher annual income in the past year compared to members of
the ‘Active drinkers’ and ‘Eaters, smokers, drinkers’ clusters,
after adjusting for age. Further bivariate analyses showed over a
quarter (n = 421, 26.36%) of men in the ‘Inactive, drinkers’
cluster earned more than 6 million Japanese Yen in the past year,
compared with 18.06% (n = 199), 19.80% (n = 20), and 11.27%
(n = 8) in the remaining three clusters (P value <0.05, see
eTable 3).

Associations between cluster membership and
health status
Estimates from the regression analyses, adjusting for classifica-
tion error, are presented in Table 4 and Figure 1. Again, estimate
confidence intervals from models without adjustment were
narrower (eTable 4).

Among men, members of the ‘Eaters, smokers, drinkers’
cluster had a higher BMI than the reference cluster ‘Inactive, non-
drinkers’, after adjusting for age and income. The mean BMI
in the ‘Eaters, smokers, drinkers’ cluster was 25.09 (SD, 4.08)
kg=m2, higher than the other three clusters, which were 23.41
(SD, 3.47) kg=m2, 23.12 (SD, 3.04) kg=m2, and 23.62 (SD, 3.20)
kg=m2, respectively, and sufficiently high to cross the threshold
for the definition of overweight (see eTable 5). No significant
association between HRB cluster membership and BMI was
found for women after adjusting for age and income.

Similarly, after adjusting for age and income, systolic blood
pressure was higher among men in the ‘Inactive, drinkers’ and
‘Eaters, smokers, drinkers’ clusters compared to the reference
cluster ‘Inactive, non-drinkers’. The mean systolic blood pressure
in these two clusters were 137.44 (SD, 17.86)mmHg and 137.28
(SD, 19.86)mmHg, respectively. In comparison to the other
two clusters, which were 134.43 (SD, 17.80)mmHg and 132.46
(SD, 17.50)mmHg, respectively (see eTable 5). There were no
significant associations between systolic blood pressure and HRB
cluster membership among women.

Finally, no significant association was identified between HRB
cluster membership and diabetes or hypercholesterolemia in
either gender, after adjusting for age and income.

DISCUSSION

This study is the first to investigate the clustering of four
HRBs (ie, smoking, alcohol, diet, and physical activity) in a
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Table 2. Estimates for two-level Latent Profile Analysis models, run separately for men and women

Men (N = 3,740, 100%)

Cluster 1
n = 1,430
(38.24%)
Inactive,
non-drinkers

Cluster 2
n = 137
(3.66%)
Active,
drinkers

Cluster 3
n = 2,030
(54.28%)
Inactive,
drinkers

Cluster 4
n = 143
(3.82%)
Eaters,
smokers,
drinkers

Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Steps per day 5,694.53 (64.76) 17,402.75 (80.41) 6,125.54 (66.39) 7,451.25 (79.52)

Calories per day (kcal) 1,691.21 (8.63) 1,945.62 (8.22) 1,875.31 (8.57) 3,011.87 (7.84)

IRP (SE) IRP (SE) IRP (SE) IRP (SE)

Smoking status
Never smoked 0.36 (0.01) 0.34 (0.05) 0.20 (0.04) 0.24 (0.06)
Former smoker 0.36 (0.02) 0.28 (0.04) 0.42 (0.02) 0.28 (0.05)
Current smoker 0.28 (0.02) 0.38 (0.05) 0.38 (0.03) 0.48 (0.06)

Alcohol
None 0.63 (0.15) 0.28 (0.05) 0 0.27 (0.06)
Meets guidelines 0.17 (0.04) 0.07 (0.03) 0.05 (0.04) 0.10 (0.04)
Doesn’t meet guidelines 0.20 (0.17) 0.65 (0.05) 0.95 (0.04) 0.64 (0.06)

Women (N = 4,275, 100%)

Cluster 1
n = 703
(16.44%)
Inactive,
drinkers,
smokers

Cluster 2
n = 962
(22.50%)
Active,
moderate drinkers,
never smokers

Cluster 3
n = 57
(1.33%)
Active,
mixed drinkers

Cluster 4
n = 2,419
(56.58%)
Inactive,
never smokers,
non-drinkers

Cluster 5
n = 134
(3.13%)
Inactive,
eaters,
never smokers

Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Steps per day 5,558.36 (31.35) 10,527.71 (31.98) 20,304.87 (52.63) 4,320.03 (35.90) 6,674.37 (41.73)

