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Abstract
Obesity is associated with an increased risk of diabetes mellitus, hypertension, and coronary artery disease; however, the relation
between body mass index (BMI) and the risk of all-cause mortality is controversial. We prospectively examined the relationship
between BMI and all-cause mortality in 123,384 Chinese men and women who participated in the Kailuan health examination study
from 2006 to 2007 and 2008 to 2009. Cases included 6218 deaths (5770men and 448 women) that occurred during a mean follow-
up period of 7.39 years. Relative risk was adjusted for factors such as age, serum lipid levels (ie, triglyceride, high-density lipoprotein,
and low-density lipoprotein cholesterol), history of smoking and drinking, and physical activity, as well as a medical history of
hypertension, diabetes, myocardial infarction, and stroke. Within the cohort, the lowest risk of all-cause mortality was seen among
persons with a BMI of 24 to 28kg/m2 in male, and the risk was elevated among persons with BMI levels lower or higher than that
range. Moreover, all-cause mortality was greatest in the group with a BMI of <18.5kg/m2. In contrast, in female, a high BMI was
associated with increased mortality, and a BMI of<18.5kg/m2 was associated with the lowest risk. Further, a U-shaped association
was seen between BMI and the risk of death from any cause amongmen and women, even after adjusting for confounding factors. In
conclusion, underweight was associated with a substantially increased risk of all-cause mortality in males. The excess risk of all-
cause mortality with a high BMI, however, was seen among females.

Abbreviations: BMI = body mass index, FBG = fasting blood glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C =
low-density lipoprotein cholesterol, TC = total cholesterol.
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1. Introduction

Obesity is a risk factor for numerous health problems,[1] and the
prevalence of obesity continues to increase worldwide.[2] The
Chinese population is no exception, with the 2009 China Health
and Nutrition Survey measuring the prevalence of obesity to be
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10.7% in Chinese adults. Increased body weight is associated
with a reduced life expectancy as well as early development of
cardiovascular disease.[4] Obesity was estimated to indirectly
cause 3.4 million deaths in 2010.[5]

Although a number of studies have demonstrated an
association between obesity and a higher risk of hypertension,
diabetes mellitus, myocardial infarction (MI), and stroke,
several studies have shown conflicting results. Stamler et al
demonstrated that lean hypertensive patients (body mass index
[BMI] <22) have increased 8-year mortality when compared
with those who are overweight and hypertensive.[6] A recent
study in diabetic patients showed that being overweight was
associated with a lower mortality risk in contrast to low
body weight patients.[7] Lower mortality and lower risk of
readmission for recurrent stroke have been reported for obese
stroke patients.[8] The term “obesity paradox” refers to the
observations above, that although obesity is a major risk factor
in the development of several diseases such as hypertension,
diabetes mellitus, and stroke, obese patients have a survival
benefit.[9,10]

Limited data exist concerning obesity and mortality in Chinese
adults. Therefore, we aimed to clarify the association between
BMI and mortality by studying a large Chinese cohort.

2. Methods

2.1. Study designs and population

The Kailuan study is a prospective cohort study and workforce
survey. The data were obtained from health examination of the
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employees of the Kailuan Company in Tangshan city, which is a
large and littoral modern city located in the central section of the
circulating Bohai Sea Gulf region. The Kailuan community is a
functional and comprehensive community owned and managed
by Kailuan Group. There are 11 hospitals responsible for the
health care of the community. From June 2006 to September
2007 and June 2008 to September 2009, the Tangshan Kailuan
Company sponsored two health examination studies for all
126,847 employees. The participants met the following criteria:
age ≥18 years; provided informed consent; and updating their
health status every 2 years according to the follow-up protocol
until December 2014. Among these subjects, we excluded
patients who had incomplete medical history (n=2911), who
were pregnant (n=109), or who had a history of cancer (n=443).
A total of 123,384 employees (98,637 males and 24,747 females)
were identified who met inclusion criteria. Then, we followed
these participants above from the baseline examination that were
included between June 2006 and September 2007 or between
June 2008 and September 2009 through December 31, 2014, or
to the data of death or otherwise lost to follow-up. The diagnosis
of all-cause death was determined and recorded. Information on
death was collected from death certificates from state vital
statistics offices. All participants underwent questionnaire
assessment, clinical examination, and laboratory assessment.
Data for the employees aged 18 to 98 years (50.6±12.86) were
analyzed.
Standard protocols were used in all the physical examination

measurements, which were performed by specially trained
doctors and nurses. The study was performed according to the
guidelines of Helsinki Declaration and was approved jointly by
the Ethics Committee of the Kailuan General Hospital, Beijing
Chaoyang Hospital. Written informed consent was obtained
from all participants.
2.2. Questionnaire assessment

