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OBJECTIVE

We assess associations of general and central adiposity in middle age and of young
adulthood adiposity with incident diabetes in adult Chinese and estimate the asso-
ciated population burden of diabetes.

RESEARCH DESIGN AND METHODS

The prospective China Kadoorie Biobank enrolled 512,891 adults 30–79 years of age
from 10 localities across China during 2004–2008. During 9.2 years of follow-up,
13,416 cases of diabetes were recorded among 482,589 participants without diabe-
tes at baseline. Cox regression yielded adjusted hazard ratios (HRs) for incident di-
abetes associated with measures of general (e.g., BMI and BMI at 25 years) and
central (e.g., waist circumference [WC]) adiposity.

RESULTS

The mean (SD) BMI was 23.6 kg/m2 (3.4 kg/m2), and 3.8% had a BMI ‡30 kg/m2.
Throughout the range examined (19–32 kg/m2), BMI showed a positive log-linear
relationshipwith diabetes, with adjustedHRs per SDhigher usual BMI greater inmen
(1.98; 95% CI 1.93–2.04) than in women (1.77; 1.73–1.81) (P for heteroge-
neity <0.001). For WC, HRs per SD were 2.13 (95% CI 2.07–2.19) in men and
1.91 (1.87–1.95) in women (P for heterogeneity <0.001). Mutual adjustment
attenuated these associations, especially those of BMI. BMI at age 25 years was
weakly positively associatedwith diabetes (men HR 1.09 [95% CI 1.05–1.12]; women
1.04 [1.02–1.07] per SD), which was reversed after adjustment for baseline BMI. In
China, the increase in adiposity accounted for ∼50% of the increase in diabetes
burden since 1980.

CONCLUSIONS

Among relatively lean Chinese adults, higher adipositydgeneral and centraldwas
strongly positively associated with the risk of incident diabetes. The predicted con-
tinuing increase in adiposity in China foreshadows escalating rates of diabetes.

China has the largest number of adults with diabetes of any country worldwide, after
a rapid increase in prevalence (1). Between 1980 and 2010, diabetes prevalence in-
creased 2.2-fold in the U.S. and 1.2-fold worldwide (2) but increased almost 10-fold in
China (3,4). The reasons for the escalating rates of diabetes in China have still not been
properly characterized but likely reflect a combination of demographic changes (e.g.,
population aging) and increasing levels of adiposity due to lifestyle changes
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(e.g., increased consumption of energy-
dense foods anddecliningphysical activity)
associated with rapid economic develop-
ment and urbanization (5).
Adiposity is an established causal risk

factor for type 2 diabetes (6,7). However,
much existing evidence comes from
Western populations and focuses mainly
on BMI, a measure of general adiposity.
Questions remain about the relative im-
portance of general versus central (e.g.,
waist circumference [WC]) adiposity for
type 2 diabetes and about the relevance
of adiposity at different points during the
life course. Although the mean popula-
tion BMI in China has increased by almost
1 kg/m2 per decade since the mid-1980s,
it remains much lower than in the West
(8). However, for a given BMI, Chinese
adults are reported to have a higher
proportion of body fat and a greater pro-
pensity to central adiposity than their
Western counterparts (9). Previous stud-
ies of adiposity and type 2 diabetes in
China have been limited by small sample
size, cross-sectional design, examination
of later adulthood BMI only, or restriction
to occupational or urban cohorts (10–14).
We assess the associations of general and
central adiposity in middle age, and of
young adulthood adiposity, with inci-
dent diabetes in the prospective China
KadoorieBiobank (CKB) studyof0.5million
adult men and women and estimate the
associated burden of diabetes in the gen-
eral population.

