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ABSTRACT

Objective To investigate the association between body
mass index (BMI) and all-cause mortality in a Chinese rural
population.

Design Prospective cohort study.

Setting This study was conducted from 2003 to 2018 in
Anging, Anhui Province, China.

Participants 17851 participants aged 25-64 years
(49.4% female) attending physical examinations and
questionnaire were included in this study. The inclusion
criterion was families having a minimum of three
participating siblings. The exclusion criteria included
participants without family number and BMI data at
baseline.

Outcome measures The outcome measure was all-cause
mortality. Generalized estimating equation (GEE) regression
analysis was performed to determine the association
between baseline BMI and all-cause mortality.

Results During a mean follow-up period of 14.1 years,
730 deaths (8.0%) occurred among men, and 321 deaths
(3.6%) occurred among women. The mean BMI for males
was 21.34-2.5 kg/m?, and for female it was 22.14-3.1 kg/
m2. Baseline BMI was significantly inversely associated
with all-cause mortality risk for per SD increase (OR, 0.79
(95% Cl, 0.72 to 0.87) for males; OR, 0.88 (95% Cl, 0.76 to
1.01) for females). When BMI was stratified with cut points
at 20 and 24 kg/m?, compared with the low BMI group, a
significantly lower risk of death was found in the high BMI
group (BMI >24: OR, 0.57 (95% Cl, 0.43 to 0.77) in males;
0.65 (95% Cl, 0.46 to 0.93) in females) after adjustment
for relevant factors.

Conclusions In this relatively lean rural Chinese
population, the risk of all-cause mortality decreased with
increasing BMI. The excess risk of all-cause mortality
associated with a high BMI was not seen among this rural
population.

INTRODUCTION

Over the past few decades, obesity has
become one of the most serious public health
problems in the world.' * The association
between body mass index (BMI) and all-cause

,'2 Xiping Xu’

Strengths and limitations of this study

» The main strength of this study might be that the
findings was a prospective, population-based cohort
study among Chinese rural population with a large
sample size and with 15-year follow-up.

» Generalized estimating equation regression analysis
was performed to explore the relationship between
body mass index (BMI) and the risk of all-cause
mortality among Chinese rural population.

» The association between BMI and all-cause mortal-
ity was unclear and comprehensively assessed in
this study.

» The time of death was not collected precisely al-
though we conducted four follow-up visits.

» BMI measurements were only obtained on baseline,
without being obtained at follow-ups.

mortality has been widely explored,”* but it
remains controversial. Recently, results from
a meta-analysis involving 3.6 million people
suggested a J-shaped association between BMI
and all-cause mortality among British adults.*
Similarly, studies have shown that overweight
and obesity increased the risk of all-cause
mortality among white adults.” However, in
a young metabolically healthy adult cohort
in Asia, underweight was associated with
increased all-cause mortality, and over-
weight/obesity was associated with decreased
all-cause mortality.” Data from another study
suggested that the risk of mortality signifi-
cantly decreased with increasing BMI for
Chinese hypertensive adults’,

Since most of the studies have been
conducted in populations of Western
origin; however, the dose-response relation-
ship between BMI and the risk of all-cause
mortality among Chinese rural population
remains unclear. We aimed to examine the
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association between BMI and all-cause mortality for rural
Chinese, using up to 15 years of longitudinal data from
a rural community-dwelling Chinese cohort at baseline.

METHODS

Study design and participants

This study is part of a large community-based cohort
initiated in 2003 among residents of Anhui Province,
China.® All participants aged 25-64 years old were from
a family of at least three siblings. The major exclusion
criteria included history of type 1 diabetes; renal failure;
chronic infections such as tuberculosis or other infec-
tious diseases; malignancies; rickets or other metabolic
bone diseases; chronic glucocorticoid use; viral cirrhosis;
and thyrotoxicosis. Premenopausal women who were
uncertain of their pregnancy status at baseline were also
excluded. All participants provided written informed
consent and underwent a questionnaire survey at base-
line, administered by professionally trained investigators,
that included information on demographic data, lifestyle
and medical history. As part of the baseline study, weight
and height measurements, and blood samples were
obtained (as detailed below).