Questionnaires were administered by research doctors in person.
Demographic and socioeconomic data as well as medical history
including alcohol consumption, smoking status, and physical
activity were obtained. Smoking status was classified using
selfreported information as “never,” “former,” “current,” or
“daily.” Physical activity was evaluated from responses to
questions about the frequency of physical activity at work and
during leisure time. Individuals were classified as “very active
(≥80min/week),” “moderately active (1–79min/week),” or
“inactive (0min/week).” A history of stroke, MI, or tumor
was defined as any self-reported previous physician diagnosis of
stroke,MI, or tumor. Alcohol consumptionwas defined as a daily
consumption of at least 100mL of moderate pure alcohol
(≥50%) per day in the recent year.
Figure 1. The age distribution of study subjects by 5-year group.
2.3. Anthropometric measurements

Height was measured to the nearest 0.1cm using a portable
stadiometer and weight was measured to the nearest 0.1kg
using calibrated platform scales. All the individuals were
measured while they were wearing light clothing without shoes
and hats. BMI was calculated as body weight (kg) divided
by the square of height (m2). According to Chinese guidelines
for overweight and obesity, the BMI criteria (<18.5,
18.5–<24.0, 24.0–<28.0, ≥28.0kg/m2) was used to classify
individuals as underweight, normal, overweight, and obese,
respectively.[11,12]
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2.4. Clinical measurements

Blood samples were obtained from the antecubital vein and
transfused into vacuum tubes containing ethylenediaminetetra-
acetic acid in themorning after an overnight fasting period. Tubes
were centrifuged at 3000g for 10minutes at room temperature.
After separation, plasma samples were used within 4hours.
Fasting blood glucose (FBG) was measured with the hexokinase/
glucose-6-phosphate dehydrogenase method. Total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C) were measured by an
enzymatic method (Mind Bioengineering Co. Ltd, Shanghai,
China; interassay coefficient of variation <10%). All the blood
variables were measured using an autoanalyzer (Hitachi 747;
Hitachi, Tokyo, Japan) at the central laboratory of the Kailuan
General hospital.
2.5. Statistical analyses

Statistical analyses were performed using SPSS 13.0 (SPSS Inc,
Chicago, IL). Continuous data were expressed as mean±
standard deviation and compared using Student t test. Enumera-
tion data were expressed as a percentage. Categorical variables
were described by percentages and compared using the x2

method. The cumulative all-cause mortality was calculated using
the Kaplan-Meier method, and the difference in cumulative
hazard risks was compared using the Log-Rank test. Cox
proportional hazard models were used for multivariate analyses
of all-cause mortality. All statistical tests were 2-sided, and P<
0.05 was accepted as statistically significant. Natural cubic spline
functions were used to model the association between BMI and
all-cause mortality.
3. Results

3.1. Clinical characteristics

After exclusion, analyses were confined to the 123,384
participants (97.27% of the original cohort), which included
98,637 men and 24,747 women. The age of employees was
between 18 and 98 (mean of 50.6±12.86) years. Figure 1 shows
the age distribution of study subjects by 5-year group.
Additionally, those subjects older than 60 years are retire.
Table 1 shows the baseline characteristics of the participants.
Baseline BMIwas stratified into 4 categories, with cutoff points at
18.5, 24, and 28kg/m2. For all participants, BMI strongly
correlated with a history of hypertension, diabetes, MI, and
stroke, for all BMI categories, except for the overweight group
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Table 1

Baseline characteristics of the Kailuan Community Cohort by BMI categories.