Calories per day (kcal) 1,849.84 (5.89) 1,875.49 (6.95) 1,849.16 (7.03) 1,747.94 (7.23) 2,927.42 (5.40)

IRP (SE) IRP (SE) IRP (SE) IRP (SE) IRP (SE)

Smoking status
Never smoked 0.40 (0.19) 0.82 (0.03) 0.62 (0.08) 0.87 (0.01) 0.85 (0.06)
Former smoker 0.31 (0.09) 0.10 (0.02) 0.21 (0.07) 0.07 (0.01) 0.08 (0.05)
Current smoker 0.29 (0.11) 0.09 (0.02) 0.17 (0.06) 0.06 (0.01) 0.07 (0.04)

Alcohol
None 0 0.61 (0.03) 0.44 (0.08) 0.80 (0.05) 0.53 (0.08)
Meets guidelines 0.12 (0.08) 0.18 (0.02) 0.09 (0.04) 0.14 (0.01) 0.16 (0.06)
Doesn’t meet guidelines 0.88 (0.08) 0.21 (0.02) 0.47 (0.07) 0.06 (0.05) 0.31 (0.07)

IRP, item response probabilities; M, mean; SE, standard error.

Table 3. Multinomial logistic regression model estimating association between cluster membership and socio-demographic factors,
adjusting for classification error

Covariates Men sample N = 3,740
Relative risk ratio (95% CI)

Cluster 1
n = 1,430
(38.24%)
Inactive, non-drinkers

Cluster 2
n = 137
(3.66%)
Active, drinkers

Cluster 3
n = 2,030
(54.28%)
Inactive, drinkers

Cluster 4
n = 143
(3.82%)
Eaters, smokers, drinkers

—

Age 1.02+ (1.01 to 1.02) 0.98+ (0.97 to 0.99) Ref 0.98+ (0.96 to 0.99) —

Income 0.95 (0.86 to 1.05) 0.76++ (0.57 to 0.99) Ref 0.71++ (0.51 to 0.99) —

Women sample N = 4,275
Relative risk ratio (95% CI)

Covariates Cluster 1
n = 703
(16.44%)
Inactive, drinkers, smokers

Cluster 2
n = 962
(22.50%)
Active, moderate drinkers,
never smokers

Cluster 3
n = 57
(1.33%)
Active, mixed drinkers

Cluster 4
n = 2,419
(56.58%)
Inactive, never smokers,
non-drinkers

Cluster 5
n = 134
(3.13%)
Inactive, eaters,
never smokers

Age 0.95+ (0.94 to 0.96) 0.97+ (0.96 to 0.98) 0.95+ (0.92 to 0.97) Ref 0.97+ (0.94 to 0.99)

Income 0.98 (0.77 to 1.26) 1.01 (0.86 to 1.17) 0.95 (0.59 to 1.51) Ref 0.83 (0.55 to 1.24)

CI, confidence interval.
+P value ≤0.01.
++P value ≤0.05.
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representative sample of the adult Japanese population. Using
latent variable modelling we have identified four male and five
female distinct patterns of HRBs, whose membership is
associated to varying degrees with both socio-demographic
characteristics (ie, age and income) and health status (ie, BMI,
systolic blood pressure, diabetes, and hypercholesterolemia).

The finding that HRB clusters were distinguishable from one
another largely due to differences in alcohol consumption and
physical activity, particularly among men, is not surprising given
the evidence of a complex relationship between these two
behaviors.28 Moreover, the largest cluster among women was
characterized by never smokers and non-drinkers, whereas the
largest cluster among men had a very high probability (95%) of

exceeding the Japanese government’s alcohol consumption
guidelines. This finding is in keeping with evidence of large
gender differences in alcohol consumption in Japan.29

The average income for men in the largest cluster, ‘Inactive,
drinkers’, was higher than that of those in the other three, which
supports existing evidence of a relationship between higher
income and work-related drinking which is commonly practiced
among Japanese men.30

Many of the HRB clusters for men and women were
characterized by low levels of physical activity. Evidence suggest
that the average number of steps among Japanese adults has
decreased since 2000.31 This lack of exercise has subsequently
led to the release of “+10 minutes of physical activity per day”