The current analysis was designed to investigate the
relationship between BMI and all-cause mortality in this
cohort. All-cause mortality included death due to any
reason. There were 18237 participants enrolled in the
baseline, after 15-year follow-up, we excluded 386 partic-
ipants who were missing weight or height data, family
member number at baseline and who have not been
collected the outcome; finally, a total of 17851 partic-
ipants with 1051 deaths (from baseline to 2018) were
included for the further analysis.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

Assessment of BMI

BMI was calculated as weight in kilograms divided by
height in metres squared. Height and weight were
measured by trained health technicians following stan-
dardised procedures. Height and weight were measured
with participants wearing light indoor clothing and no
shoes. At the initial study visit, trained research staff
measured and recorded height (to the nearest 0.1cm)
and weight (to the nearest 0.1kg) for each participant.

Follow-up and outcomes

Follow-up visits including interviews and data collection
were conducted in 2010, 2014, 2017 and 2018. The study
had a high rate of follow-up, due to the fact that this
rural population remained stable and homogeneous with
respect to ethnicity, dietary habits, lifestyle and environ-
mental factors. Subjects who participated in the baseline
study were resurveyed with a mean follow-up interval of

14.1 years. The data on death incidence were obtained
by telephone or through face-to-face interviews with
family members, neighbours or village doctors. During
the follow-up period, 730 deaths (8.1%) occurred among
men, and 321 (3.6%) deaths occurred among women.

Laboratory assays

At baseline, fasting blood samples were collected and
stored in aliquots at -80°C. Serum lipids and fasting
glucose (GLU) were measured enzymatically with a Cobas
Integra Roche analyzer (Roche, Indianapolis, IN)

Statistical analysis

Initially, we categorised baseline BMI into six categories :
BMI<18.5, 18.5 to <20, 20to <22, 22 to <24, 24 to <26 and
>26 kg/ m? In addition, for the further analysis, we use
the BMI cut-off points of 20 and 24 kg/m®.

Our analysis was performed on different sexes in order
to detect possible sex differences. Baseline characteristics
are presented as the mean4SD for continuous variables
or percentages for categorical variables according to the
categories of BMI (kg/m®). Comparison of characteristics
was performed by % test for categorical variables or anal-
ysis of variance for continuous variables. Generalized esti-
mating equations (GEE) models were used to analyse the
association between baseline BMI and all-cause mortality
risk. First, we estimated ORs and 95% ClIs for every SD
of BMI change. Then using the lowest BMI group as the
reference, we estimated ORs and 95% CIs for the other
BMI ranges, after adjusting for potential confounders,
including baseline age, sex, age, blood pressure, smoking
status, drinking status, GLU, total cholesterol (TC),
triglycerides (TG) and high-density lipoprotein choles-
terol (HDL-C).

In sensitivity analyses, to limit reverse causality, the
outcome which collected in the first follow-up were
excluded. GEE models also were used to analyse the asso-
ciation between baseline BMI and all-cause mortality risk.

Further stratified analyses by subgroups including age,
smoking and alcohol drinking status, hypertensive status,
glucose levels, and lipid levels were also explored by GEE
regression models to test for consistency of results. A two-
tailed p<0.05 was considered to be statistically significant
in all analyses. R software, V.3.6.1 (http://www.R-project.
org/), were used for all statistical analyses.

RESULTS

Patient characteristics

Baseline characteristics by BMI groups of all participants
are presented in table 1. Of the 17851 participants, 9033
(50.6%) were male, and 8818 (49.4%) were female. The
mean BMI for males was 21.3+2.5 kg/mQ, and for female
it was 22.1+3.1 kg/mg. For males, the percent distribu-
tions of the lowest group (BMI <20), middle group (BMI
20 -<24) and highest (BMI>24 kg/m® were 32.0%,
53.6% and 14.3%, respectively; for females, the percent-
ages were 23.0%, 54.2% and 22.8%, respectively. Higher
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Smooth curves between body mass index and all-cause mortality for male (A) and female (B) adjusted for age,

systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, triglycerides, high-density lipoprotein (HDL)

cholesterol, smoking status and drinking status.

BMI groups were associated with lower mortality, younger
age and higher levels of systolic blood pressure, diastolic
blood pressure, TC and TG. Lower BMI groups were asso-
ciated with higher HDL-C levels and smoking rate for
both males and females.

BMI and all-cause mortality

As shown in figure 1, as BMI increases, the smoothing
curves show a decrease in all-cause mortality risks after
adjustment for both males and females. Consistently, in
the GEE regression models, for every SD (2.5 kg/m?)
increase in BMI, the risk of mortality decreased by 21%
(OR, 0.79; 95% CI, 0.72 to 0.87; p<0.001) after adjusting
for potential confounders for males. And for females,
for every SD (8.1 kg/m?) increase in BMI, the risk of
mortality decreased by 12% (OR, 0.88; 95% CI, 0.76 to
1.01; p=0.079) (table 2).