BMI

Characteristics <18.5kg/m2 18.5–24kg/m2 24–28kg/m2 ≥28kg/m2 P between groups

Age, y 48.78±18.55 49.95±13.67 51.33±11.92 50.51±12.29 <0.001
Men (%) 1711 (69.7) 35715 (75.9) 42686 (83.3) 18525 (82.0) <0.001
SBP, mmHg 118.56±19.92 125.24±20.28 132.61±20.61 138.16±20.74 <0.001
TC, mg/dL 177.30±39.02 186.56±41.52 192.87±46.02 194.82±46.71 <0.001
HDL, mg/dL 62.76±19.93 60.57±17.30 58.04±16.68 56.69±15.02 <0.001
LDL, mg/dL 81.97±34.75 90.51±38.93 94.65±36.92 95.70±35.87 <0.001
FBG, mg/dL 91.06±26.90 95.45±28.14 100.37±31.10 103.25±31.76 <0.001
Current smokers (%) 726 (30.8) 14846 (32.5) 15901 (31.9) 6564 (29.9) <0.001
Regular alcohol drinking (%) 319 (13.5) 8395 (18.4) 9399 (18.8) 3571 (16.3) <0.001
Regular physical exercise (%) 308 (13.2) 6991 (15.4) 8138 (16.4) 3588 (16.4) <0.001
Work under mining area (%) 587 (24.0) 13658 (30.5) 15637 (32.2) 6755 (31.5) <0.001
Graduation from high school or university 775 (33.6) 10838 (24.2) 10054 (20.6) 4556 (21.2) <0.001
Hypertension (%) 90 (3.9) 3401 (7.6) 7002 (14.4) 4613 (21.5) <0.001
Diabetes (%) 38 (1.6) 1048 (2.3) 1874 (3.8) 966 (4.5) <0.001
Myocardial infarction (%) 6 (0.3) 210 (0.4) 308 (0.6) 173 (0.8) <0.001
Stroke (%) 29 (1.2) 699 (1.5) 1085 (2.2) 521 (2.4) <0.001

Data are expressed as mean±SEM. FBG= fasting blood glucose, HDL=high-density lipoprotein, LDL-C= low-density lipoprotein cholesterol, SBP= systolic blood pressure, TC= total cholesterol.
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(BMI ≥28kg/m ). There were significant differences in age,
percentage of male, the level of TC/HDL-C/LDL-C/FBG, history
of smoking, history of drinking, exercise, working environment,
and education among 4 categories with different BMI (Table 1).

3.2. Association between BMI and all-cause mortality

For all participants, the mean follow-up time was 7.39 years.
During this period, there were 6218 deaths, which included 5770
men and 448women. The all-cause mortality varied substantially
among the 4 BMI categories. The numbers of deaths were 226,
2447, 2455, and 1090, with rates of death from all causes at
9.2%, 5.2%, 4.8%, and 4.8%, according to different BMI
categories, respectively. For each category, male deaths num-
bered 218, 2279, 2283, and 990 with all-cause mortality rates of
12.7%, 6.4%, 4.1%, and 5.3%, respectively. Female deaths
numbered 8, 168, 172, and 100, with all-cause mortality rates of
0.9%, 1.5%, 2%, and 2.5%, according to the different BMI
categories, respectively (Fig. 2).
Using proportional hazards (Cox) regression analysis, hazard

ratios (HRs) of all-cause mortality in underweight, overweight,
and obesity were 1.37 (1.19–1.57), 0.93 (0.88–0.97), and 1.03
(0.96–1.10), respectively. The trend of HR values was similar in
male. However, HR values of the all-cause mortality in
Figure 2. Kaplan–Meier surv
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underweight, overweight, and obesity were 0.96 (0.48–1.99),
0.96 (0.77–1.18), and 1.14 (0.89–1.45), respectively, relative to
normal weight in female. However, examining BMI as a
continuous variable, there was a U-shaped association between
BMI and the risk of all-cause mortality among general
participants, men and women, even after adjusting for age, level
of triglyceride, HDL and LDL-C, history of smoking and
drinking, level of physical activity, medical history of hyperten-
sion, diabetes mellitus, MI, and stroke (Table 2 and Fig. 3). The
association of BMI with all-cause mortality was similar when
analyses were repeated stratifying by age and chronic diseases
including hypertension, diabetes mellitus, MI, or stroke (Tables 3
and 4). The results of our sensitivity analysis confirmed these
findings (Supplemental Table, http://links.lww.com/MD/B203).
4. Discussion