RESEARCH DESIGN AND METHODS

Study Population
Details of the CKB study design, methods,
and population have been reported pre-
viously (http://www.ckbiobank.org/)
(15,16). Briefly, study participants were
recruited from 10 diverse areas (5 urban
and 5 rural) of China, selected to ensure
diversity in exposure and disease pat-
terns, while taking account of population
stability and death and disease registry
quality. Permanent, nondisabled resi-
dents of 100–150 rural villages or urban
committees in each study area, 35–74
years of age, were invited to participate.
A response rate of ;30% was achieved
(16), and 512,891 men and women
were enrolled (including;10,000 slightly
outside the target age range of 35–74
years).
Local, national, and international

ethical approval was obtained prior to

commencement of the study. All partici-
pants providedwritten informed consent.

Data Collection
The baseline survey took place between
June 2004 and July 2008. Trained health
workers administered laptop-based
questionnaires and undertook physical
examinations. Data were collected on so-
ciodemographic status; lifestyle factors, in-
cluding smoking, alcohol consumption,
diet, and physical activity (leisure, house-
hold, occupational, and commuting);
personal and family medical history;
and, using calibrated instruments with
standard protocols, anthropometric
measures, lung function, blood pres-
sure, and heart rate. A nonfasting ve-
nous blood sample was collected, and
the time that had passed since partici-
pants last ate was recorded. Immediate
on-site testing of plasma glucose level
was undertaken using the Johnson &
Johnson SureStep PlusMeter (LifeScan,
Milpitas, CA). Participants with a glucose
level$140 mg/dL and,200 mg/dL were
invited to return the following day for fast-
ing plasma glucose testing. Resurveys of
5% randomly selected samples of surviving
participants were undertaken in 2008 and
2013–2014, collating the same data as at
baseline, including anthropometric data.

Anthropometric Measurements
Standing height was measured to the
nearest 0.1 cm using a portable stadiom-
eter. Weight was measured to the near-
est 0.1 kg using the scale function of the
TBF-300 Body Composition Analyzer
(Tanita Inc., Tokyo, Japan), and the esti-
matedweight of clothing was subtracted
(summer 0.5 kg; spring/autumn 1.0 kg;
winter 2.0–2.5 kg). Height and weight
were measured without shoes. The TBF-
300 Body Composition Analyzer used
foot-to-foot bioelectrical impedance analy-
sis to measure body fat percentage (BF%)
using its built-in proprietary algorithm.WC
and hip circumference (HC) were mea-
sured to the nearest 0.1 cm with a non-
stretchable tape measure, as follows: WC
was measured at the midpoint between
the lowest rib margin and the iliac crest;
HC was measured around the maximum
circumference of the buttocks. WC and
HC were measured unclothed or 1–2 cm
was subtracted from the WC reading to
account for undergarments and 1 and
2.5 cmwere subtracted from theHC read-
ing to account for skirt and trousers, re-
spectively. BMI was calculated as weight

in kilograms divided by height in meters
squared. BMI at 25 years (BMI25) used
self-reported weight at age 25 years and
measured height at baseline. BMI change
was calculated by subtracting BMI25 from
BMI. The proportional change in BMI was
BMI change as a percentage of BMI25.
Waist-to-hip ratio (WHR) and waist-to-
height ratio (WHtR) were calculated as
theWCdividedbyHCand standing height,
respectively.

Follow-up for Morbidity and Mortality
Information on nonfatal disease out-
comes was collected through linkage
with established disease surveillance sys-
tems for certain diseases (diabetes, can-
cer, ischemic heart disease, and stroke),
and, via unique national identification,
with the national health insurance sys-
tem, which includes details of ICD-10–
coded diagnoses resulting in, or during,
hospitalization. The vital status of partic-
ipants was monitored through death reg-
istries and was checked annually against
local residential and health insurance re-
cords, and by active confirmation. Deaths
were ICD-10 coded by trained staff
blinded to baseline information. Cases
of incident diabetes were identified
through the disease surveillance system
for diabetes and through diabetes diag-
noses (ICD-10 codes E10 to E14) recorded
in the health insurance databases or as
underlying or contributing to death on
death certificates. By 1 January 2016,
37,289 participants (7.3%) had died and
4,098 (0.8%) were lost to follow-up.

Statistical Analysis
The current study excluded participants
with missing BMI (n = 2) data or with pre-
viously diagnosed or screen-detected
diabetes (17) at baseline (n = 30,300),
leaving 482,589 participants (198,574
men, 284,015 women) for inclusion in
the main analyses.

