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Objective:  To  assess  the  joint association  of  body  mass  index  (BMI)  and  central  obesity  with  cardiovascular
events  and  all-cause  mortality  in prediabetic  population.
Methods:  Altogether  18,703  participants  with  prediabetes  completed  follow-up  between  June  2006  and
December  2015  were  included  in  the  analyses.  Prediabetes  was  defined  as  fasting  plasma  glucose  level
5.6–6.9 mmol/L,  and  without  history  of  diabetes  or currently  use  of hypoglycemic  agents.  Participants
were  classified  according  to the  baseline  status  of BMI as well  as  the  absence/presence  of  central  obesity.
We examined  these  associations  in  men  and  women  separately.
Results:  The  mean  age  was 51.5  ± 11.1  years,  and  85.6%  (N  =  16,002)  were  male.  During  a median  follow
up  of  9.0 (interquartile  range  8.7–9.2)  years,  848  and  88  major CV events  occurred  in men  and  women,
respectively.  Besides,  1111  men and 89  women  died.  Compared  with  men  of  BMI  22–23.9  kg/m2 and
without  central  obesity,  the risk  of  CV  events  was  increased  among  men  with  higher  BMI  and  central
obesity  (HR  1.32 (95%  CI: 1.05–1.67)  for BMI  24–27.9  kg/m2 and  1.31  (1.03–1.66)  for  BMI  ≥  28 kg/m2,

2
respectively);  and  the  risk  of  all-cause  mortality  was the  lowest  among  men  of  BMI  24–27.9  kg/m but
without  central  obesity  (0.75,  0.61–0.92).  We  found  no  such  association  in  women.
Conclusion:  Among  men  with  prediabetes,  both  BMI  and  waist  circumference  should  be  included  when
evaluating  the  risks  of major  CV events  and mortality.  Measurement  of adiposity  constitutes  a simple
and  cost-effective  strategy  to identify  those  at high-risk  population  in  prediabetes.

©  2019  Published  by  Elsevier  Ltd  on behalf  of  Asia  Oceania  Association  for  the  Study  of  Obesity.
ntroduction
The global trend towards obesity, physical inactivity and
nergy-dense diets has led to a rapid rise in the number of popula-
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tion with diabetes [1], as well as prediabetes [2]. It was estimated
that 415 million people live with diabetes [1] and 840 million peo-
ple live with prediabetes worldwide [3]. A national cross-sectional
survey in China reported that 493.4 million adults had predia-
betes in 2010 [4]. About 70% of individuals with prediabetes will
eventually develop into diabetes [2]. In addition, individuals with

prediabetes are associated with increased risk of cardiovascular
complications and premature death [3]. Therefore, it should be
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ore cost-effective to identify and manage the high-risk subgroups
mong prediabetic population.

Several publications have revealed that body mass index (BMI)
s inversely associated with mortality (i.e. obesity paradox) in
atients with diabetes [5–7], as well as other clinical conditions
e.g. coronary artery disease (CAD) [8], end-stage kidney disease
ESKD) [9]). The possible explanation of this phenomenon is sup-
osed to be the poor correlation between BMI  and body fat [8]. To
he best of our knowledge, only three cohort studies have investi-
ated the association between obesity and mortality in prediabetic
opulation and the results remain controversial [10–12]. Further-
ore, all studies were conducted in western countries, whereas

he burden of prediabetes is more severe in Asian countries, such
s China [4].

In contrast to BMI, central obesity measured by waist circum-
erence (WC) was considered as a stronger marker of health risk
13]. Observational studies have shown that high WC  was related to
ll-cause mortality among individuals with diabetes [14]. A recent
tudy combined BMI  and central obesity to assess the prognosis
n patients with CAD, and found that individuals with normal BMI
nd central obesity were associated with the highest mortality risk
15]. These findings indicated that combining BMI  and measures
f central obesity might be superior to either index in assessing
he adverse outcomes in those individuals. Thus, in order to iden-
ify and manage the high-risk individuals among population with
rediabetes, we conducted the current study and focused on the
ombination of BMI  with WC,  using a large prospective cohort of
hinese population with prediabetes.

aterial and methods

tudy population

The current study included a large prediabetic subgroup of
he Kailuan cohort. The Kailuan study was a prospective cohort
tudy conducted in the community of Kailuan in Tangshan, a large
ndustrial city located in Hebei province of China. The detailed
tudy design and characteristics of the study population have been
escribed previously [16]. Briefly, 101,510 employees aged 18 years
nd older (including the retired) in Kailuan group participated in

 biennially health examination from June 2006 through October
007 that included face-to-face questionnaires on demographics
nd other variables, clinical examinations performed by trained
edical personnel and laboratory tests, which were conducted in

ailuan General Hospital and its ten affiliated hospitals. These data
ere recorded and maintained in dedicated health records.

