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A bs tr ac t

Background
Most studies that have evaluated the association between the body-mass index (BMI) 
and the risks of death from any cause and from specific causes have been conducted 
in populations of European origin.
Methods
We performed pooled analyses to evaluate the association between BMI and the risk of 
death among more than 1.1 million persons recruited in 19 cohorts in Asia. The analy-
ses included approximately 120,700 deaths that occurred during a mean follow-up pe-
riod of 9.2 years. Cox regression models were used to adjust for confounding factors.
Results
In the cohorts of East Asians, including Chinese, Japanese, and Koreans, the lowest 
risk of death was seen among persons with a BMI (the weight in kilograms divided 
by the square of the height in meters) in the range of 22.6 to 27.5. The risk was ele-
vated among persons with BMI levels either higher or lower than that range — by a 
factor of up to 1.5 among those with a BMI of more than 35.0 and by a factor of 2.8 
among those with a BMI of 15.0 or less. A similar U-shaped association was seen 
between BMI and the risks of death from cancer, from cardiovascular diseases, and 
from other causes. In the cohorts comprising Indians and Bangladeshis, the risks 
of death from any cause and from causes other than cancer or cardiovascular dis-
ease were increased among persons with a BMI of 20.0 or less, as compared with 
those with a BMI of 22.6 to 25.0, whereas there was no excess risk of either death 
from any cause or cause-specific death associated with a high BMI.
Conclusions
Underweight was associated with a substantially increased risk of death in all Asian 
populations. The excess risk of death associated with a high BMI, however, was 
seen among East Asians but not among Indians and Bangladeshis.
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Over the past few decades, there 
has been a dramatic increase in the prev-
alence of obesity in many countries. The 

World Health Organization (WHO) estimates that 
more than 1 billion adults worldwide are over-
weight; of these, at least 300 million are obese.1 
A large number of epidemiologic studies have 
evaluated the associations between body weight 
and, more often, the body-mass index (BMI; the 
weight in kilograms divided by the square of the 
height in meters) and a wide range of health out-
comes. Obesity is associated with multiple chron-
ic diseases, including type 2 diabetes, hyperten-
sion, coronary heart disease, stroke, and several 
cancers.2 Since most of the studies have been 
conducted in populations of European origin, 
however, the dose–response relationship between 
BMI and the overall risk of death among Asians, 
who account for more than 60% of the world 
population, remains unclear.

The definitions of overweight (BMI ≥25.0) 
and obesity (BMI ≥30.0) are based essentially on 
criteria derived from studies that involved popu-
lations of European origin. The validity of these 
criteria in Asian populations has yet to be deter-
mined. It has been suggested that the associa-
tions of BMI with body composition and health 
outcomes may differ between Asian and Euro-
pean populations.3 Studies have shown that for 
a given BMI, Asians generally have a higher per-
centage of body fat than do Europeans.3 Asian 
populations have also been shown to have an 
elevated risk of type 2 diabetes, hypertension, and 
hyperlipidemia at a relatively low level of BMI.3 
On the basis of these observations, it has been 
proposed that the BMI cutoff points for over-
weight and obesity should be lower for Asian 
populations than they are for European popula-
tions (suggested cutoff points for Asians, ≥23.0 
for overweight and ≥27.5 for obesity).3 However, 
a 2004 consensus statement from the WHO con-
cluded that the available data were not sufficient 
to support Asian-specific cutoff points to define 
overweight and obesity.3 The optimal weight 
range associated with a minimal risk of death in 
Asian populations remains controversial.

To address these unresolved issues, we evalu-
ated the relationship between BMI and the risk 
of death using data from 19 cohorts, involving 
more than 1 million participants. Conducted as 
part of the Asia Cohort Consortium, this pooling 
project, with its large sample, provides the op-
portunity not only to address carefully the meth-

odologic challenges that cannot be handled ad-
equately in any single study but also to evaluate 
the associations according to major Asian ethnic 
groups.

