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ABSTRACT

Background: We sought to investigate the optimal values of BMI for the lowest risk of all-cause death and whether the optimal
BMI differs according to smoking status in large-scale pooled analysis of 13 Japanese cohorts.

Methods: Data from 179,987 participants of 13 well-qualified cohort studies conducted throughout Japan were used for our
analysis. A cohort-stratified Cox proportional hazard model was used. P values for interactions were calculated based on the
cross product of BMI and age, sex, or smoking status.

Results: In the entire study population, all-cause mortality risk was lowest when the BMI was 22.0–24.9 kg=m2. This was also
the case for selected healthy participants (never smoked, baseline total cholesterol level ≥4.1mmol=L; the first 5 years of
follow-up data were excluded). No effect modification of age, sex, or smoking status was observed. Regardless of their BMI,
never smokers always had a lower all-cause mortality risk than did current smokers even with an ideal BMI in terms of mortality
risk.

Conclusion: A BMI of 22–24.9 kg=m2 correlated with the lowest risk of mortality, regardless of whether all participants or
selected healthy participants were analyzed. The fact that smoking was more strongly associated with mortality than obesity
emphasizes the urgency for effective anti-smoking programs.

Key words: body mass index; pooled analyses; all-cause mortality; prospective studies

Copyright © 2018 Atsushi Hozawa et al. This is an open access article distributed under the terms of Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

INTRODUCTION

The U-shaped or J-shaped association between body mass index
(BMI) and all-cause death was shown in previous studies.1–10

Among individuals with low BMI values, smoking status is one
of the major confounding factors of the association between BMI
and all-cause death.11–15 To identify the optimal BMI is important
to set the target value for preventing all-cause death. However,
the optimal values of BMI for the lowest risk of all-cause death
are unclear. In addition, whether the optimal BMI differs
according to smoking status in Japanese was uncertain. If the
optimal BMI differs, we may change the target value of the BMI

according to smoking status. Meanwhile, it is not easy to detect
the precise association between BMI and all-cause death because
the association is generally influenced by various confounders.
Thus, we need to analyze large-scale data stratified by some
confounders. We believe that our large cohort database makes it
possible to answer our clinical questions.

The Evidence for Cardiovascular Prevention from Observa-
tional Cohorts in Japan (EPOCH-JAPAN) study analyzed pooled
data from multiple investigations of the relation between health
examination measures, such as laboratory measures and lifestyle
factors, and mortality in the Japanese population.16–19 We aimed
to determine the optimal BMI in relation to the lowest risk of all-
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cause death in the Japanese population using a large-scale pooled
analysis of Japanese cohort studies. We also investigated whether
optimal BMI differs according to smoking status.

METHODS

Study participants
The EPOCH-JAPAN study was a pooled analysis of 13 well-
qualified cohort studies (Tanno-Sobetsu study, Ohsaki cohort
study, Ohasama study, Oyabe study, Yoshida Kogyo Kabushiki-
gaisha [YKK] workers study, Suita study, Radiation effects
research foundation [RERF] cohort study, Hiyasama study, Japan
collaborative cohort [JACC] study, National Integrated Project
for Prospective Observation of Non-communicable Disease And
its Trends in the Aged [NIPPON DATA]80, NIPPON DATA90,
Ibaraki Prefectural Health Study [IPHS], and Shiga Prefectural
Medical Insurance [SPMI] cohort study) conducted in Japan.16–19

It included a total of 188,321 participants (70,613 men and
117,708 women) aged 40–89 years at baseline. The baseline
years were from 1987 to 1995, and the average follow-up period
was 10 years. The details of this project have been described
previously.16 All cohort studies contributing to the EPOCH-
JAPAN study were approved by the research ethics committees at
each study center and have been described in detail in peer-
reviewed publications.

A total of 187,292 participants aged 40–89 years who meas-
ured BMI at baseline from 13 cohorts were included in the
present study. We excluded 7,305 participants owing to missing
data for smoking status (n = 4,798) or total cholesterol (TC)
(n = 2,507). Finally, 179,987 participants (68,282 men and
111,705 women) from 13 cohorts were included in our analysis.

Measurements
The study endpoint was all-cause death, and the exposure of
interest was BMI. Body weight in light clothing was measured
using a standardized body weight calculator, and BMI was
calculated based on the height in stocking feet and the weight. We
set age, smoking status, and TC level as covariates. We classified
smoking status into non-smoker, past-smoker, and current smoker.
In two cohorts (Ohasama and Oyabe), former smokers were
classified as non-smoker. TC level was measured using enzymatic
method in all cohorts.