Table 4. Linear and logistic regression models estimating associations between cluster membership and health status, adjusting for age,
income and classification error

Men sample N = 3,740 BMI Systolic Blood Pressure Diabetes Hypercholesterolemia

Coef (95% CI)
Constant = 24.12
Adjusted R2 = 0.01

Coef (95% CI)
Constant = 107.39
Adjusted R2 = 0.14

OR (95% CI) OR (95% CI)

Cluster 1
(n = 1,430)
Inactive, non-drinkers

Ref Ref Ref Ref

Cluster 2
(n = 137)
Active, drinkers

−0.07 (−0.83 to 0.68) 2.77 (−1.94 to 7.48) 1.03 (0.58 to 1.83) 0.87 (0.44 to 1.73)

Cluster 3
(n = 2,030)
Inactive, drinkers

0.11 (−0.17 to 0.40) 4.86 (3.04 to 6.68)+ 0.94 (0.76 to 1.15) 0.99 (0.77 to 1.27)

Cluster 4
(n = 143)
Eaters, smokers, drinkers

1.20 (0.36 to 2.05)+ 7.78 (2.48 to 13.09)+ 0.52 (0.22 to 1.23) 0.64 (0.26 to 1.55)

Age −0.01 (−0.02 to −0.01)++ 0.46 (0.40 to 0.53)+ 1.04 (1.03 to 1.05)+ 1.02 (1.01 to 1.02)+

Income 0.03 (−0.16 to 0.21) −0.88 (−2.08 to 0.32) 0.87 (0.76 to 0.99)++ 1.03 (0.88 to 1.22)

Women sample N = 4,275 BMI Systolic Blood Pressure Diabetes Hypercholesterolemia

Coef (95% CI)
Constant = 20.76
Adjusted R2 = 0.02

Coef (95% CI)
Constant = 94.34
Adjusted R2 = 0.25

OR (95% CI) OR (95% CI)

Cluster 1
(n = 703)
Inactive, drinkers, smokers

Ref Ref Ref Ref

Cluster 2
(n = 962)
Active, moderate drinkers,
non-smokers

−0.15 (−1.15 to 0.84) −0.26 (−6.40 to 5.87) 0.88 (0.36 to 2.20) 1.67 (0.78 to 3.56)

Cluster 3
(n = 57)
Active, mixed drinkers

0.46 (−1.52 to 2.44) 6.60 (−5.81 to 19.01) 1.99 (0.45 to 8.89) 3.92 (0.99 to 15.52)

Cluster 4
(n = 2,419)
Inactive, non-smokers,
non-drinkers

0.25 (−0.69 to 1.19) 0.82 (−5.02 to 6.66) 0.89 (0.38 to 2.07) 1.38 (0.67 to 2.86)

Cluster 5
(n = 134)
Inactive, eaters, non-smokers

−0.37 (−1.98 to 1.24) 0.05 (−9.08 to 9.19) 0.57 (0.11 to 2.98) 1.01 (0.32 to 3.21)

Age 0.03 (0.02 to 0.05)+ 0.67 (0.57 to 0.77)+ 1.04 (1.03 to 1.06)+ 1.03 (1.01 to 1.04)+

Income −0.03 (−0.27 to 0.20) −1.41 (−2.83 to 0.01) 0.90 (0.74 to 1.09) 0.92 (0.78 to 1.08)

CI, confidence interval; Coef, linear regression coefficient; OR, logistic regression odds ratio.
+ = P value <0.01.
++ = P value ⩽0.05.
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recommendations by the Japanese government.32 Such inter-
ventions may be more complex if the low levels of physical
activity are related to high levels of drinking and smoking and
may necessitate more complex designs aimed at simultaneously
reducing smoking and drinking or finding lifestyle recommenda-
tions that involve replacing alcohol-related lifestyle choices (such
as regular after-work drinking) with healthier activities.