Me thods

Study Population

We identified cohorts that would be potentially 
eligible for inclusion in the Asia Cohort Consor-
tium BMI Project through a systematic search of 
the literature in early 2008, followed by a survey 
that was sent to the investigators associated with 
each cohort to further determine eligibility for 
the study. A total of 19 cohorts were included in 
the pooling project. With the exception of the 
Taiwan Cardiovascular Disease Risk Factors Two-
Township Study (CVDFACTS) cohort, all the co-
horts had accrued at least 5 years of follow-up 
data and included a minimum of 10,000 partici-
pants with baseline data on BMI. All the partici-
pating cohorts were required to have available 
baseline data on BMI, age, sex, and cigarette-
smoking status and follow-up data on deaths 
from any cause. Additional data were collected 
on selected baseline illnesses and cause-specific 
deaths. Individual data from participating co-
horts were collected and harmonized for the sta-
tistical analysis. This study was approved by the 
ethics committee overseeing each of the partici-
pating studies and by the ethics committee at the 
Fred Hutchinson Cancer Research Center. Writ-
ten or oral consent was obtained from all the 
subjects who participated in the study.

A total of 1,155,676 subjects were included in 
the 19 participating cohorts. We excluded from 
the analysis subjects with missing data on age (2 
subjects), BMI (13,780), and vital status (7). In 
addition, we excluded subjects who were younger 
than 18 years of age (14 subjects), those who had 
a BMI of more than 50 (174), and those for 
whom data on survival were invalid or missing 
(105). After these exclusions, 1,141,609 subjects 
remained (535,199 men and 606,410 women).

Statistical Analysis

The association between BMI and the risk of 
death was analyzed with the use of Cox propor-
tional-hazards regression models, with a cate-
gorical representation of BMI as the predictor 
variable. To define BMI groups for the analysis, 
we used the BMI cutoff points of more than 25.0 
for overweight and more than 30.0 for obesity. 

The New England Journal of Medicine 
Downloaded from nejm.org on February 28, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



bmi and Risk of Death in More Than 1 Million Asians

n engl j med 364;8 nejm.org february 24, 2011 721

We then established 10 BMI levels that included 
the lowest BMI group (≤15.0) and the highest 
(>35.0) and 8 levels in between, each comprising 
2.5 BMI units (i.e., ≤15.0, 15.1 to 17.5, 17.6 to 
20.0 . . . 32.6 to 35.0, and >35.0). Using the 
BMI range of 22.6 to 25.0 as the reference, we 
estimated hazard ratios and 95% confidence in-
tervals for the other BMI ranges, after adjusting 
for potential confounders, including baseline 
age, sex, educational level, urban or rural resi-
dence, and marital status. We performed addi-
tional analyses in which we also adjusted for the 
variables of cigarette-smoking status (former or 
current smoker vs. lifetime nonsmoker) and sta-
tus with respect to known baseline conditions 
(cancer, coronary heart disease, stroke, diabetes, 
and hypertension). Analyses were performed sep-
arately on data from the Indian and Bangladeshi 
population and the East Asian population (Chi-
nese, Japanese, and Koreans), since there is con-
siderable heterogeneity between these two popu-
lations. Prespecified stratified analyses were 
performed according to smoking status and sex 
to evaluate the consistency of the associations. 
Some analyses were performed among lifetime 
nonsmokers to eliminate the potential confound-
ing effect of cigarette smoking on the association 
between BMI and the risk of death. To minimize 
the influence of possible “reverse causation” (ill-
nesses causing low BMI) owing to the presence 
of terminal diseases at baseline in some subjects, 
we excluded the first 3 years of follow-up and 
restricted some analyses to subjects who did not 
have a history of cardiovascular disease, stroke, 
or cancer at baseline and other analyses to life-
time nonsmokers without these conditions at 
baseline. The ages of the subjects when they en-
tered and exited the cohort were used to define 
the time variable in the Cox models. The age at 
exit from the cohort was defined as the age at 
death or the age at the end of the follow-up pe-
riod, whichever was earlier.

In the models, the effect of BMI on the risk 
of death was assumed to be cohort-specific. For 
each cohort, we assumed that the log hazard 
ratio for BMI had a fixed-effect component that 
was common to all cohorts within each of the 
two major Asian populations (one comprising 
East Asians and the other compromising Indians 
and Bangladeshis) and a random effect that was 
cohort-specific. The random effects for the log 
hazard ratios were assumed to be normally dis-
tributed, with mean zero; that is, we assumed 

that β̂ij, the estimated log hazard ratio for the 
BMI level in a cohort, where j is the BMI level 
and i is the cohort, has the distribution β̂ij ~ 
N(βj, σ̂ij

2 + τ̂j
2 ), where σ̂ij

2 is the within-study vari-
ance of β̂ij and τ̂j

2 is the between-cohort variance 
of β̂ij, as estimated from the Cox regression 
model.4,5 The βj parameters and their 95% con-
fidence intervals were estimated in the meta-
analysis. Cox model estimation for each cohort 
was performed with the use of the PHREG pro-
cedure in SAS, version 9.2. The meta-analysis 
estimation was performed with the use of the 
PROC MIXED procedure in SAS.