All analyseswereperformed separately
for men and women. The prevalence and
mean values of baseline characteristics
were calculated across BMI categories
(9), standardized by 5-year age groups
and study area. Cox proportional hazards
models were used to estimate hazard ra-
tios (HRs) for the associations of baseline
general (BMI, BF%) and central (WC,
WHR, WHtR) adiposity measures and
BMI25 and BMI change with incident di-
abetes, stratified by age at risk (5-year
groups) and study area, and adjusted for
education, income, occupation, smoking,
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alcohol consumption, physical activity, and
family history of diabetes. Further analyses
additionally adjusted for selected adiposity
measures to examine independent effects.
Adiposity measures were categorized (cut
points: 20th, 40th, 60th, 80th, 90th, and
95th percentiles) to examine the full distri-
bution, while ensuring adequate cases in
each category. If the shape of the associa-
tion was log linear, adiposity measures
were also investigated as continuous vari-
ables. The associations of BMI and WC
with incident diabetes were examined
across international and Asia-specific cate-
gories (9,18). The “floating absolute risk”
method was used when examining adi-
posity measures as categorical variables
(19); this does not alter the value of the
HRs but provides a 95% CI for each
HR based on the amount of data in that
category.
Single adiposity measurements may

not accurately reflect an individual’s usual
level because of random measurement
error, including within-person variation
or change over time (20). Repeat adipos-
ity measurements available for 18,750
participants who attended the resurvey
3 years after baseline were used to esti-
mate regression dilution ratios, calculated
as the slope of the regression line be-
tween baseline and resurvey measure-
ments adjusted for age and study area
(21). Log HR estimates for baseline BMI
and WC (and other adiposity measures),
which were examined as continuous var-
iables, were multiplied by the reciprocal
of the regression dilution ratio to estimate
associations of usual BMI and WC with in-
cident diabetes risk (20). Comparison of
HRs for the first 4 years and for subse-
quent years of follow-up revealed no
clear deviation from the proportional haz-
ards assumption. Adjusted HRs were cal-
culated across strata of other covariates,
and x2 tests for trend and heterogeneity
were applied to logHRs and their SEs (22).
All analyses used SAS version 9.4. Fig-

ureswere produced using R version 3.3.2.

RESULTS

Among the 482,589 participants, the
mean BMI was 23.6 kg/m2 (SD 3.3 kg/m2),
4.5% were underweight (,18.5 kg/m2),
28.1% were overweight (25.0–29.9 kg/m2),
and 3.8% were obese ($30.0 kg/m2)
(Table 1). Men with higher BMI were
more likely to have higher socioeconomic
status and to be alcohol drinkers and

were less likely to be regular smokers.
These associations were not evident in
women. In both sexes, BMI was strongly
positively associatedwith randomplasma
glucose level and family history of diabe-
tes, and measures of both general and
central adiposity tended to correlate
strongly with each other (Supplementary
Fig. 1 and Supplementary Table 1). BMI25
was positively associated with BMI at
baseline but was only weakly correlated
with baseline adiposity measures. Mean
BMI and WC values were higher in urban
than in rural areas. Between the baseline
survey and the 2013 resurvey (i.e., ;8
years after baseline), there were mod-
est increases in mean BMI (men 23.4 to
24.0 kg/m2; women 23.8 to 24.2 kg/m2)
andWC (men 82.0 to 86.3 cm;women 79.1
to 83.4 cm), which were more marked in
rural than urban areas (Supplementary
Table 2).