Statistical analysis
Continuous variables are shown as the mean and standard devia-
tion or the median and interquartile range. Categorical variables
are shown as the number and proportion. We calculated the crude
mortality rate and the hazard ratio (HR) for all-cause death.

To describe the all-cause mortality risk associated with a range
of BMIs, we equally divided the participants into 40 groups
according to its distribution. We estimated age- and smoking-
adjusted HRs and 95% confidence intervals based on an arbitrarily
determined reference category (the 24th quantile: mean BMI,
23.8 kg=m2). A Cox proportional hazard model was used, and the
study cohorts were treated as stratification variables.16

We analyzed the relation between BMI and all-cause mortality
in a sample restricted to healthy participants who had never
smoked and had a TC level ≥4.1mmol=L (160mg=dL) at
baseline to exclude the effects of smoking, malnutrition, and
exhaustion on BMI.4 This sub-group analysis did not include the
data from the first 5 years of the follow-up period.4

To assess interactions, we used 11 BMI categories: <19,
19–19.9, 20–20.9, 21–21.9, 22–24.9 (reference category),
25–25.9, 26–26.9, 27–27.9, 28–28.9, 29–29.9, and ≥30 kg=m2.
To examine multiplicative interactions between age and BMI, we
determined the significance of the cross product of each age group
(40–64, 65–74, and 75–89 years) and BMI category using the
likelihood ratio test. A similar method was used to examine
interactions between sex and BMI and smoking status (excluding
past smokers) and BMI.

To determine the association between BMI and all-cause
mortality according to age, sex, and smoking status, we used a
combination of the age, sex, smoking status, and BMI categories.
In these analyses, 40–64 year-old men who had never smoked
and had a BMI of 22–24.9 kg=m2 were used as the reference
group.

All statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Our study included 179,987 (68,282 men and 111,705 women)
participants. The baseline characteristics of study participants
according to BMI category are shown in Table 1. The mean age
of all participants was 58.7 years, and the mean BMI was
23.3 kg=m2. Participants were more likely to be younger as BMI
increased, and men had lower BMI compared with women. In
addition, participants had lower proportion of current smokers,
lower proportion of current alcohol drinkers, higher TC level, and
higher TG level as BMI increased. During the average 9.8-year
follow-up, 17,166 participants (9,503 men and 7,663 women)
died. The baseline characteristics per each cohort are indicated in
eTable 1.

Figure 1A shows the age-, sex-, and smoking-adjusted relation
between BMI and all-cause mortality for all participants. The U-
shaped figure showed that significant increases in the risk of all-
cause mortality were observed in those with BMI 21 kg=m2 or
lower and BMI and 29 kg=m2 or higher. When we restricted the
analyses to the healthy sample (ie, never smoking, total cholesterol
4.1mmol=L or greater, and followed up for at least 5 years),
significant increases in the all-cause mortality risks were still
observed in subjects with BMI lower than 19 kg=m2 and 29 kg=m2

or higher (Figure 1B).
A U-shaped relationship was also obtained when a BMI range

of 22–24.9 kg=m2 was used as the reference category (Figure 2A).
Among all study participants, mortality rates were significantly
higher in those with a BMI <19, 19–19.9, 20–20.9, or ≥30 kg=m2

compared with those in the reference category. Risk of BMI
<19 kg=m2 was consistently higher in each cohort except for one
cohort (Range of HRs, 0.83–1.82), and risk of BMI ≥30 kg=m2

was also consistently higher in each cohort except for one cohort
(Range of HRs, 0.90–3.31). When we restricted to the healthy
sample, increased mortality risk associated with BMI <21 kg=m2

was unchanged, but increased mortality risk associated with
higher BMI became more evident. Statistically significantly
increased mortality risk was observed from those with BMI
28 kg=m2 and more (Figure 2B).

Overall, age-stratified analyses showed that age did not affect
the relation between BMI and mortality (P = 0.74) (Figure 3A).
In sex-specific analyses, the impact of age on the association
between BMI and all-cause death was essentially unchanged
(Figure 3B for men and Figure 3C for women). This relation was
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also unaffected by sex (P = 0.32) (Figure 4) and smoking status
(never smokers versus current smokers) (P = 0.12). However, it
is noted that current smokers with a BMI of 22–24.9 kg=m2 (the
lowest risk category for current smokers) were at greater risk of
death than never smokers with a BMI <18.9 kg=m2 or ≥30 kg=m2

(the highest risk categories for never smokers) (Figure 5A). In
sex-specific analyses, the impact of smoking status on the
association between BMI and all-cause death was essentially
unchanged (Figure 5B for men and Figure 5C for women).