R esult s

Study Population

More than 1.14 million participants from 19 co-
horts were included in the analysis (Table 1). 
Overall, the mean (±SD) BMI for the study popu-
lation was 22.9±3.6 (range, 19.8 to 23.7). Nearly 
34% of the study subjects were current or for-
mer smokers. Over a mean follow-up period of 
9.2 years, approximately 120,700 cohort mem-
bers died. Approximately two thirds of the deaths 
were due to cardiovascular diseases (35.7%) or 
cancer (29.9%), and the other third to other 
causes (34.3%). Considerable variation, however, 
existed across the cohorts.

Association between BMI and Risk of Death 
from Any Cause

In both Asian populations, the adjusted hazard 
ratios for death from any cause were elevated 
among groups with BMIs lower than the refer-
ence range of 22.6 to 25.0 (Table 2). Subjects in 
the lowest BMI group (≤15.0) had a risk that was 
increased by a factor of approximately 2.0 to 2.8. 
Among groups with BMIs higher than the refer-
ence range, the hazard ratios for death from any 
cause were elevated in the East Asian population 
but not in the Indian and Bangladeshi popula-
tion. In general, the magnitude of the associa-
tion was similar between subjects who were cur-
rent or former smokers and those who were 
lifetime nonsmokers. The results for men and 
women were similar to the results of combined 
analyses of data from men and women (Tables 1 
and 2 in the Supplementary Appendix, available 
with the full text of this article at NEJM.org).

To evaluate the possible influence of reverse 
causation, we performed analyses that excluded 
subjects with a baseline diagnosis of coronary 
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heart disease, stroke, or cancer (Table 3). Ex-
cluding these subjects had only a minimal effect 
on the point estimate of hazard ratios for the 
association between BMI and the risk of death 
from any cause. Excluding 2 additional years of 
follow-up (i.e., excluding the first 5 years instead 
of the first 3 years) slightly attenuated the posi-
tive association of the risk of death with low 
BMI but had no effect on the results for high-
BMI groups. In an analysis in which current or 
former smokers were excluded, the elevated risk 
associated with a lower BMI was attenuated, 
whereas the positive association with a higher 
BMI among East Asians was slightly strength-
ened. No positive association between death 
from any cause and a high BMI was seen in the 
Indian and Bangladeshi population in any of the 
analyses, regardless of the types of exclusions. 
These results indicate that any possible reverse 
causation was adequately addressed in the anal-
yses that were performed on data from lifetime 
nonsmokers, after the exclusion of deaths that 
occurred within the first 3 years of follow-up 
— an approach that was used in all the main 
analyses in this study.

Association between BMI and Risk of Death 
from Specific Causes

As with the findings for death from any cause, a 
U-shaped association was seen between BMI and 
the risk of death from cardiovascular disease, 
cancer, or other causes among East Asians but 
not among Indians and Bangladeshis (Fig. 1). In 
fact, no elevated risk of death from any of these 
three causes was seen in the high-BMI groups of 
Indians and Bangladeshis. The positive associa-
tion between a low BMI and the risk of death was 
strongest for death from causes other than car-
diovascular disease or cancer. The results of 
analyses stratified according to smoking status 
were, in general, consistent with the pattern 
shown in Figure 1, although point estimates for 
some BMI categories were not significant, owing 
to the small sample (Tables 3 and 4 in the Sup-
plementary Appendix).

The strikingly positive association between 
low BMI and death from causes other than car-
diovascular disease or cancer was primarily the 
result of deaths due to respiratory diseases (Fig. 
2). After exclusion of deaths from respiratory 
diseases, the positive association with low BMI 
was substantially reduced. The association be-

tween BMI and death from respiratory diseases 
was similar in smokers and nonsmokers (Fig. 1 
in the Supplementary Appendix). It is possible 
that the strong association observed between 
low BMI and death from respiratory diseases 
could be explained, in part, by reverse causation, 
since respiratory disease can lead to weight loss 
long before the clinical diagnosis is made.