Initially, we divided BMI into six groups:<18.5, 18.5
to <20, 20to <22, 22 to <24, 24 to <26, and >26kg/m”
Among males, compared with the lowest BMI group (BMI
<18.5), from the second group to the last group, the risk
of death decreased by 7% (OR, 0.93; 95% CI, 0.71 to 1.21;
p=0.568), 31% (OR, 0.69; 95% CI, 0.53 to 0.89; p=0.004),
33% (OR, 0.67; 95% CI, 0.50 to 0.91; p=0.009), 45% (OR,
0.55; 95% CI, 0.37 to 0.80; p=0.002) and 47% (OR, 0.53;
95% CI, 0.33 to 0.86; p=0.009), respectively. For females,
the ORs were 1.26 (95% CI, 0.80 to 1.99; p=0.328), 0.82
(95% CI, 0.53 to 1.27; p=0.385), 0.96 (95% CI, 0.61 to
1.52; p=0.872), 0.78 (95% CI, 0.47 to 1.30; p=0.343) and
0.75 (95% CI, 0.42 to 1.34; p=0.344), respectively.

As no significant difference was found for the risk of
all-cause mortality when comparing the second BMI
group (18.5 to <20kg/m?) to the lowest group (<18.5kg/
m?), we defined the BMI cut-off points of 20 and 24 kg/
m?. For males, with BMI less than 20 kg/m2 as the refer-
ence, among middle BMI group (20<24kg/m® and
highest group (>24kg/m®), the risk of all-cause mortality
decreased by 28% (OR, 0.72; 95%CI, 0.61 to 0.85;

p<0.001), and 43% (OR, 0.57; 95%CI to 0.43 to 0.77;
p<0.001), respectively. The results for females followed
the same trend, with a 25% (OR, 0.75; 95% CI, 0.57 to
0.99; p=0.043), and 35% (OR, 0.65; 95% CI, 0.46 to 0.93;
p=0.020) decrease, respectively.

Sensitivity analyses

To limit reverse causality, the outcome that collected in
the first follow-up(n=329) were excluded. Then, 17522
participants with 727 deaths (from 2011 to 2018) were
included for the further analysis. The result shows in
table 3. And we find the result is similar with table 2.
For every SD (2.5 kg/m®) increase in BMI, the risk of
mortality decreased by 21% (OR, 0.79; 95% CI, 0.70 to
0.89; p<0.001) after adjusting for potential confounders
for males. And for females, for every SD (3.1 kg/m?)
increase in BMI the risk of mortality decreased by 12%
(OR, 0.88; 95% CI, 0.75 to 1.02; p=0.110) (table 3).

Stratified analyses on BMI and all-cause mortality

Further stratified analyses were performed with important
covariables including age, smoking status, alcohol
drinking status, hypertensive status and GLU, TC, TG,
and HDL-C levels for males (table 4); age, hypertensive
status and GLU, TC, TG, and HDL-C levels for females
(table b).

Among males, none of the following variables, including
age, smoking status, drinking status, GLU, TC and
HDL-C, significantly modified the association between
BMI and all-cause mortality. However, there was a signifi-
cant interaction between BMI and TG level on mortality.
(P for interaction=0.044). For men with higher TG levels,
compared with those in the lowest BMI group, for those
in the middle group and the highest group, the risk of
mortality decreased slightly (ORs: 0.85 (0.65 to 1.11) and
0.55 (0.38 to 0.81), respectively). Otherwise, for those in
the lower TG group, the ORs were 0.63 (0.50 to 0.80) and
0.81 (0.49 to 1.33) for the middle and high BMI groups,
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Table 2 The association between all-cause mortality and body mass index (BMI)