During ;4.3 million person-years
(mean 9 years) of follow-up, 13,416 par-
ticipants (2.8%) were newly diagnosed
with diabetes (13,198 nonfatal, 218 fatal)
at age at risk of 35–79 years. The overall
diabetes incidence was 314 per 100,000
person-years, which was similar in urban
and rural areas (320 vs. 312 per 100,000
person-years), in contrast tohigher diabe-
tes prevalence in urban areas at baseline
(Supplementary Fig. 2). Among those in
whom incident diabetes developed dur-
ing follow-up, the mean baseline BMI
(25.5 kg/m2 [SD 3.6 kg/m2] vs. 23.5 kg/m2

[SD 3.3 kg/m2]) and WC (85.2 cm [SD
10.1 cm] vs. 79.8 cm [SD 9.6 cm]) were
higher than among those in whom diabe-
tes did not develop.

Compared with men with so-called
“normal” weight, overweight or obese
men had adjusted HRs of 2.87 (95% CI
2.76–2.98) and 6.10 (5.54–6.72), respec-
tively, for incident diabetes (Table 2).
Among women, the corresponding HRs
were 2.35 (95% CI 2.28–2.42) and 4.36
(4.09–4.65). Individuals who were under-
weight had significantly lower risk (men:
HR 0.64 [95% CI 0.52–0.77]; women: HR
0.61 [0.53–0.71]).WhenAsia-specific BMI
cut points (9) were applied, the magni-
tude of HRs associated with overweight
and obesity were similar (Supplementary
Table 4). There was a fourfold to fivefold
higher risk associatedwith grade 2 abdom-
inal obesity (18) compared with a “nor-
mal”WC (Table 2).

There were positive log-linear associa-
tions of baselineBMI andWCwith the risk

of incident diabetes (P for trend,0.001)
(Fig. 1). For BMI, each1-SD incrementwas
associated with HRs of 1.91 (95% CI 1.86–
1.96) in men and 1.70 (1.67–1.73) in
women (P for heterogeneity ,0.001),
whereas for WC they were 1.99 (1.94–
2.04) and 1.78 (1.75–1.81) (P for heteroge-
neity,0.001), respectively. After mutual
adjustment, the HRs for BMI were atten-
uated by.60% (men 66%; women 61%)
and for WC by;40% (men 43%; women
44%). For both BMI and WC, the HRs per
SD increment were greater in men than
in women at all ages (overall P for het-
erogeneity ,0.001) (Supplementary
Fig. 3) and at younger rather than older
ages in both sexes (P for trend ,0.001)
(Supplementary Figs. 4 and 5).

The strength of associations of BMI
and WC with diabetes were consistent
between study areas (Supplementary
Fig. 6), but overall they were stronger in
rural than in urban areas (P for heteroge-
neity,0.001) and in individualswithout a
family history of diabetes, although the
difference reached significance only in
men (P for heterogeneity = 0.01) (Sup-
plementary Figs. 4 and 5). Among men,
there was evidence of a stronger associ-
ation of WC with diabetes in ever-regular
than in never-regular smokers (P for het-
erogeneity = 0.02) (Supplementary Fig. 4).

After applying regression dilution ra-
tios (men 0.95; women 0.93), each 1-SD
higher usual BMI was associated with ad-
justed HRs of 1.98 (95% CI 1.93–2.04) and
1.77 (1.73–1.81) in men and women, re-
spectively (Supplementary Table 5),
whereas for usual WC the corresponding
HRs were 2.13 (2.07–2.19) and 1.91
(1.87–1.95) (regression dilution ratios:
men 0.91; women 0.89).

There were strong, positive log-linear
associations of other measures of adipos-
ity with risk of diabetes (Supplementary
Figs. 7 and 8 and Supplementary Table 5).
HC was positively associated with inci-
dent diabetes after basic adjustment (P
for trend ,0.001), with a greater HR in
men than in women (1.76 [95% CI 1.71–
1.82] vs. 1.49 [1.46–1.53] per 1 SD) (P for
heterogeneity ,0.001). After additional
adjustment for WC, this association was
reversed, and the sex difference attenu-
ated (men 0.87 [95% CI 0.83–0.92];
women 0.86 [0.83–0.89]) (P for heteroge-
neity = 0.7). For WHR, each 1-SD incre-
ment was associated with adjusted
HRs of 1.33 (95% CI 1.31–1.35) in men
and 1.27 (1.26–1.29) in women (P for
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heterogeneity,0.001), whichweremod-
erately attenuated by additional adjust-
ment for BMI.
Further adjustment for blood pressure