Data of 30,016 individuals with diabetes and prediabetes
s available for us. Eligible participants for this study were
dults aged 18–85 years and with prediabetes according to ADA
010 criteria (defined as fasting plasma glucose (FPG) between
00 mg/dL (5.6 mmol/L) and 125 mg/dL (6.9 mmol/L), without self-
eported history of diabetes and taking hypoglycemic drugs) [17].
ll participants with a history of diabetes (N = 9489), myocar-
ial infarction (MI) and stroke (N = 581), any malignant cancer
N = 59), ESKD (defined as estimated glomerular filtration rate
eGFR) <15 mL/min/1.73m2) (N = 34), and age > 85 years old (N = 46)
t baseline were excluded. We  further excluded participants
ith missing data of BMI  and WC  (N = 308) and those with
MI  < 18.5 kg/m2 (underweight, N = 214). A total of 19,285 partici-
ants (16,511 men, 85.6%) with prediabetes were included in the
nalysis.
The protocol was approved by the Ethics Committee of both
ailuan General Hospital and Peking University First Hospital in
ccordance with the Declaration of Helsinki and written informed
onsent was obtained from each participant.
al Practice 13 (2019) 453–461

Data collection

We  considered the 2006–2007 survey as the baseline and the
first occurrence of the defined main outcomes or December 31,
2015 as the end of the follow up. All individuals completed a ques-
tionnaire documenting their socio-demographic status (e.g. age,
sex, education and economic status), personal and family health
history (e.g. hypertension, diabetes and CVD), and lifestyle habits
(smoking status, alcohol consumption, physical activity).

During the in-person visits, anthropometric measurements
including height, weight, WC,  and blood pressure (BP) were col-
lected according to a standard protocol [16]. Height and WC were
averaged to 0.1 cm and weight was  averaged to 0.1 kg. BMI  was  cal-
culated as weight in kilograms divided by height in meters squared.
BP was measured using a standardized mercury sphygmomanome-
ter. Systolic BP and diastolic BP were taken at a 5-min interval for
two times after participants sitting for at least 5 min. The average
of the two  readings was used for analysis. If the two measurements
differed by >5 mmHg, then the third measurement was  conducted
and the average of the three readings was used. Fatty liver was diag-
nosed based on ultrasonographic characteristics, including diffuse
hyperechogenicity of the liver relative to the kidneys, ultrasonog-
raphy beam attenuation, and poor visualization of the intrahepatic
vessel borders and diaphragm.

Serum samples were collected in the morning after an overnight
fast, and serum creatinine (Scr), FPG, lipids profile (including total
cholesterol (TC), triglyceride (TG), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cholesterol (HDL-C))
were tested using a Hitachi 7600 auto-analyzer (Hitachi; Tokyo,
Japan). Scr were measured by means of Jaffé’s kinetic method
(Hitachi 7600 analyzer, Tokyo, Japan). eGFR was calculated using
the Chronic Kidney Disease Modification of Diet in Renal Disease
(CKD-MDRD) equation [18]. FPG was  measured using the Hexoki-
nase method (BioSino Bio-Technology & Science Inc., China). Urine
protein concentration was  assessed by dry chemistry method with
the test assay of H12-MA (Changchun Dirui Medical Technology Co.,
Ltd. Changchun, China) using semi-quantitative dipstick test. All the
urine samples were measured using a urine analyzer (N-600, Dirui,
Changchun, China) at the central laboratory of the Kailuan hospital.

Study outcomes

Primary outcomes included first occurrence of major cardio-
vascular (CV) events (defined as first occurrence of non-fatal
MI and stroke (including ischemic stroke, intracerebral hemor-
rhage, and subarachnoid hemorrhage)) and all-cause mortality.
Information on the major CV events were collected from bien-
nially personal interviews and confirmed by evaluations of claim
data from medical insurance combined with medical records and
discharge summaries from Kailuan General Hospital and its ten
affiliated hospitals. Given the current insurance coverage rules in
the Kailuan population, individuals who  seek medical care outside
this hospital network may  not get their health insurance costs reim-
bursed. This ensures a high accuracy of capturing the outcomes of
interest in this population. Death information was collected from
provincial vital statistics office, discharge summaries, and medical
records. The above outcomes were collected and recorded every
year. All outcomes were validated by the Data Safety Monitoring
Board and the Arbitration Committee for Clinical Outcomes.