Crude model

Adjusted model*

N Case (%) OR (95%Cl) P value OR (95% CI) P value
BMI, kg/m?
Males
BMI to per SD 9033 730 (8.1) 0.77 (0.71 to 0.84) <0.001 0.79 (0.72 to 0.87) <0.001
<18.5 879 103 (11.7) Ref Ref
18.5 to <20 2015 200 (9.9) 0.83 (0.65 to 1.07) 0.158 0.93 (0.71 to 1.21) 0.568
20 to <22 3066 226 (7.4) 0.60 (0.47 t0 0.77) <0.001 0.69 (0.53 to 0.89) 0.004
22 to <24 1777 123 (6.9) 0.56 (0.43 to 0.74) <0.001 0.67 (0.50 to 0.91) 0.009
24 10 <26 825 51 (6.2) 0.50 (0.35t0 0.70) <0.001 0.55 (0.37 to 0.80) 0.002
>26 471 27 (5.7) 0.46 (0.30 to 0.71) <0.001 0.53 (0.33 to 0.86) 0.009
<20 2894 303 (10.5) Ref Ref
20 to <24 4843 349 (7.2) 0.66 (0.57 to 0.78) <0.001 0.72 (0.61 to 0.85) <0.001
>24 1296 78 (6) 0.55 (0.42 to 0.71) <0.001 0.57 (0.43t0 0.77) <0.001
Females
BMI, per SD 8818 321 (3.6) 0.90 (0.79 to 1.02) 0.123 0.88 (0.76 to 1.01) 0.079
<18.5 719 30 (4.2) Ref Ref
18.5 to <20 1311 63 (4.8) 1.16 (0.74 to 1.81) 0.517 1.26 (0.80 to 1.99) 0.328
20 to <22 2636 85 (3.2) 0.77 (0.50 to 1.17) 0.225 0.82 (0.53 to 1.27) 0.385
22 to <24 2145 77 (3.6) 0.86 (0.56 to 1.32) 0.485 0.96 (0.61 to 1.52) 0.872
24 1o <26 1235 40 (3.2) 0.77 (0.47 to 1.25) 0.292 0.78 (0.47 to 1.30) 0.343
>26 772 26 (3.4) 0.80 (0.47 to 1.37) 0.428 0.75 (0.42 to 1.34) 0.344
<20 2030 93 (4.6) Ref Ref
20 to <24 4781 162 (3.4) 0.73 (0.56 to 0.95) 0.018 0.75 (0.57 to 0.99) 0.043
>24 2007 66 (3.3) 0.71 (0.51 to 0.98) 0.040 0.65 (0.46 to 0.93) 0.020

*Adjusted for age, systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, triglycerides, HDL cholesterol, smoking

status and drinking status.

respectively, compared with the low BMI group. Among
females, there was no significant interaction between BMI
and other variables on all-cause mortality.

DISCUSSION

Our analysis of this rural Chinese population in this cohort
showed that BMI was significantly and inversely associated
with all-cause mortality. Compared with the lowest BMI
group (BMI <20kg/m?), the risk of all-cause mortality
decreased for those in the middle group (BMI20-<24kg/
m?) and the highest group (BMI >24kg/m?) for both
males and females.

Most studies conducted in European or American
populations have shown a U-shaped or J-shaped associ-
ation between BMI and all-cause mortality.” ** Our find-
ings are not consistent with these results. In contrast, a
reverse J-shaped relationship has been observed in most
studies in Asian populations.””'” This contradiction may
be due to differences in weight distribution and leading
causes of death among different populations. A number
of researchers have reported that the risk of death from

respiratory causes was higher among subjects with a lower
BMI,11 and the risk of death from atherosclerotic cardio-
vascular disease or cancer was higher among subjects with
a higher BML." In European or American populations,
obesity is highly prevalent, and cardiovascular disease
is the leading cause of death.” Therefore, a U-shaped
or Jshaped relationship is more likely to be observed.”
However, in East Asia, underweight-related morbidities,
such as respiratory disease and kidney disease, are the
major causes of death.'* " Therefore, it is more likely
to find an L-shaped or reversed J-shaped relationship
between BMI and all-cause mortality in Chinese rural
population. 16

Our study is a large prospective cohort study of a
Chinese rural community population. Participants were
lean and people with obesity (BMI >28 kg/m?) were only
2.2%. And the mean BMI was 21.4 kg/m2 for males, 22.1
kg/m2 for females, while which was 25 kg/m2 or more
for western origins.”’ " In our study, the risk of all-cause
mortality decreased with increasing BMI in both sexes.
Even after adjusting for potential confounders, the results
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Table 3 Results of sensitivity analyses for the association between all-cause mortality and body mass index (BMI)T