The aim of this large prospective study was to examine the
association between BMI and all-cause mortality to guide public
health recommendations.Weobservedmarkedly greatermortality
rates in the group with the lowest BMI. After adjusting for other
risk factors (e.g., hypertension, diabetes, coronary heart disease,
and stroke),weobservedan increased risk in all-causemortality for
individuals with a BMI<18.5 (HR 1.46; 95% confidence interval
ival curves of participants.

http://links.lww.com/MD/B203
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Table 2

Hazard ration of all-cause mortality based on the BMI categories.

All subjects Male Female

BMI categories HR (95% CI) P HR (95% CI) P HR (95% CI) P

<18.5kg/m2

Model 1 1.86 (1.63∼2.12) <0.001 2.09 (1.82∼2.39) <0.001 0.83 (0.42–1.61) 0.58
Model 2 1.40 (1.23∼1.60) <0.001 1.42 (1.24∼1.62) <0.001 1.13 (0.58–2.22) 0.71
Model 3 1.37 (1.19∼1.57) <0.001 1.39 (1.20∼1.60) <0.001 0.96 (0.48–1.99) 0.96

18.5–24kg/m2

Model 1 1.00 — 1.00 — 1.00 —

Model 2 1.00 — 1.00 — 1.00 —

Model 3 1.00 — 1.00 — 1.00 —

24–28kg/m2

Model 1 0.91 (0.86–0.96) 0.001 0.83 (0.79–0.88) <0.001 1.28 (1.04∼1.58) 0.02
Model 2 0.93 (0.88–0.98) 0.01 0.93 (0.88–0.98) 0.01 0.96 (0.78∼1.18) 0.67
Model 3 0.93 (0.88–0.97) 0.01 0.93 (0.88–0.98) 0.01 0.96 (0.77∼1.18) 0.67

≥ 28kg/m2

Model 1 0.94 (0.88∼1.01) 0.09 0.86 (0.80∼0.92) <0.001 1.64 (1.29∼2.08) <0.001
Model 2 1.03 (0.96∼1.11) 0.36 1.02 (0.95∼1.10) 0.60 1.15 (0.90∼1.46) 0.27
Model 3 1.03 (0.96∼1.10) 0.44 1.01 (0.94∼1.09) 0.70 1.14 (0.89∼1.45) 0.29

BMI=body mass index, CI= confidence interval, HR=hazard ratio. Model 1 stratified for BMI; Model 2 stratified for BMI, adjusted for age, sex; Model 3 stratified for BMI, adjusted for age, sex, TC, HDL, LDL,
smoking history, exercise, alcohol history, education, working environment.

Sun et al. Medicine (2016) 95:32 Medicine
1.273–1.684). This finding is extremely significant because the risk
of death was higher among adult Chinese people in Kailuan
Community with lower BMI, which is most meaningful for
epidemiologic research on body weight and mortality.
A relationship between obesity and chronic disease is well

established.[13] Adipose tissue can be considered as an active
endocrine organ, releasing a large number of cytokines and
bioactive mediators, which contribute to the pathogenesis of
many obesity-related diseases.[14] However, there is also
increased mortality associated with low BMI, as observed in
our study as well as others,[15] with the highest risk of death seen
in those with a BMI of �15.0.[15] Thus, these observations raise
an important question of why the excess risk of death was
associated with a low BMI.
The term“obesity paradox”hasbeenan emergingconceptbased

on a survival benefit of obese patients in MI or congestive heart
failure.[9] It has also been suggested that obese men with chronic
diseases live longer thanmen of normalweight.[10] Better andmore
aggressive medical care and enhanced observation could in part
explain the low risk ofmortality in the personswith a high BMI.[10]