Other covariates
Hypertension was  defined as average systolic BP ≥ 140 mmHg
and/or diastolic BP ≥ 90 mmHg, or self-reported history of hyper-
tension, or use of antihypertensive medication. Dyslipidemia was
defined by presence of at least one of following: serum TC
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evel ≥200 mg/dL (5.2 mmol/L), TG ≥ 150 mg/dL (1.7 mmol/L), LDL-
 ≥130 mg/dL (3.4 mmol/L), HDL-C <40 mg/dL (1.0 mmol/L), or
se of lipid-lowering drugs [19]. Hyperuricemia was  defined as
erum uric acid (UA) concentration greater than 420 �mol/L and
60 �mol/L in male and female, respectively. CKD was defined as
GFR < 60 mL/min/1.73 m2 and/or urine protein dipstick reading
1+. “Inactive” physical activity was defined as “no physical activ-

ty” or “occasional (one to two times a week)”, and “active” physical
ctivity was defined as “frequent (more than three times a week and
ach time lasting more than 30 min)”. The above covariates were
ll well-documented risk factors for poor prognosis.

tatistical analysis

The baseline characteristics were described and compared
mong participants according to combinations of BMI  cate-
ories (18.5–21.9 kg/m2, 22.0–23.9 kg/m2, 24.0–27.9 kg/m2, and
28.0 kg/m2) [20] and central obesity (defined as WC ≥ 90 cm and
80 cm for men  and women, respectively) [13]. Continuous vari-
bles were described by mean ± standard deviation; if the variable
oes not satisfy the normal distribution, the median (interquar-
ile range) will be used; categorical variables were presented by
umber (percentage).

Based on previous reports [15,16], we investigated whether
he association between BMI  and outcomes varied according to
he presence of central obesity. Since a statistically significant
nteraction was detected regarding the all-cause mortality (wald
2 = 10.58; P = 0.001), participants were divided into eight adipos-

ty patterns based on four BMI  categories and the presence/absence
f central obesity: group A1) BMI  18.5–21.9 kg/m2 and without
entral obesity; group A2) BMI  18.5–21.9 kg/m2 and with central
besity; group B1) BMI  22.0–23.9 kg/m2 and without central obe-
ity [reference group]; group B2) BMI  22.0–23.9 kg/m2 and with
entral obesity; group C1) BMI  24.0–27.9 kg/m2 and without central
besity; group C2) BMI  24.0–27.9 kg/m2 and with central obesity;
roup D1) BMI  ≥ 28.0 kg/m2 and without central obesity; group D2)
MI  ≥ 28.0 kg/m2 and with central obesity. Incidence rate of prede-
ned outcomes were calculated as a whole and among different
diposity patterns. Incidence rates were expressed as per 100,000
erson-years.

Cox proportional hazards models and competing risk models
ere used to assess the risk of mortality and major CV events. P

alue and hazard ratios (HRs) with 95% confidence intervals (CIs)
ere reported. All analyses were adjusted for age (continuous)

model 1), further adjusted for smoking status (ever or current
moker or not), income (above 800 RMB  per capita income vs. below
00 RMB  per capita income), education level (high school or above
s. below high school level), physical activity (active or inactive),
lcohol consumption (current drinker or not), FPG (continuous),
ypertension (yes vs. no), dyslipidemia (yes vs. no), hyperuricemia
yes vs. no), CKD (yes vs. no) (model 2).

The participants with missing values of covariates were also
emoved from the final analysis (N = 582). Because the majority of
articipants included in this study were men  who  have a tendency
o store excessive fat in visceral fat deposits, which is a greater
isk of developing CVD and can be a very important source of bias.
herefore, we examine these associations in men and women  sep-
rately.

We also conducted a series of sensitivity analyses. (1) Because
ver one-third of participants in our study were ever or cur-
ent smokers, we conducted a sensitivity analysis after excluding
hese participants. (2) To examine whether the potential associa-

ion between adiposity patterns and adverse outcomes was due to
ging, we repeated the analysis after excluding participants aged
5 years and older. (3) To avoid reverse causation, we  excluded
articipants who suffered from predefined CV events or died dur-
al Practice 13 (2019) 453–461 455

ing the first 4-year of follow-up. (4) To assess the influence of any
changes on the results, we calculated the mean BMI  and waist cir-
cumference of participants to represent an overall situation during
the follow-up period and removed participants who changed their
groups from analysis. All P-values were calculated from two-tailed
tests of statistical significance. P value <0.05 was considered to
be of statistical significance. Cumulative hazard plots grouped by
exposures suggested no appreciable violations of the proportional
hazards assumption. All statistical analyses were performed with
SAS System version 9.4 (SAS Institute; Cary, NC).