DISCUSSION

This large-scale prospective pooled analysis describes the
relationship between BMI and all-cause mortality. It reconfirms
that individuals with BMIs of 22.0–24.9 kg=m2 have the lowest
mortality risk. These BMIs therefore represent the desired targets
for reducing the risk of all-cause mortality in the Japanese
population. No statistical interactions of age, sex, or smoking
status with BMI for all-cause mortality were observed.

To identify favorable and unfavorable BMI ranges under no
assumption of the shape of the relationship, 40 finely graduatedTa
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Figure 1. Relation between body mass index and all-cause
mortality using 40 groups according to the
quantile: EPOCH-JAPAN. A: Total participants, B:
Healthy participants. Vertical line: hazard ratio for
all-cause mortality; horizontal line: body mass
index; dots showed age-sex-smoking adjusted
hazard ratio and 95% confidence intervals. Study
cohorts were used as stratification variable.
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groups were compared, and we found that mortality risks
were significantly higher when the BMI was <22 kg=m2 and
≥30 kg=m2.

We also analyzed healthy subjects (never smoked, baseline TC
level ≥4.1mmol=L, followed up for at least 5 years) in our study.
More pronounced increases in mortality risks were observed in
healthy subjects with a BMI of 27–29 kg=m2 than in all subjects
with a BMI of 27–29 kg=m2. This finding would be consistent
with the previous finding that the relation between BMI and
morality was modified via health condition, although interactions
were not statistically significant in the present study.4 Individuals
in poor health might have a lower BMI than healthy individuals.
In our study, stratifying by mortality risk factors (age, sex, and
smoking status) in individuals with a low BMI did not alter the
relation between low BMI and increased mortality. Hence, a
low BMI may be a mortality risk factor in and of itself. Further
studies assessing the association between low BMI and all-cause
mortality are needed to identify the underlying mechanisms.

In this study, we checked the presence of significant interac-
tions of age, sex, and smoking with BMI for all-cause mortality,

and we found that there were no evident interactions. This finding
indicates that BMI may be a marker of all-cause mortality
irrespective of age or sex.

In an analysis using never smokers with a BMI of 22–24.9
kg=m2 as the reference category, we found that current smokers
with an ideal BMI (22–24.9 kg=m2) associated with lowest
mortality had a higher mortality risk than did never smokers with
a non-ideal BMI (<19 kg=m2 or ≥30 kg=m2). Fear for potential
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Figure 3. Relation between body mass index and all-cause
mortality stratified by age category: EPOCH-
JAPAN. A. Total participants, B. Only men, C.
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dots showed age-sex-smoking adjusted hazard
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increases in weight or a subsequent incremental risk of metabolic
syndrome, might deter some individuals from quitting smoking.20

However, our data clearly show that smoking prevention is an
important priority.

The advantage of this study is its use of a large dataset and a
relatively long follow-up period. Use of the EPOCH-JAPAN
dataset allowed us to establish 40 groups for assessing the relation
between BMI and mortality, as well as to explore in depth the
interactions of BMI with age, sex, and smoking status.

The present study had several limitations. First, we note that
the 13 prospective cohort studies in the dataset were performed
many years before the pooled analysis (ie, the EPOCH-JAPAN
study) was performed. Hence, it was difficult to obtain detailed
information on diseases (eg, severe diabetes, respiratory disease,
and cancer) that may have resulted in weight loss. It is possible
that individuals with serious diseases were included in our
analyses, even those presumably restricted to healthy individuals.
Because serious illness might lead to death early in the follow-up
period, excluding the data in the first 5 years of the follow-up
from the analysis might compensate at least in part for the lack of
disease-related information. Second, temporal change in BMI was
not investigated because the BMI value was included at baseline
data only in EPOCH-JAPAN study. Thus, upward or downward
trends of BMI may induce misclassification of BMI categories.
Finally, the measurement methods of covariates, including
smoking status, were not identical among cohorts. We took into
account the difference of measurement methods by considering
cohort as strata in the Cox proportional hazard models.

In conclusion, we described the relation between BMI and all-
cause mortality using data from a large pooled analysis of the
Japanese population in the present study. A BMI of 22–24.9
kg=m2 correlated with a low risk of mortality, regardless of
whether all participants or selected healthy participants were
analyzed. Age, sex, and smoking status did not affect the relation
between BMI and all-cause mortality. Regardless of their BMI,
never smokers had a lower all-cause mortality risk than did
current smokers with an ideal BMI; this finding emphasizes the
urgency for effective anti-smoking programs.
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