Therefore, BMImay not accurately reflect the risk of complications
in all individuals.[16] A few cohort studies have shown that even
Figure 3. Association between body ma
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among nonobese persons with a low BMI, an increased waist
circumference or waist–hip ratio (as an indicator of abdominal
adiposity) was linked to a significantly increase in mortality in
populations.[17,18] This indicates that the observed excessmortality
risk among lean populations with a low BMI may be because,
partly, of abdominal adiposity, which cannot be assessed fullywith
BMI.[19] In addition, another influence of adverse causation may
remain in our present study, particularly since we did not have
enough informationon the low standardof living condition and the
presence of infections,[20] which may contribute to undernutrition
and increase the risk of premature death.
In this study, we exposed an increased risk for all-cause

mortality in males with a low BMI. In contrast, this phenomenon
does not exist in female patients. Several explanations may be
proposed to account for this sex differential in mortality. First,
smoking and regular alcohol consumption are the most common
risk factors for death in men, whereas psychological distress, role
pressure, and less strenuous exercise are more characteristic of
women.[21,22] Thus, we hypothesized that the factors affecting the
association between BMI and all-cause mortality would be
different in men and women. However, the sex differential in all-
cause mortality related to BMI may be owing to several other
ss index (BMI) and all-cause mortality.



Table 3

The confounding effect of age on the relationship of BMI and all-cause mortality.

Age (years)

BMI categories 18–22 23–27 28–32 33–37 38–42 43–47

<18.5kg/m2

Deaths/all 0/125 0/330 0/194 1/147 5/156 9/189
HR (95% CI) — 0 0 0.92 (0.13–6.83) 2.61 (1.04–6.50) 2.66 (1.35–5.24)

18.5–24kg/m2

Deaths/all 0/563 5/2552 8/2412 27/3033 70/4492 126/6067
HR (95% CI) 1.00 1.00 1.00 1.00 1.00 1.00

24–28kg/m2

Deaths/all 1/209 1/1471 7/1742 15/2761 73/4675 125/6879
HR (95% CI) — 0.32 (0.03–2.81) 0.99 (0.32–2.99) 0.42 (0.22–0.81) 0.87 (0.60–1.22) 0.84 (0.64–1.08)

≥ 28kg/m2

Deaths/all 1/139 2/859 9/953 17/1347 44/2201 68/2961
HR (95% CI) — 1.17 (0.24–6.26) 2.28 (0.81–6.53) 0.86 (0.45–1.40) 1.08 (0.73–1.59) 1.07 (0.79–1.45)

Age, y

BMI categories 48–52 53–57 58–62 63–67 68–72 73–77

<18.5kg/m2

Deaths/ All 14/244 14/233 12/142 28/161 48/207 44/138
HR (95% CI) 1.84 (1.08–3.15) 1.59 (0.93–2.72) 1.4 (0.78–2.50) 1.48 (1.01–2.20) 1.24 (0.92–1.08) 1.24 (0.91–1.71)

18.5–24kg/m2

Deaths/all 274/8269 297/7444 239/3845 333/2957 475/2574 349/1372
HR (95% CI) 1.00 1.00 1.00 1.00 1.00 1.00

24–28kg/m2

Deaths/all 280/10138 371/9640 333/5210 367/3610 483/2721 293/1280
HR (95% CI) 0.82 (0.69–0.96) 0.98 (0.84–1.13) 1.05 (0.88–1.24) 0.92 (0.78–1.07) 0.94 (0.82–1.07) 0.88 (0.75–1.03)

≥ 28kg/m2

Deaths/all 113/4049 168/4091 133/2461 167/1582 231/1068 139/538
HR (95% CI) 0.84 (0.66–1.04) 1.08 (0.89–1.31) 0.91 (0.73–1.11) 0.97 (0.82–1.17) 1.21 (1.03–1.41) 1.03 (0.84–1.26)

Age, y

BMI categories 78–82 83–87 88–92 93–98

<18.5kg/m2

Deaths/all 35/99 28/45 3/14 0/0
HR (95% CI) 1.16 (0.79–1.69) 1.91 (1.25–2.98) 0.75 (0.21–2.52) —

18.5–24kg/m2

Deaths/all 277/910 128/381 31/98 4/13
HR (95% CI) 1.00 1.00 1.00 1.00

24–28kg/m2

Deaths/ ll 215/712 80/246 8/41 0/3
HR (95% CI) 0.99 (0.83–1.19) 0.97 (0.73–1.30) 0.53 (0.23–1.24) —

≥ 28kg/m2

Deaths/all 82/286 31/93 3/12 0/1
HR (95% CI) 0.84 (0.67–1.09) 0.94 (0.61–1.48) 1.07 (0.35–3.62) —

BMI=body mass index, CI= confidence interval, HR=hazard ratio.