Results

Baseline characteristics of study population

The detailed procedure of participant recruiting was shown
in Fig. 1. Overall 18,703 prediabetic participants were included
in the analyses. The mean age was  51.5 ± 11.1 years, and 85.6%
(N = 16,002) were male. The baseline characteristics of men and
women stratified by adiposity patterns were shown in Table 1.
Within the same BMI  levels, participants with central obesity were
older. In addition, the levels of SBP, and percentage of dyslipidemia,
hypertension, fatty liver were higher in participants with central
obesity than those without in both men  and women  (Table 1).

Incidence rate of major CV events and all-cause mortality

During a median follow-up of 9.0 (interquartile range 8.7–9.2)
years, a total of 848 (5.3%) and 88 (3.3%) major CV events occurred
in men  and women, respectively. Besides, 1111 men (6.9%) and
89 (3.3%) women died. Overall, the incidence rates of major CV
events were 618.5 and 374.8 per 100,000 person-years in men and
women, respectively. And the incidence rates of all-cause mortality
were 792.1 and 373.2 per 100,000 person-years in men and women,
respectively. The lowest incidence rates of all-cause mortality were
among both men  and women  of BMI  24.0–27.9 kg/m2 without cen-
tral obesity. In addition, for the same BMI  level, participants with
central obesity had higher incidence rates of major CV events and
all-cause mortality than those without (Table 2).

Effects of different adiposity patterns on adverse outcomes

The results of multivariate Cox proportional hazard regression
analysis were shown in Table 2. After adjusting for age, men with
high BMI  and central obesity were associated with higher risk of
major CV events (1.41 (95% CI 1.11–1.77) for BMI  24.0–27.9 kg/m2

and 1.51 (95% CI 1.19–1.91) for BMI  ≥ 28.0 kg/m2, respectively),
whereas those with high BMI  but without central obesity were
not significantly associated with increased risk of major CV events.
In addition, compared to participants with normal BMI  and with-
out central obesity, those with a BMI  24.0–27.9 kg/m2 but without
central obesity were associated with the lowest risk of all-cause
mortality (HR 0.75 (95% CI 0.61–0.92)). The above findings did not
substantially change after further adjusted for multivariate factors
(model 2). However, we did not found such associations in women.

Sensitivity analysis

The results of the analyses that assessed residual confounders
and reverse causation in men  were depicted in Fig. 2. For the
all-cause mortality, after excluding those with ever and current
smokers (n = 7132; Fig. 2. A), or aged 65 years and older (n = 2012;

Fig. 2B), or died during the first 4 years of follow-up (n = 288;
Fig. 2C), or those changed their groups (n = 5624; Fig. 2D), the asso-
ciation between adiposity patterns and all-cause mortality did not
differ substantially from those of the primary analysis. For the CV
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Fig. 1. Flow chart 

vents, we observed largely consistent results in the sensitivity
nalysis. However, the association was disappeared after excluding
articipants who smoked (Fig. 2E).

iscussion

This is the first prospective community-based cohort study
emonstrating the association of BMI  and central obesity on
ortality and CV events among a large Asian population with pre-

iabetes. We  found that men  with a higher BMI  (overweight but not
bese) and without central obesity had the lowest risk of all-cause
ortality, while those with higher BMI  and central obesity experi-

nced increased risk of CV events, independent of age, education,
ncome, smoking, drinking, physical activity, FPG, hypertension,
yslipidemia, hyperuricemia and CKD. Previous studies indicated
hat failure to control for smoking, aging and reverse causation
ere classic confounding of the mortality outcome of obesity [21].
evertheless, we eliminated these conditions by sensitivity analy-

is. In nonsmokers, we did not observe the higher risk of CV events
n men  with high BMI, thus no smoking is beneficial for CV events.

ne possible reason why we did not found such association in
omen is the relatively small sample size. Our finding enriches

he knowledge on the relationship between different adiposity pat-
erns and adverse outcomes in populations with prediabetes, which
 study population.

might be helpful for easier identifying high-risk populations that
could be targeted for prevention strategies accordingly.