or dietary factors (fresh fruit, fresh vege-
tables, meat, rice, soybean products, and
wheat consumption), or in women for
menopausal status, did not materially al-
ter the associations, nor did the exclusion
of individuals in whom cancer developed
(which could cause significant weight
change) prior to the diagnosis of diabetes
(Supplementary Table6). Sensitivity analy-
ses based on the resurvey population
(n = 14,881) revealed no significant differ-
ences in the strength of associations of
BMI (P for heterogeneity: men 0.4;
women 0.5) or WC (P for heterogeneity:
men 0.3; women 0.4) with incident diag-
nosed diabetes and undiagnosed diabe-
tes (Supplementary Fig. 9).
There was a weak positive log-linear

association between BMI25 and the risk
of diabetes in later adulthood (men HR
1.09 [95% CI 1.05–1.12] and women
1.04 [1.02–1.07] per 1 SD higher) (P for
trend ,0.001) (Supplementary Fig. 10).
However, after additional adjustment
for BMI at baseline, a higher BMI25 was
associated with a lower risk of incident
diabetes (P for trend ,0.001). Likewise,
there was no clear association of BMI25
with incident diabetes within each base-
line BMI category, whereas the converse
was true for baseline BMI levels within
each BMI25 category (Supplementary
Table 7). Absolute (Supplementary Fig.
10) and proportional (Supplementary
Fig. 11) changes in BMI between 25 years
of age and baseline (mean 26.1 years)
were strongly positively associated with

the risk of diabetes, but these associa-
tions were markedly attenuated af-
ter additional adjustment for BMI at
baseline.

CONCLUSIONS

This is the largest ever prospective cohort
study in China examining the relationship
between adiposity and incident diabetes.
In this relatively lean adult population,
there were strong, positive, apparently
log-linear, associations betweenmeasures
of central and general adiposity and in-
cident diabetes, and general overweight
and obesity were associated with twofold
to sixfold greater risks of diabetes. Rela-
tive risk estimates appeared to be some-
what greater among men than women
and for measures of central than general
adiposity. Assuming a causal association
and an increase in mean population BMI
of 1 kg/m2 per decade, as has occurred in
China (8), and applying our relative risk
estimates to national diabetes prevalence,
it was estimated that adiposity accounted
for almost 50% of the increase in diabetes
burden since 1980 and that 40 million
prevalent cases of diabetes (men 21.5
million; women 18.5 million) (36%) could
be attributed to excess general adiposity
(BMI$25 kg/m2) in China in 2010 (Fig. 2).

Previous large prospective studies, or
meta-analyses of such studies, have dem-
onstrated clearly that adiposity is the
strongest modifiable risk factor for
type 2 diabetes. In a large pooling project
ofWestern prospective cohorts, including
5,500 cases of diabetes, each 5 kg/m2

increment in BMI was associated with a
2.7-fold higher risk of diabetes (23). This
is comparable with findings from the

European Prospective Investigation in-
to Cancer and Nutrition (EPIC)-InterAct
nested case-control study of .12,000
cases of type 2 diabetes, which showed a
doubling of the risk of type 2 diabetes per
SD (;4 kg/m2) higher BMI (24). Our study
shows reliably that risk estimates for BMI
in Chinese adults are largely comparable
with those from previous Western stud-
ies, thus further extending the positive
log-linear association with diabetes to
well below the range of BMI typically
seen in Western populations (9). Central
adipositymeasures, indicating the degree
of visceral adiposity, are proposed to be
more important indicators of cardiometa-
bolic risk than general adipositymeasures
(25). However, previous large studies in
Western populations, and limited data
from East Asia (24,26), have found largely
comparable strengths of association of
WC (e.g., 2-fold to 2.5-fold higher risk
per SD higher after minimal adjustment
for confounding) and BMI with the risk of
diabetes (24). Importantly, however,
these studies did not take account of re-
gression dilution bias, which would be ex-
pected to be somewhat greater for WC
than for BMI. In the CKB study, more
marked attenuation of the association
of baseline BMI with incident diabetes
after adjustment for baseline WC than
vice versa and the stronger associa-
tion of usual WC than usual BMI, after
accounting for measurement error, sug-
gest a somewhat stronger association of
WC with the risk of diabetes.