Table 4

The confounding effect of chronic diseases on the relationship of BMI and all-cause mortality.

Groups <18.5kg/m2 18.5–24kg/m2 24–28kg/m2 ≥28kg/m2

Subjects with hypertension
Deaths/all 22/79 338/2834 469/5731 301/3811
HR (95% CI) 1.55 (1.01–2.38) 1.00 0.84 (0.73–0.97) 0.89 (0.78–1.05)

Subjects with diabetes mellitus
Deaths/all 8/31 98/634 88/940 42/407
HR (95% CI) 1.27 (0.64–2.55) 1.00 0.71 (0.53–0.96) 0.74 (0.51–1.08)

Subjects with MI or stroke
Deaths/all 15/35 224/892 363/1374 132/681
HR (95% CI) 1.85 (0.94–2.10) 1.00 1.15 (0.97–1.38) 0.84 (0.69–1.05)

BMI=body mass index, CI= confidence interval, HR=hazard ratio, MI=myocardial infarction.

Sun et al. Medicine (2016) 95:32 www.md-journal.com
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variables between the sexes, such as hormonal balance,
environment, or inherent biological factors.[23,24] In general,
women are thought to be “more fit” biologically than men, as
men often behave in ways much damaging to health. Several
previous studies also suggested that biological and behavioral
risk factors influence the sex differences in the risk of death.[25,26]

Despite all the considerations above, it is necessary to determine
the cause of the sex differences in all-cause mortality related to
BMI in the future study.
A U-shaped association between BMI and the risk of all-cause

mortality was observed in our present study, which was consistent
with the results of several large cohort studies.[15,27] The risk of
death was higher among people with BMIs in the lower and upper
categories than among those with BMIs in the middle category. A
BMI of 24.0 to 28.0 (mean 26.0) among men was associated with
the lowest risk of death. Although all-cause mortality was not
lowest in the groupwith aBMIof24.0 to28.0 inwomen, the riskof
deathwashigher than the groupwith aBMIof18.5 to24.0or≥28.
The findings from our primary analysis do not support the use of a
lower BMI cutoff value for overweight and obesity in the adult
Chinese population,which contributes to the science behind public
health considerations on the appropriate and optimal range of
relative weight in some Chinese populations.
The present study has some limitations. First, there is a

significant difference in sex distribution (79.8% men vs. 20.2%
women in the current cohort).We cannot exclude the possibility of
selection bias in the present study. Second, we did not collect BMI
at the time of last follow-up visit. Thus, we could not examine
changes in BMI over time or determine the relationship between
BMIchange andmortality. Third, the possibility of confoundingof
other chronic health conditions (e.g., chronic obstructive pulmo-
nary disease) could not be excluded, although we had adjusted for
several variables such as hypertension, diabetes mellitus, coronary
heart disease, and stroke, which may minimize the effect of
potential confounders. Finally, BMIhasbeen shown tobe valid in a
number of populations,[28] yet the error of height and weight
measurement may have possible influences on the results.
Furthermore, other measures of body habitus such as waist–hip
ratio or waist circumference could complement BMI in the
subjects, which may contribute further to our understanding.
Our study applied the definition of ideal BMI of 24.0 to 28.0

(mean 26.0) to the Kailuan cohort and revealed a U-shaped
association between BMI and all-cause mortality. Thus, both
obesity and underweight were related to an increase in all-cause
mortality among adult Chinese people in the Kailuan cohort.
Further, Obesity may have a different influence on all-cause
mortality in both sexes. Our findings may have important clinical
implications regarding public health considerations on the
appropriate and optimal range of relative weight in some
Chinese populations, which support the argument for a single
recommended range of BMI values. The sex features need to be
taken into consideration in future studies.
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