We found that men  of high BMI  and without central obesity
were not associated with excess CV risk, despite high BMI com-
bined central obesity revealed significantly increased risk of CV
events (but not in those never smoked). Previous studies had
explored the association of obesity profile and outcomes, among
general population, as well as diabetic population. For example,
a study found no association between BMI  and CV events but
waist-hip ratio in a representative Iranian population with T2D
[22], another study reported a linear association between BMI  and
CVD events in a Korean general population [23]. However, WC
could identify patients who are at increased risk for obesity-related
cardio-metabolic disease beyond the measurement of BMI  [24].
In our results, individuals with central obesity have significantly
higher prevalence of hypertension, dyslipidemia, hyperuricemia
than those without, which might partly account for the excess
CV risk in these populations. Obesity, especially visceral obesity
is a major risk factor for CV events [25]. Previous studies have
also revealed that central obesity is frequently clustered with mul-
tiple CV risk factors [26]. An interventional study had observed
decreased cardio-metabolic risks after the control of WC  by lifestyle

interventions [27]. Central obesity measured by WC  was consid-
ered to be an indicator of visceral fat accumulation, which was
implicated in the pathogenesis of hypertension, production of pro-
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Table  1
Baseline characteristics of men  and women stratified and adiposity patterns.

Characteristics Total BMI  18.5–21.9 kg/m2 BMI  22.0–23.9 kg/m2 BMI  24.0–28.0 kg/m2 BMI  ≥ 28.0 kg/m2