Crude model

Adjusted model*

N Case (%) OR (95% Cl) P value Or (95% ClI) P value
BMI, kg/m?
Males
BMI to per SD 8779 479 (5.5) 0.78 (0.71 to 0.86) <0.001 0.79 (0.70 to 0.89) <0.001
<18.5 845 70 (8.3) Ref Ref
18.5 to <20 1940 125 (6.4) 0.76 (0.56 to 1.03) 0.093 0.85 (0.62 to 1.17) 0.330
20 to <22 2987 148 (5.0) 0.58 (0.43 t0 0.78) <0.001 0.65 (0.47 to 0.88) 0.006
22 to <24 1738 85 (4.9) 0.57 (0.41 to 0.79) <0.001 0.66 (0.47 to 0.95) 0.024
24 to <26 809 35 (4.3) 0.50 (0.33 t0 0.76) 0.001 0.52 (0.33 t0 0.83) 0.005
>26 460 16 (3.5) 0.40 (0.23 to 0.70) 0.001 0.45 (0.25 to 0.82) 0.009
<20 2785 195 (7.0) Ref Ref
20 to <24 4725 233 (4.9) 0.69 (0.57 to 0.84) <0.001 0.73 (0.59 to 0.90) 0.003
>24 1269 51 (4.0 0.56 (0.41 t0 0.76) <0.001 0.55 (0.39 t0 0.79) 0.001
Females
BMI, per SD 8743 248 (2.8) 0.88 (0.76 to 1.02) 0.111 0.88 (0.75 to 1.02) 0.110
<18.5 710 21 (3.0 Ref Ref
18.5 to <20 1296 48 (3.7) 1.26 (0.75t0 2.13) 0.387 1.41 (0.82 to 2.40) 0.219
20 to <22 2620 69 (2.6) 0.89 (0.54 to 1.46) 0.646 0.98 (0.58 to 1.63) 0.926
22 to <24 2130 62 (2.9) 0.98 (0.60 to 1.63) 0.950 1.15(0.68 to 1.94) 0.619
24 1o <26 1227 32 (2.6) 0.88 (0.50 to 1.54) 0.657 0.92 (0.51 to 1.66) 0.789
>26 760 16 (2.1) 0.71 (0.37 to 1.36) 0.307 0.70 (0.35 to 1.40) 0.327
<20 2006 69 (3.4) Ref Ref
20 to <24 4750 131 (2.8) 0.80 (0.59 to 1.07) 0.136 0.83 (0.61 to 1.14) 0.259
>24 1987 48 (2.4) 0.69 (0.48 to 1.01) 0.059 0.66 (0.44 to 0.99) 0.050

*Adjusted for age, systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, triglycerides, HDL cholesterol, smoking

status and drinking status.

TAnalyses exclude the outcome data which collected in the first follow-up.

were similar. Compared with the lowest BMI group, from
the middle group to the highest group, the risk of all-
cause mortality decreased by 28% and 43% for males,
respectively, and 25% and 35% for females, respectively.
These results can be attributed to multiple factors,
including manual labour diet and lifestyle, and more. On
the one hand, it is important to recognise that partici-
pants in this study come from an under-developed area.
Among this population, having a high BMI may represent
having a higher socioeconomic status, allowing for better
access to healthcare than having a lower BMI. And partic-
ipants in this study with low BMI at baseline may have
had certain ailments that caused weight loss, supporting
the theory that those with high baseline BMI may have
had better health. Reverse causality is a major problem in
observational studies. But in sensitivity analyses, to limit
reverse causality, the outcome that collected in the first
follow-up were excluded. And we find the result is the
similar with table 2. In this relatively lean rural Chinese
population, the risk of all-cause mortality decreased with
increasing baseline BMI for both males and females after

excluded the outcome data, which collected in the first
follow-up. On the other hand, It is known that the risk
of death for some diseases, such as respiratory diseases,
decreases with increasing BMI'' '* Although many studies
reported that the risk of cardiovascular disease increases
with increasing BMI. It is also important to recognise that,
in general, the Chinese rural population engages in more
manual labour than their urban counterparts, and tend
to be more physically active, which is a protective factor
for death of cardiovascular disease.'? ** Therefore, with
increasing BMI, death from cardiovascular disease may
have less impact on this population than urban popula-
tion. Although some researchers believe that this negative
association between BMI and all-cause mortality is caused
by confounders, the most discussed point is smoking.
Some studies have shown that obesity paradox can only
be observed in smokers. And for non-smoking people,
this phenomenon cannot be observed.”’ # But in the
stratified analysis of smoking for males, the results did not
change substantially. We did not conduct it for females
because the number of female smokers is very small. In
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Table 4 Risk factors-stratified analyses of body mass index (BMI) on all-cause mortality for males