Previous findings on sex differences in
the strength of association between adi-
posity and type 2 diabetes are inconsistent
(13,23,27,28). One prospective study in

Table 2—Number of cases of diabetes, standardized diabetes incidence rates, and adjusted HRs by BMI and WC at baseline

Men Women

No. of
cases

Standardized rate
per 100,000 (95% CI)* HR (95% CI)†

No. of
cases

Standardized rate
per 100,000 (95% CI)* HR (95% CI)†

BMI (kg/m2)
Underweight (,18.5) 104 112.4 (84.7–140.2) 0.64 (0.52–0.77) 182 117.9 (89.9–145.9) 0.61 (0.53–0.71)
Normal weight (18.5–24.9) 2,183 195.4 (188.6–202.2) 1.00 (0.96–1.05) 3,492 200.1 (193.2–206.9) 1.00 (0.97–1.04)
Overweight (25.0–29.9) 2,366 537.3 (519.4–555.1) 2.87 (2.76–2.98) 3,680 528.8 (511.2–546.3) 2.35 (2.28–2.42)
Obese ($30.0) 431 1,055.9 (1,023.7–1,088.1) 6.10 (5.54–6.72) 978 1,047.6 (1,015.2–1,080.0) 4.36 (4.09–4.65)

WC (cm)
Normal‡ 3,781 178.6 (169.7–187.5) 1.00 (0.96–1.04) 2,914 116.7 (109.9–123.5) 1.00 (0.96–1.04)
Abdominal obesity grade 1§ 947 713.8 (663.8–763.8) 3.06 (2.87–3.26) 2,690 408.2 (392.4–423.9) 2.19 (2.11–2.27)
Abdominal obesity grade 2| 356 1,379.9 (1,309.3–1,450.6) 5.16 (4.65–5.73) 2,728 843.7 (829.8–857.6) 3.94 (3.78–4.10)

*Standardized to age and study area structure of CKB population. †Stratified by age and study area and adjusted for education, income, occupation,
smoking, alcohol consumption, physical activity, family history of diabetes. ‡Men#94.0 cm; women#80.0 cm. §Men 94.1–102.0 cm; women 80.1–
88.0 cm. |Men.102.0 cm; women.88.0 cm. Analyses were restricted to participants in whom diabetes developed between 35 and 70 years of age,
excluding 7 incident cases of diabetes at,35 years of age and 236 at$80 years of age.
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China (13) showed a stronger association
of BMI and WC in women, but the num-
ber of women includedwas small (;20%;

n = 16,680). Several Western population
studies (24,29) have shown a stronger as-
sociation of WC, but less clearly of BMI,

among women than men. The CKB study
provides robust evidence of a stronger as-
sociation of BMI among men, which was

Figure 1—Adjusted HRs (95% CI) for diabetes by baseline BMI andWC. Basic adjustment results are stratified by age and study area and are adjusted for
education, household income, occupation, smoking, alcohol consumption, physical activity, and family history of diabetes. Squares represent the HRwith
area inversely proportional to the variance of the log HR, and error bars indicate the 95% CI. Adjusted HRs are plotted against mean BMI andWC levels in
each category. To avoid overlap of 95% CI lines, the boxes and their 95% CIs for the reference groups weremoved apart slightly from the actual positions.
Continuous associations reflect sex-specific BMI and WC SDs.
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attenuated by additional adjustment for
WC. This is consistent with the apparently
stronger association of WC among men
observed in the CKB study, likely reflect-
ing a greater propensity of men than
women for visceral fat accumulation
(18) and for higher levels of insulin resis-
tance (30). Explanations for the discrep-
ancy with previous findings in Western
population studies, in particular for WC,
are unclear but may reflect ethnic differ-
ences in the sexual dimorphism in body
composition (31) (e.g., predisposition to
visceral vs. subcutaneous adiposity), but
further investigation is required to under-
stand this fully (31).
The diabetes incidence rates observed