Central obesity Central obesity Central obesity Central obesity

No Yes No Yes No Yes No Yes

Men  16,002 1891 165 2540 472 3885 3455 595 2999
Age,  year 51.8 ± 11.2 52.0 ± 12.5 58.4 ± 12.1 51.0 ± 11.1 57.2 ± 10.1 49.7 ± 10.6 54.4 ± 10.4 47.9 ± 11.0 51.5 ± 11.3
High  school or above, N(%) 2770 (17.3) 354 (18.7) 12 (7.3) 435 (17.1) 51 (10.8) 687 (17.7) 560 (16.2) 87 (14.6) 584 (19.5)
¥800 per capital or above, N(%) 2176 (13.6) 231 (12.2) 9 (5.5) 319 (12.6) 42 (8.9) 532 (13.7) 485 (14.0) 53 (8.9) 505 (16.4)
BMI,  kg/m2 25.7 ± 3.3 20.7 ± 0.9 20.8 ± 0.9 23.1 ± 0.6 23.2 ± 0.6 25.6 ± 1.1 26.3 ± 1.1 29.8 ± 2.2 30.2 ± 2.1
WC,  cm 88.4 ± 9.3 77.3 ± 5.7 95.8 ± 6.3 81.2 ± 4.8 94.0 ± 4.7 84.0 ± 4.1 94.9 ± 4.9 84.8 ± 4.3 99.0 ± 6.5
SBP,  mmHg  135 ± 21 128 ± 20 130 ± 20 131 ± 20 136 ± 21 133 ± 20 137 ± 21 136 ± 20 140 ± 21
DBP,  mmHg 86 ± 12 81 ± 10 82 ± 11 84 ± 12 85 ± 11 86 ± 11 87 ± 11 88 ± 11 90 ± 12
FPG,  mmol/L 5.9 (5.7, 6.2) 5.9 (5.7, 6.2) 5.9 (5.8, 6.2) 6.0 (5.8, 6.3) 6.0 (5.8, 6.3) 6.0 (5.8, 6.3) 6.0 (5.8, 6.3) 6.0 (5.8, 6.4) 6.0 (5.8, 6.3)
Ever  or current smoker, N(%) 7132 (44.6) 952 (50.3) 49 (29.7) 1231 (48.5) 145 (30.7) 1797 (46.3) 1461 (42.3) 193 (32.4) 1304 (43.5)
Current drinker, N(%) 7883 (49.3) 920 (48.7) 48 (29.1) 1334 (52.5) 163 (34.5) 1975 (50.8) 1649 (47.7) 241 (40.5) 1553 (51.8)
Physical activity, N(%) 2563 (16.0) 304 (16.1) 17 (10.3) 402 (15.8) 69 (14.6) 582 (15.0) 592 (17.1) 67 (11.3) 530 (17.7)
Dyslipidemia, N(%) 10435 (65.2) 991 (52.4) 98 (59.4) 1444 (56.9) 303 (64.2) 2441 (62.3) 2470 (71.5) 396 (66.6) 2292 (76.4)
Hypertension, N(%) 8821 (51.4) 647 (34.2) 168 (41.2) 1117 (44.0) 238 (50.4) 1915 (49.3) 1926 (55.8) 357 (60.0) 1953 (65.1)
CKD,  N(%) 2082 (13.0) 184 (9.7) 18 (10.9) 309 (12.2) 50 (10.6) 502 (12.9) 468 (13.6) 117 (19.7) 434 (14.5)
Fatty  liver, N(%) 6127 (38.5) 153 (8.2) 21 (12.7) 446 (17.7) 109 (23.1) 1269 (32.9) 1622 (47.1) 337 (56.9) 2170 (72.6)
Hyperuricemia, N(%) 1524 (7.8) 66 (3.5) 7 (4.2) 108 (4.3) 25 (5.3) 206 (5.3) 348 (10.1) 40 (6.7) 448 (14.9)
Women 2701 303 124 250 262 218 895 27 622
Age,  year 51.2 ± 10.6 44.3 ± 11.7 51.1 ± 10.5 44.2 ± 10.1 51.2 ± 10.1 46.1 ± 9.6 53.2 ± 9.2 46.3 ± 13.4 52.3 ± 9.8
High  school or above, N(%) 718 (26.6) 129 (42.6) 15 (12.1) 105 (42.0) 54 (20.6) 76 (34.9) 199 (22.2) 7 (25.9) 133 (21.4)
¥800 per capital or above, N(%) 405 (15.0) 61 (20.1) 9 (7.3) 51 (20.4) 36 (13.7) 34 (15.6) 130 (14.5) 2 (7.4) 82 (13.2)
BMI,  kg/m2 25.7 ± 3.8 20.5 ± 1.0 21.0 ± 0.8 23.0 ± 0.6 23.1 ± 0.6 25.2 ± 0.9 26.0 ± 1.1 31.1 ± 3.6 31.0 ± 2.8
WC,  cm 85.1 ± 10.6 71.2 ± 4.6 87.1 ± 7.7 73.7 ± 4.1 86.1 ± 6.3 75.7 ± 3.4 88.2 ± 7.1 74.2 ± 5.9 94.7 ± 8.7
SBP,  mmHg  129 ± 22 117 ± 18 126 ± 19 119 ± 19 126 ± 19 122 ± 20 131 ± 20 126 ± 19 138 ± 23
DBP,  mmHg 82 ± 11 76 ± 9 81 ± 10 78 ± 10 80 ± 10 79 ± 11 83 ± 10 81 ± 11 87 ± 12
FPG,  mmol/L 5.9 (5.7, 6.2) 5.9 (5.7, 6.1) 5.9 (5.7, 6.1) 5.9 (5.7, 6.1) 5.9 (5.8, 6.2) 5.8 (5.7, 6.2) 6.0 (5.7, 6.3) 6.1 (5.8, 6.5) 6.0 (5.8, 6.3)
Ever  or current smoker, N(%) 40 (1.5) 6 (2.0) 2 (1.6) 3 (1.2) 2 (0.8) 2 (0.9) 12 (1.3) 1 (3.7) 12 (1.9)
Current  drinker, N(%) 152 (5.6) 27 (8.9) 3 (2.4) 21 (8.4) 11 (4.2) 15 (6.9) 45 (5.0) 2 (7.4) 28 (4.5)
Physical activity, N(%) 384 (14.2) 30 (9.9) 14 (11.3) 28 (11.2) 37 (14.1) 32 (14.7) 140 (15.6) 2 (7.4) 101 (16.2)
Dyslipidemia, N(%) 1682 (66.3) 125 (41.3) 73 (58.9) 131 (52.4) 171 (65.3) 124 (56.9) 613 (68.5) 13 (48.2) 432 (69.5)
Hypertension, N(%) 1064 (39.4) 45 (14.9) 43 (34.7) 54 (21.6) 87 (33.2) 56 (25.7) 410 (45.8) 12 (44.4) 357 (57.4)
CKD,  N(%) 410 (15.2) 28 (9.2) 16 (12.9) 31 (12.4) 43 (16.4) 40 (18.4) 146 (16.3) 6 (22.2) 100 (16.1)
Fatty  liver, N(%) 1073 (39.8) 14 (4.7) 14 (11.3) 20 (8.1) 78 (30.0) 51 (23.4) 430 (48.1) 10 (37.0) 456 (73.3)
Hyperuricemia, N(%) 1248 (7.8) 10 (3.3) 5 (4.0) 8 (3.2) 17 (6.5) 11 (5.1) 71 (7.9) 2 (7.4) 86 (13.8)
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ote: Continuous variables were described by mean ± standard deviation or medi
bbreviation: BMI  = body mass index; WC = waist circumference; SBP = systolic blo
idney disease.

nflammatory cytokines, as well as insulin resistance [13]. Our
esults revealed that the prevalence of fatty liver was obviously
igher in the participants with central obesity than those without.
xcept for WC,  fatty liver was also a marker for visceral fat, as well
s a strong predictor for CV events [28]. The possible mechanisms
inking fatty liver and CV risk might be the increased oxidative
tress, accelerated atherosclerosis, and over-expression of multiple
roatherogenic mediators [28]. Based on our findings, the combina-
ion of BMI  and WC should be more valuable in target the high-risk
ubgroup in prediabetes. Maintaining a proper level of WC should
e advocated at the national policy level.