BMi<20 BMI 20 to <24

BMI 24

N Events (%) OR (95%CI) Events (%) OR (95% ClI) Events (%) OR (95% ClI) il:ltfg:action
Age, years 0.320
<45 3640 48 (4.6) Ref 76 (3.8) 0.84 (0.57 to 1.23) 21 (3.6 0.71 (0.39 to 1.29)
45 5393 255(13.9) Ref 273 (9.6) 0.67 (0.55 to 0.81) 57 (8 0.50 (0.36 to 0.70)
Smoking status 0.908
Never 1918 37 (7.2) Ref 55 (5.3) 0.83 (0.52 to 1.33) 14 (3.8) 0.63 (0.30 to 1.30)
Ever 7070 264 (11.2) Ref 292 (7.7) 0.71 (0.59 to 0.85) 63 (6 0.58 (0.42 to 0.80)
Drinking status 0.464
Never 4965 173 (10.2) Ref 170 (6.6) 0.66 (0.52 to 0.83) 41 (5.8 0.57 (0.38 to 0.85)
Ever 4024 126 (10.7)  Ref 178 (7.9) 0.81 (0.62 to 1.05) 36 (6 0.59 (0.38 to 0.91)
Fasting glucose, mmol/L 0.144
<5.6 6196 212 (10.5) Ref 226 (6.7) 0.66 (0.54 to 0.82) 53 (6.4) 0.65 (0.46 to 0.93)
5.6 2822  89(10.2) Ref 123 (8.3) 0.83 (0.61 to 1.14) 25 (5.3) 0.47 (0.28 to 0.80)
Total cholesterol, mmol/L 0.212
B1(<4.3) 4482 182(10.9) Ref 166 (6.9) 0.63 (0.50 to 0.80) 31(7.3) 0.59 (0.38 to 0.91)
B2 (4.3) 4536 119 (9.7) Ref 183 (7.5) 0.82 (0.64 to 1.07) 47 (5.4 0.58 (0.39 to 0.87)
Triglycerides, mmol/L 0.044
B1(<1.0) 4466 192 (10.8) Ref 162 (6.6) 0.63 (0.50 to 0.80) 23 (9.1) 0.81 (0.49 to 1.33)
B2 (1.0) 4552 109 (9.8) Ref 187 (7.8) 0.85 (0.65 to 1.11) 55 (5 0.55 (0.38 to 0.81)
HDL-C, pmol/L 0.136
B1(<1.3) 4441 134 (11.2) Ref 160 (6.8) 0.62 (0.48 to 0.80) 51 (5.8) 0.53 (0.36 to 0.77)
B2 (1.3) 4577 167 (9.9) Ref 189 (7.6) 0.80 (0.64 to 1.01) 27 (6 0.56 (0.35 to 0.90)
Hypertension 0.448
No 7306 236 (9.3) Ref 257 (6.5) 0.76 (0.63 to 0.93) 38 (4.5) 0.56 (0.38 to 0.82)
Yes 1724 67 (18.4) Ref 92 (10.2) 0.60 (0.41 to 0.87) 40 (8.8) 0.55 (0.34 to 0.89)

Adjusted, if not stratified, for age, systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, triglycerides, hdl

cholesterol, smoking status anddrinking status.
HDL-C, high-density lipoprotein cholesterol.

our study, BMI was inversely associated with all-cause
mortality risk for both smokers and non-smokers. Also,
age is an important confounding factor. Studies also have
shown that obesity paradox only exists in older people.”
We analysed in two age groups, and the results did not
change substantially. Whether in young people or older
people, the risk of death decreased with increasing BMI.