in the current study were similar in urban
and rural areas, in contrast with a higher
prevalence of diabetes seen in urban
areas at baseline (17). A higher propor-
tion of undiagnosed diabetes in urban
areas could explain this pattern; however,
evidence from a subset of study partici-
pants who attended baseline and two

subsequent surveys suggests that the
rate of undiagnosed diabetes after base-
line was higher in rural (44%) than in ur-
ban (35%) areas. This would be expected
to result in smaller relative risk estimates
in rural areas, but theadiposity-associated
diabetes risks, if anything, were some-
what greater in rural than in urban areas,
especially among men. The converging
urban-rural diabetes incidence trends
may in part reflect marked increases in
adiposity in rural areas over recent years
(32) as well as adverse lifestyle changes
beyond adiposity. In combination with
poorer diabetes-associated outcomes in
rural areas (33), this highlights the need
for focused attention on diabetes preven-
tion and management in rural areas of
China.

Although some studies have suggested
that early adulthood adiposity is an inde-
pendent risk factor for type 2 diabetes
during later adulthood (34,35), this is
not supported by larger studies in which
the association was attenuated (36,37) or

reversed (38) after accounting for later
adulthood adiposity. One previous Chi-
nese population study (35), including
;120,000 adults with a diabetes preva-
lence of 21%, found increasing odds of
prevalent diabetes with increasing BMI
at age 20 years after controlling for
weight change between 20 and 40 years.
However, the cross-sectional study de-
sign increases the susceptibility of these
analyses to biases. Withmore incident di-
abetes cases than previous studies com-
bined (n = 11,400 vs. 4,500), we show
clearly that adiposity in later adulthood
is critical in determining the risk of type 2
diabetes,which is consistentwith themore
functionaldrather than anatomicald
abnormalities underlying type 2 diabetes
(36) and with observed type 2 diabe-
tes remission (6). Although we used self-
reported weight at 25 years, resurvey data
demonstrated good correlation between
repeated self-reports (Pearson correlation
coefficients 0.81 and 0.77, comparing
baseline with first and second resurveys,
respectively), which is consistent with pre-
vious studies showing accurate recall of
past body weight (39). These findings
highlight the importance of weight man-
agement throughout adulthood, although
their generalizability to current and future
generations of young adults is unclear,
given the low average BMI25 in CKB study
participants.

Apart from the large population, our
study has several strengths. The exclusion
of diagnosed and undiagnosed diabetes
at baseline reduced the potential for re-
verse causality, and the relatively lean
study population enabled investigation
of a uniquely wide adiposity range. The
use of standardized protocols and exten-
sive training across study centers ensured
the reliability of exposuremeasurements.
A medical record review for almost 1,000
incident cases of diabetes confirmed the
validity of the diagnosis (positive predic-
tive value 97%, based onAmerican Diabe-
tes Association diagnostic criteria [40]
and medication use), and the estimated
diabetes prevalence based on the CKB re-
survey population (to enable estimation
of undiagnosed diabetes prevalence) was
reasonably consistentwith nationally rep-
resentative surveys (4,41) (Supplementary
Table 8). Furthermore, themean BMI and
prevalence of overweight and obesity in
the CKB study were comparable to con-
temporaneous nationally representative
surveys in China (32). Extremely low loss