However, unlike CV events, men  with a higher BMI  (but without
entral obesity) had the lowest risk of all-cause mortality. The pos-
ible reasons for different patterns of the association between BMI
nd mortality and CV events may  be that overweight people who
nce experienced a CV event were at a low risk of mortality due
o their attention and more aggressive medical treatment [23]. The
xistence and mechanism of obesity paradox among prediabetes
opulation remains to be elucidated. Several studies have explored
he association between BMI  and mortality in patients with dia-
etes, and these results are not consistent [5–7,16,29–32]. Five
tudies demonstrated that being overweight or obese were associ-
ted with a better survival rate, i.e. obesity paradox [5–7,16,30].
n contrast, two studies revealed that individuals of high BMI
ere associated with increased risk of mortality, with U-shaped
r J-shaped relationship [31,32]. One study showed no associa-
ion between BMI  and mortality [29]. The differences in population,
terquartile range); categorical variables were presented by number (percentage).
ssure; DBP = diastolic blood pressure; FPG = fasting plasma glucose; CKD = chronic

follow-up period, study design, as well as inconsistent definitions
might partially explain the above inconsistent results. In addition,
BMI  has been demonstrated to have a suboptimal correlation with
body fat content and distribution, and the latter was more closely
related to poor prognosis [26].

To the best of our knowledge, only three cohort studies
investigated the association between adiposity and mortality in
population with prediabetes [10–12]. All studies involved car-
diorespiratory fitness (CRF), a measure quantified as duration of
a maximal treadmill exercise test. Two studies demonstrated that
low CRF, rather than BMI, was  a significant predictor for all-cause
mortality [10,12]. Another study found that overweight individuals
were related to lower risk of mortality, but the negative associa-
tion was modified by CRF [11]. Our study combined BMI  and WC  (a
simple marker and easy to achieve), firstly to explore their associa-
tion with adverse outcomes in prediabetic population. We  found
that men  who  are overweight but without central obesity have
the lowest risk of mortality. Although obesity is a risk factor for
adverse events, diminished abdominal fat content might attenu-
ate obesity-related health risk [33]. Individuals with high BMI  but
without metabolic disorders (i.e. metabolically healthy but obese
phenotype) have been reported in a considerable proportion of the
obese population, who demonstrated the lower amounts of abdom-
inal fat, higher insulin sensitivity, better CRF, as well as relatively

benign prognosis [34]. Therefore, it was speculated that individuals
of slight high BMI  but without central obesity might represent those
metabolically health but obese phenotype, who  have more muscle
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Table 2
Incidence rates and hazard ratios (95% CI) for major CV events and all-cause mortality stratified by adiposity patterns.

Total BMI  18.5–21.9 kg/m2 BMI 22.0–23.9 kg/m2 BMI  24.0–28.0 kg/m2 BMI  ≥ 28.0 kg/m2

Central obesity Central obesity Central obesity Central obesity

No Yes No Yes No Yes No Yes

Men
No. of CV events 848 67 7 105 37 186 231 24 191
Per  100,000 person-years 618.5 411.8 504.7 480.4 925.2 553.5 789.2 466.2 747.0
Model  1 – 0.78 (0.58,1.07) 0.68 (0.31, 1.48) Reference 1.43 (0.98, 2.10) 1.26 (0.99, 1.60) 1.41 (1.11, 1.77) 1.14 (0.73, 1.77) 1.51 (1.19, 1.91)
Model  2 – 0.85 (0.62,1.15) 0.75 (0.35, 1.63) Reference 1.45 (1.00, 2.12) 1.21 (0.95, 1.54) 1.32 (1.05, 1.67) 1.01 (0.64, 1.58) 1.31 (1.03, 1.66)
No.  of death 1111 149 27 179 50 182 283 29 212
Per  100,000 person-years 792.1 902.8 1919.5 805.5 1215.7 530.4 938.0 554.3 806.0
Model  1 – 0.94 (0.76,1.17) 1.24 (0.83, 1.87) Reference 0.94 (0.69, 1.28) 0.75 (0.61, 0.92) 0.90 (0.75, 1.09) 0.89 (0.60, 1.32) 0.94 (0.77, 1.14)
Model  2 – 0.97 (0.78,1.21) 1.31 (0.87, 1.97) Reference 0.97 (0.71, 1.33) 0.75 (0.61, 0.92) 0.91 (0.75, 1.10) 0.84 (0.57, 1.25) 0.89 (0.73, 1.10)
Women
No.  of CV events 88 4 4 3 3 5 35 0 34
Per  100,000 person-years 374.8 151.6 367.6 138.2 129.4 261.7 450.5 0 635.5
Model  1 – 0.94 (0.21, 4.34) 1.57 (0.34, 7.38) 0.55 (0.10, 2.91) 1.68 (0.40, 7.04) 1.78 (0.51, 6.16) – 2.61 (0.76, 9.02)
Model  2 – 1.00 (0.22, 4.61) 1.55 (0.33, 7.30) Reference 0.53 (0.10, 2.80) 1.63 (0.39, 6.90) 1.57 (0.45, 5.53) – 2.14 (0.59, 7.71)
No.  of death 89 11 3 7 7 1 31 0 29
Per  100,000 person-years 373.2 415.3 272.0 319.4 301.3 52.0 390.6 0 528.8
Model  1 – 1.12 (0.43, 2.88) 0.45 (0.12, 1.75) reference 0.50 (0.17, 1.43) 0.14 (0.02, 1.17) 0.61 (0.27, 1.40) – 0.87 (0.38, 2.01)
Model  2 – 0.99 (0.38,2.60) 0.40 (0.10, 1.56) reference 0.50 (0.17, 1.45) 0.14 (0.02, 1.15) 0.60 (0.26, 1.38) – 0.79 (0.34, 1.86)