In this study, stratified analyses were consistent in all
important covariables. Our results suggest that male
participants with low TG levels may be at increased risk
of all-cause mortality. For male, in the high TG group,
the relationship between BMI and death is the same as
that of the total male population; compared with the
low BMI group, the risk of all-cause mortality from the
middle group to the high group decreased by 15% and
45%, respectively. However, in the low TG group, the risk
of all-cause mortality was higher in the high BMI group
than that of the middle BMI group, differing from the
trend shown in the total population. TG is a component
of lipids, formed by glycerol and three fatty acids. The
lipid composition is complex. In addition to TG, it also

includes cholesterol, phospholipids, fatty acids and a
small number of other lipids. The blood level of TG is
regulated by homeostatic mechanisms that balance the
rates of secretion from the intestines and liver as well as
the rates of catabolism.?! Usually, TG in the plasma main-
tain a dynamic balance. There are two primary sources
of TG in plasma. The first being exogenous: when fat
ingested from food is in the intestine, it is absorbed by
the intestinal mucosa under the action of bile acids and
lipases, and TG are synthesised in the intestinal epithelial
cells. The second is endogenous: TG synthesised in the
body are mainly stored in the liver, followed by adipose
tissue.® Therefore, there may be two reasons for low TG
levels. First, low TG levels may be due to malnutrition,
and previous studies have shown that malnutrition is a
risk factor for death.? ?’ Second, low TG levels may be
caused by certain metabolic diseases. Further analyses
are needed on similar study populations to confirm this
finding.

Our study also has several limitations. First, although we
conducted four follow-up visits, we did not collect the time

Yang J, et al. BMJ Open 2021;11:€045495. doi:10.1136/bmjopen-2020-045495

7



Open access

I

Table 5 Risk factors-stratified analyses of body mass index on all-cause mortality for females

BMI<20 BMI 20 to <24 BMI 24
OR P for
N Events (%) (95%CIl) Events (%) OR (95% Cl) Events (%) OR (95% ClI) interaction

Age, years 0.924
<45 4552  25(2.5) Ref 46 (1.8) 0.63(0.38t01.05) 17 (1.7) 0.51 (0.26 to 1.01)
45 4266 68 (6.5) Ref 116 (5.2) 0.76 (0.56 to 1.05) 49 ( 0.66 (0.44 to 1.00)

Fasting glucose, mmol/L 0.630
<5.6 5834 63 (4.7) Ref 108 (3.3) 0.68 (0.49t0 0.95) 37 (2.9) 0.53 (0.34 to 0.84)
5.6 2974 30 (4.4) Ref 54 (3.5) 0.89 (0.55t01.43) 29(3 0.92 (0.52 to 1.64)

Total cholesterol, mmol/L 0.183
B1 (<4.4) 4389 43 (3.7) Ref 66 (2.7) 0.76 (0.50to 1.15) 28 (3.5) 0.80 (0.47 to 1.38)
B2 (4.4) 4419 50 (5.8) Ref 96 (4.1) 0.72 (0.49t0 1.04) 38 (3.2) 0.53 (0.33 to 0.86)

Triglycerides, mmol/L 0.088
B1 (<1.2) 4366 63 (5.0 Ref 75 (3.0) 0.64 (0.44t0 0.91) 16 (2.5) 0.50 (0.27 to 0.90)
B2 (1.2) 4442 30 (3.9) Ref 87 (3.8) 0.99 (0.63t0 1.55) 50 (3 0.88 (0.53 to 1.46)

HDL-C, pmol/L 0.177
B1 (<1.3) 4305 37 (4.5) Ref 67 (2.9) 0.74 (0.48to 1.15) 43 (3.6) 0.89 (0.54 to 1.49)
B2 (1.3) 4502 56 (4.7) Ref 95 (3.8) 0.73 (0.52t0 1.04) 23 (2 0.42 (0.25 to0 0.70)

Hypertension 0.601
No 7328 76 (4.2) Ref 112 (2.7) 0.72 (0.53t0 0.98) 38 (2.7) 0.70 (0.46 to 1.06)
Yes 1489 17 (8.3) Ref 50 (7.1) 0.93(0.50t0 1.74) 28 (4.8) 0.70 (0.35 to 1.41)

Adjusted, if not stratified, for age, systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, triglycerides, hdl

cholesterol, smoking status anddrinking status.

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.

of death precisely. Second, no BMI measurements were
obtained at follow-up, therefore the association between
changes in BMI and risk of death over the 15-year period
could not be assessed. Third, we conducted household
or telephone interviews at follow-up visits and recall bias
could exist. Last, specific cause of death was not available,
therefore further explorations on the association between
BMI and specific causes of death could not be conducted.

CONCLUSIONS

In conclusion, the risk of death decreased with increasing
baseline BMI in this relatively lean rural Chinese popu-
lation for both males and females. For males, low TG
levels may be associated with an increased risk of death.
These results indicate optimal BMI ranges for health in
different populations may be different and further studies
are needed to illustrate the relationships between weight,
BMI and health in different populations.
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