Men in clusters characterized by more negative HRBs, namely
the ‘Inactive, drinkers’ and ‘Eaters, smokers, drinkers’ clusters,
had higher systolic blood pressure than the other two. This is
likely due to the propensity towards heavy drinking in these two
clusters.33 Furthermore, men in the latter cluster, whose average
calorie intake was over 30% more than that of the other clusters,
also had a higher BMI than men in the other three clusters.
Curiously, there was no relationship between health status and
HRB cluster membership among women, despite the presence
of a cluster characterized by multiple negative HRBs, namely
‘Inactive, drinkers, smokers’. This may be, in part, due to the
lower proportion of current smokers in this cluster, when
compared to men. Moreover, while the probability of women
exceeding alcohol consumption guidelines in this cluster is high
compared to women in the remaining cluster, it could be that
consumption is still rather low when compared to men. As
expected, research has found greater care-giving responsibilities
is associated with lower levels of drinking among women.34 It is
therefore likely that, even among women who do drink heavily in
this study, the majority will have greater domestic responsibilities
and therefore less opportunities to drink heavily than their male
counterparts.

The lack of association between HRB cluster membership and
diabetes or hypercholesterolemia could be due to the relatively
young sample in this study (mean age 54.71; SD, 17.76 years),
but might also be due to the very low prevalence of diabetes and
hypercholesterolemia in the Japanese population.35,36 Longitudi-
nal data that can investigate the association between mid-life
HRB cluster membership and older age-related chronic diseases
such as diabetes, heart disease and cancer would be a fruitful area
of future research.

Strengths and limitations
A strength of this study is its novel approach to investigating
lifestyles in the Japanese population, focusing on how HRBs
inter-related with one another rather than treating them as
individual entities. The NHNS data is a powerful resource, being
the only Japanese health examination and interview study
conducted at a national level.15 Access to objectively measured
HRB and health status measures (ie, steps per day, systolic blood
pressure, and BMI) removes reporting and social desirability bias.
Moreover, measuring total calorie intake in a 24-hour period
minimizes recall bias which is an inherent limitation of most
dietary measures.37

While the NHNS survey data is mostly representative of the
Japanese population, it is acknowledged that some groups are
underrepresented. For example, the 2010 survey includes 6%
of adults who are living in single-person households, which is
9% lower than national estimates.15 The cross-sectional survey
design, while useful to identify trends at a population level over
time, is less useful in tracking longer term health outcomes
associated with lifestyles (ie, diabetes, heart disease, cancer).

Furthermore, while the objective and short-term measures of
HRBs are useful in minimizing certain types of bias, they may not
be a true representation of each participant’s everyday habits.
Given these limitations, it is important to replicate this research
using other HRBs and study designs (eg, cohort studies, routine
administrative data) in order to triangulate the study findings
suffering from different types of bias and reaching consensus.38

Public health implications
The results of this study indicate a complex inter-relationship
between HRBs, which are differentially associated with gender,
socio-demographic factors, and health status. By identifying
these characteristics of HRB cluster membership we have a better
understanding of the types of people who share particular
lifestyles. This may inform the development of more sophisti-
cated, holistic and person-centered approaches, which can target
specific subgroups of the population and effectively tackle
negative HRBs in Japan and other high-income countries.2 For
example, the results of this work support the findings of a study
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Figure 1. Values of systolic blood pressure by cluster for men, predicted by ordered linear regression analysis adjusting for age,
income and classification error, with 95% confidence intervals
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conducted in the United Kingdom, which identified a small
cluster characterized by heavy smoking and physical inactivity
and whose participants were more likely to be overweight=obese
and in a more disadvantaged socio-economic position.39

The association between higher systolic blood pressure and
male members of the largest cluster, ‘Inactive, drinkers’, char-
acterized by heavy drinking and physical inactivity, is a pressing
concern. Given that members of this cluster also have a higher
income than other clusters, aspects of the male-dominated white
collar Japanese workplace culture, often denoted as the smoking
and drinking, hard-working and hard-playing ‘salaryman’,40 may
have long-term negative health consequences for these men.

Conclusion
This detailed investigation of HRB clustering within the Japanese
population addresses an important gap in the evidence base.
Detecting distinct clusters of HRBs in a Japanese population-
based survey provides a person-centered understanding of
Japanese lifestyles that can inform population level interventions
to improve HRBs among Japanese adults. Understanding how
HRBs cluster in the Japanese population can also assist overseas
policy makers to identify new strategies for targeting behavioral
risk factors and make health promotion policies more effective.
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