Note: Model 1 was  adjusted for age; model 2 was further adjusted for smoke status, alcohol consumption, income, education, physical exercise, hypertension, dyslipidemia, CKD, FPG, hyperuricemia. The meaning of bold values
is  P <0.05.
Abbreviation: BMI  = body mass index; CV = cardiovascular; CI = confidence interval.
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Fig. 2. Hazard Ratios for all-cause mortality (A–D) and major CV events (E–H) among participants with pre-diabetes, according to adiposity patterns.
Note:  A–D demonstrate all-cause mortality according to different categories of adiposity patterns. A for the total study population (1288 deaths), B for those who had never
smoked (748 deaths), C for those aged <65 years (684 deaths), and D excluded deaths during the first 4 years of follow up (958 deaths). E–H demonstrate major CV events
according to different categories of adiposity patterns. E for the total study population (1006 CV events), F for those who had never smoked (568 CV events), G for those
aged  <65 years (727 CV events), and H excluded CV events during the first 4 years of follow up (584 CV events). All estimates have been adjusted for age, sex, smoke status,
alcohol  consumption, income, education, physical exercise, hypertension, dyslipidemia, CKD, FPG, hyperuricemia. The bars represent 95% confidence intervals. Group A1:
B and w
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MI  18.5–21.9 kg/m2 and without central obesity; goup A2: BMI  18.5–21.9 kg/m2

reference group]; group B2: BMI  22.0–23.9 kg/m2 and with central obesity; group C
ith  central obesity; group D1: BMI  ≥ 28.0 kg/m2 and without central obesity; grou

ass rather than abdominal fat mass, and thus lower mortality risk.

ur findings improved the understanding of the different adiposity
atterns with adverse outcomes. Metabolically healthy and slightly
igh BMI  might be suitable in population with prediabetes.
ith central obesity; group B1: BMI  22.0–23.9 kg/m2 and without central obesity
I  24.0–27.9 kg/m2 and without central obesity; group C2: BMI 24.0–27.9 kg/m2 and

 BMI  ≥ 28.0 kg/m2 and with central obesity.

Our study has some strengths and limitations. Strengths include

the large sample size, long-term follow-up period. In addition, we
combined BMI  with WC to assess outcomes for the first time among
individuals with prediabetes. However, there are certain limita-
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ions that should be mentioned. First, our study was  based on a
opulation with a majority of men  and that may  limit generaliz-
bility of the study findings to women. Second, despite adjusted
or age, we did not know whether the two markers have special
alue for different age groups. Third, some unmeasured causal fac-
ors unevenly distributed between BMI/WC groups such as diet,
utrition and family history of CVD may  have influenced results
espite we have adjusted for multiple confounders. Finally, we  did
ot have the measure of oral glucose tolerance test, which could
esult in the inclusion of individuals with diabetes. A national sur-
ey in China reported the prevalence of prediabetes measured by
BG was 27.2%, and the prevalence of diabetes identified by IGT
as only 3.5% [4]. Thus, the proportion of individuals who  were
isclassified as prediabetes was low, and unlikely to influence our

esults.
In conclusion, among men  with prediabetes, BMI  and WC should

oth be included for the risk-stratification, and central obesity is an
mportant marker for long-term adverse outcomes. This informa-
ion might better guide public policymaker to develop strategies
owards individuals of different adiposity patterns among huge
rediabetic population.
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