Discussion

In the pooled analysis of approximately 850,000 
East Asians, both a low BMI and a high BMI were 
associated with an increased risk of death from 
any cause and of cause-specific death, resulting 
in an overall U-shaped association. Analyses of 
data from more than 287,000 Indians and Ban-
gladeshis, however, showed an elevated risk of 
death only among those with a low BMI. This 
large pooled analysis not only provides reliable 
estimates of the overall effect of BMI on the risk 
of death from any cause and of cause-specific 
death among Asians, but also offers opportuni-
ties for a careful evaluation of the association 
between low BMI and the risk of death that could 
not be adequately investigated in most previous 
studies, which were conducted in populations of 
European origin.

A U-shaped association between BMI and the 
risk of death was also seen in a recent pooled 
analysis of data from the Prospective Studies 
Collaboration (PSC), involving 900,000 partici-
pants in 57 prospective studies, mostly in West-
ern Europe and North America.6 Only 8% of the 
PSC populations were Asians (Japanese). In our 
analysis of data from Indians and Bangladeshis, 
however, a virtually inverse association between 
BMI and death from any cause was seen. Even 
among East Asians, the shape of the curve for 
the association in our analysis was quite differ-
ent from that in the PSC, as were the hazard 
ratios (which were higher at the low-BMI range 
among Asians than in the European population 
and higher at the high-BMI range in the Euro-
pean population than among Asians). Over the 
past 10 years, several large cohort studies have 
also evaluated the association between BMI and 
the risk of death, again mostly in populations of 
European origin.6-10 Although the BMI group-
ings that were used varied among the studies, 
these studies, in general, have shown that the 
lowest risk of death is associated with a BMI in 
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the range of 23 to 27, regardless of the study 
population. The finding that the same optimal 
weight range is associated with the lowest risk 
of death both in the current study of East Asians 
and in previous studies involving populations of 
European origin argues strongly against the use 
of race- or ethnicity-specific BMI cutoff points 
to define overweight and obesity.

In a longitudinal analysis of approximately 

1.2 million Koreans in the Korean Cancer Pre-
vention Study (KCPS), Jee et al. reported a J-shaped 
association between BMI and the risk of death 
from any cause.9 The BMI category associated 
with the lowest overall risk of death was 21.5 to 
27.9 in the KCPS, which is similar to the find-
ings among East Asians in our study (Tables 5, 
6, and 7 in the Supplementary Appendix). How-
ever, for some of the analyses, the magnitude of 
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Figure 1. Association between Body-Mass Index and Risk of Cause-Specific Death in Two Asian Populations.

Hazard ratios are shown for the association between body-mass index (BMI, the weight in kilograms divided by the 
square of the height in meters) and risk of death from cardiovascular disease (CVD), from cancer, and from other 
causes among East Asians (Chinese, Japanese, and Koreans) and Indians and Bangladeshis. Panels A and B show 
the hazard ratios without confidence intervals, and Panels C and D show the same data with 95% confidence inter-
vals (I bars). The analyses were adjusted for age, sex, educational level, urban or rural residence, marital status, and 
status with respect to baseline illnesses; data from subjects with less than 3 years of follow-up were excluded.
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the associations differs between the KCPS and 
our study. Extensive exclusions were made in the 
KCPS; subjects with a baseline diagnosis of coro-
nary heart disease, cancer, liver disease, diabe-
tes, stroke, or respiratory disease were not in-
cluded in that study. Most other cohort studies 
have not made such extensive exclusions from 
their analyses, nor did we in our study. Because 
only about 16,000 Koreans were included in our 
analysis, the East Asian group in our study con-
sisted primarily of Chinese and Japanese sub-
jects. Therefore, differences in characteristics 

across these populations could also contribute 
to inconsistencies between the findings of our 
study and those of the KCPS.

Although the risk of death is the most critical 
measure of the health consequences of excess 
adiposity, epidemiologic studies examining the 
relationship between body weight and the risk of 
death are fraught with methodologic challeng-
es.11,12 The most important of these is the prob-
lem of reverse causation, in which weight loss 
resulting from illness can distort the relation-
ship between leanness and health. An additional 
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Figure 2. Association between the Body-Mass Index and the Risk of Death from Respiratory Diseases or Other Causes.