Figure 2—AdjustedHRs fordiabetes andcasesof diabetes causedbyexcess adiposity (BMI$25 kg/m2).
A: Adjusted HR for diabetes associated with excess adiposity (BMI $25 kg/m2) by age and sex.
HRs are calculated for overweight or obese (BMI $25 kg/m2) participants versus the absence of
overweight or obese (BMI,25 kg/m2) participants. HRs are stratified by age and study area and are
adjusted for education, household income, occupation, smoking, alcohol consumption, physical
activity, and family history of diabetes. Squares represent the HR with the area inversely propor-
tional to the variance of the log HR, and error bars indicate the 95%CI. B: Diabetes cases attributable
to excess adiposity (BMI $25 kg/m2) in 2010. Age- and sex-specific prevalence of overweight and
obesity in the CKB study are comparable with contemporaneous nationally representative surveys
(32), and the population attributable fraction (PAF)was calculated as P(HR21) dividedby HR, where
P is the prevalence of excess adiposity among those in whom incident diabetes developed. By
applying age- and sex-specific HRs to nationally representative, age- and sex-specific diabetes
prevalence (4), we estimated the number of diabetes cases attributable to excess adiposity.
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to follow-up and the diversity of the study
population limit the potential for biased
risk estimates and ensure the generaliz-
ability of the findings. Furthermore, the ad-
justmentofestimates for regressiondilution
bias, using repeatadipositymeasuresduring
follow-up, ensures accurate estimates of
the association of usual adiposity levels
and the risk of diabetes. Although repeat
adiposity measurements used for adjust-
ment were slightly earlier than the ideal
midpoint of follow-up (intraindividual var-
iation in exposures increases with longer
periods of follow-up) (20), any resulting
underestimation of intraindividual varia-
tion would be expected to be minimal for
adiposity measures. However, our study
has certain limitations. Incident diabetes
was restricted to diagnosed cases, but
the presented sensitivity analyses suggest
that this would not have a significant
impact on risk estimates. Conversely, al-
though the proportion of diabetes cases
remaining undiagnosed may be lower in
individuals with the highest BMI levels
(given the known association of obesity
with type 2 diabetes), leading to overesti-
mation of adiposity-associated risks, this
would not explain the observed associa-
tion among individuals without over-
weight or obesity. Given the age of the
cohort, all incident diabetes cases were
assumed to be type 2 diabetes; a small
proportion may have been type 1 diabe-
tes, and their inclusion would likely under-
estimate adiposity-associated risks.
In conclusion, the current study pro-

vides the first large-scale prospective ev-
idence of strong, positive, independent
relationships of general and central adi-
posity with incident diabetes risk in Chi-
nese adults. Adiposity is the strongest
modifiable, and causal (7), risk factor
for type 2 diabetes, and projected fur-
ther increases in adiposity levels in the
population will foreshadow still higher
diabetes prevalence in coming decades
in China, perhaps particularly among ru-
ral populations. In the absence of known
modifiable causal mediators of the as-
sociation with type 2 diabetes, tackling
adiposity at a whole-population level is
imperative for control of the diabetes
epidemic in China.
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23. Kivimäki M, Kuosma E, Ferrie JE, et al. Over-
weight, obesity, and risk of cardiometabolicmulti-
morbidity: pooled analysis of individual-level data
for 120 813 adults from 16 cohort studies from
the USA and Europe. Lancet Public Health 2017;
2:e277–e285
24. Langenberg C, Sharp SJ, Schulze MB, et al.;
InterAct Consortium. Long-term risk of incident
type 2 diabetes and measures of overall and re-
gional obesity: the EPIC-InterAct case-cohort
study. PLoS Med 2012;9:e1001230
25. Hamdy O, Porramatikul S, Al-Ozairi E. Meta-
bolic obesity: the paradox between visceral and
subcutaneous fat. Curr Diabetes Rev 2006;2:367–
373

26. VazquezG, Duval S, Jacobs DR Jr, Silventoinen
K. Comparison of body mass index, waist circum-
ference, and waist/hip ratio in predicting incident
diabetes: ameta-analysis. Epidemiol Rev 2007;29:
115–128
27. Xu L, Lam TH, Jiang CQ, et al. Adiposity and
incident diabetes within 4 years of follow-up: the
Guangzhou Biobank Cohort Study. Diabet Med
2017;34:1400–1406
28. Kautzky-Willer A, Harreiter J, Pacini G. Sex
and gender differences in risk, pathophysiology
and complications of type 2 diabetes mellitus.
Endocr Rev 2016;37:278–316
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