Hazard ratios are shown for the association between BMI and risk of death from respiratory diseases and from 
causes other than respiratory diseases, cardiovascular causes, or cancer (other) among East Asians (Chinese, Japa-
nese, and Koreans) and Indians and Bangladeshis. Panels A and B show the hazard ratios without confidence inter-
vals, and Panels C and D show the same data with 95% confidence intervals (I bars). The analyses were adjusted for 
age, sex, educational level,  urban or rural residence, marital status, and status with respect to baseline illnesses; 
data from subjects with less than 3 years of follow-up were excluded.

The New England Journal of Medicine 
Downloaded from nejm.org on February 28, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 364;8 nejm.org february 24, 2011728

concern is confounding, mainly by smoking 
status, since smokers often have a lower body 
mass than do nonsmokers. To address these 
problems, investigators in multiple studies have 
performed analyses using data from nonsmok-
ers only and from people who reported no seri-
ous underlying illness at the time of enrollment 
or have excluded from the analyses the early 
years of follow-up.13-16 However, in our study, 
the PSC project, and the KCPS, as well as in 
some other large cohort studies,6-10 a J-shaped 
or U-shaped relation between BMI and the risk 
of death persisted after major methodologic is-
sues were addressed.

There is substantial evidence supporting the 
biologic plausibility of a positive association be-
tween excess adiposity and the risk of death. 
Obesity is a well-established risk factor for numer-
ous chronic diseases.2 Adipose tissue has been 
increasingly recognized as an active endocrine 
organ, capable of releasing a large number of 
cytokines and bioactive mediators that play im-
portant roles in the pathogenesis of many obesity-
related diseases.17 In contrast, the increased risk 
of death associated with a low BMI, observed in 
our study and in other studies, remains to be 
fully explained. Inadequate or incomplete con-
trol for confounding or reverse-causation bias 
could in part explain the increased risk.18 A re-
sidual influence of reverse causation may remain 
in our study, particularly since we did not have 
information on the presence of infections and 
on diagnoses of chronic lung disease at baseline; 
therefore, data from subjects with those condi-
tions could not be excluded from our analysis. 
A low BMI can be an indicator of certain other 
chronic medical conditions that were not ade-
quately controlled in the study or an indicator of 
poor health or a low standard of living, which 
may contribute to such conditions as undernu-
trition and may increase the risk of premature 
death.19 Several cohort studies have shown that, 
even among persons with a low BMI, an elevated 
waist-to-hip ratio or waist circumference (each 
of which is a measure of abdominal adiposity) 
was associated with a significantly increased risk 
of death10,20; this suggests that the observed ex-
cess risk of death among subjects with a low 
BMI may be due, in part, to abdominal adiposity, 
which cannot be assessed adequately on the ba-
sis of the BMI.21

We did not assess the risk of death in relation 

to abdominal obesity, which may be a particu-
larly important factor in Asian populations. In 
the case of several cohorts participating in this 
consortium, the interval between the assessment 
of BMI and the ascertainment of the outcome of 
death was relatively short, raising concern about 
the effects of subclinical or undiagnosed chron-
ic diseases on the results. Data from subjects 
with self-reported height and weight measure-
ments were included in our analysis, although 
the pattern of association between BMI and 
death from any cause was similar regardless of 
the method for assessing height and weight 
(Table 9 in the Supplementary Appendix). Socio-
economic status could confound the association 
between BMI and the risk of death, since in less 
well-developed countries, people with a high 
BMI are more likely to have a high socioeco-
nomic status (and thus better access to health 
care) than are those with a lower BMI. Although 
we adjusted for several indicators of socioeco-
nomic status, such as educational level, which is 
a major measure of socioeconomic status, it is 
possible that residual confounding effects of 
socioeconomic status remain that could attenu-
ate the positive association between high BMI 
and the risk of death.

In conclusion, this large pooled analysis re-
vealed a U-shaped association between BMI and 
the risk of death in East Asians, with a pattern 
broadly similar to that seen in previous studies 
involving mostly North American and European 
populations. In Indians and Bangladeshis, how-
ever, no elevated risk of either death from any 
cause or cause-specific death was seen in high-
BMI groups. Overall, the risk of death among 
Asians, as compared with Europeans, seems to 
be more strongly affected by a low BMI than by 
a high BMI. Given the limitations of the current 
study, in which the risk of death was used as the 
outcome, additional studies are needed to quan-
tify the association between BMI and the inci-
dence of disease, in order to better define BMI 
criteria for overweight and obesity in Asians.
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