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Overall and central obesity with insulin sensitivity and
secretion in a Han Chinese population: a Mendelian
randomization analysis
T Wang1,5, X Ma1,5, T Tang2,5, L Jin3, D Peng1, R Zhang1, M Chen1, J Yan1, S Wang1, D Yan1, Z He1, F Jiang1, X Cheng2, Y Bao1, Z Liu3,
C Hu1,4 and W Jia1

BACKGROUND/OBJECTIVES: Clinical heterogeneity exists in overall obesity and obesity in terms of susceptibility to type 2
diabetes, but the relationship is vulnerable to be confounded by traditional risk factors in epidemiological studies. We aimed to
characterize the impact of obesity in insulin secretion and sensitivity by using Mendelian randomization (MR) approach with
genetic variants.
SUBJECTS/METHODS: We first constructed two genetic risk scores based on 38 established loci for body mass index (BMI; a
surrogate of overall obesity) and 13 waist-to-hip ratio (WHR; a surrogate of central obesity) to assess the causal effects of BMI and
WHR on several glycaemic-related traits in 2884 community-based Han Chinese individuals.
RESULTS: Both of BMI and WHR were observationally correlated with insulin secretion and sensitivity indices. The MR analysis
demonstrated that a genetically determined 1 s.d. (3.35 kg m− 2) higher BMI caused a unit of 178.18 pmol l− 1 higher Stumvoll first-
phase and 35.52 pmol l− 1 higher Stumvoll second-phase insulin secretion (P= 0.001 and 0.002, respectively), which were even
independent of central obesity (P= 0.019 and 0.039, respectively). In contrast, a genetically determined 1 s.d. higher WHR (a change
of 0.002 in WHR) caused a unit of 1.21 higher homeostasis model assessment of insulin resistance and 18.40 lower Gutt index
(representing the insulin sensitivity) (P= 0.048 and 0.028, respectively). No substantial heterogeneity existed between the observed
associations and the genetic estimated associations (P for difference > 0.05).
CONCLUSIONS:We provide new causal evidence that the impact of obesity on insulin secretion and sensitivity could vary between
overall obesity and central obesity in Han Chinese populations and also identify the extent to which overall obesity affects
compensatory insulin secretion and central obesity inversely links to insulin sensitivity.
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INTRODUCTION
Obesity is considered a major risk factor for type 2 diabetes (T2D)
and the current T2D epidemic has been ascribed to a substantial
increase in the incidence of obesity.1,2 Clinical heterogeneity exists
in different types of obesity leading to T2D. Some individuals with
central obesity are at higher risk for the onset of diabetes than
those with overall obesity.3,4 Regarding the differences in
structure and function of these two types of adiposity, it is
important to discover the mechanisms underlying the develop-
ment and progression of T2D in people with different types of
obesity to get insight into this problem.
The declines in insulin secretion and insulin sensitivity are two

major determinants in the pathogenesis of T2D. Even though it
has ubiquitously been recognized that both of overall obesity and
central obesity increased the T2D risk, the causal link between
obesity and the pathogenesis of T2D, including insulin secretion or
insulin sensitivity, remains completely understood. Previous
investigations found an inverse relation of overall obesity and

central obesity (that is, ectopic fat depots in liver, muscle or heart)
with insulin sensitivity in the conventional epidemiological
studies,3 whereas the evidence for impacts on β-cell function is
not established. The mixed results may be due to study design,
selection bias and other confounding factors. Novel insight into
the impacts of overall obesity and central obesity on insulin
secretion and sensitivity can be obtained with Mendelian
randomization (MR). This is an instrumental variable approach to
test for a causal link between T2D risk or related traits and a
genetically influenced phenotype of obesity (that is, body mass
index (BMI), waist circumference (WC) and waist-to-hip ratio
(WHR)), protecting genotype–phenotype associations from the
presence of potential confounding and reverse causation. So far, a
number of studies have rapidly been evolving to examine the
causal role of obesity as a risk factor in cardiovascular diseases,5,6

some kinds of cancer7 and other diseases.8

Thus we conducted this population-based study in 2884 Han
Chinese subjects to investigate the causal role of BMI and WHR in
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glycaemic-related traits and to test whether the contribution to
insulin sensitivity and secretion are different between overall and
central obesity susceptibility.

MATERIALS AND METHODS
Subjects
A total of 2960 subjects were enrolled from a community-based Han
Chinese population. All subjects were given written informed consent.
Subjects with cancer, severe disability or severe psychiatric disturbances
were excluded. The remaining 2884 subjects completed a standard
medical questionnaire, anthropometric measurements and biochemical
examinations. The study complied with the Declaration of Helsinki and was
approved by the Institutional Review Board of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital.

Anthropometric and biochemical measurements
BMI was calculated as weight (kilograms) divided by height2 (metres). WC
was measured at the level of the umbilicus, and hip circumference was
measured around the buttocks. WHR was calculated as the ratio between
the waist and hip circumferences in centimetres. Body fat percentage (%)
was assessed with the TBF-410 Tanita Body Composition Analyzer (Tanita,
Tokyo, Japan).
Each subject underwent a 75 g oral glucose tolerance test, and blood

samples were obtained at the fasting, 30-min and 2-h time points during
the oral glucose tolerance test. Glucose levels were assayed with the
glucose oxidase method, and plasma insulin levels were measured by
radioimmunoassay (Linco Research, St Charles, MO, USA). We also
calculated the areas under the curve of glucose and insulin using the
trapezoidal rule and estimated the insulinogenic index. Insulin sensitivity
and secretion were estimated according to the homeostasis model
assessments of insulin resistance and β-cell function (HOMA-IR and
HOMA-B, respectively), as well as computations proposed by Stumvoll
et al.9 and Gutt et al.,10 generating the following five indices: HOMA-IR,
HOMA-B, Stumvoll first-phase and second-phase insulin secretion, and
Gutt index (Supplementary Table S1).

Single-nucleotide polymorphism (SNP) selection, genotyping and
quality-control analysis
We selected almost all of reported SNPs associated with BMI and WHR
from large-scale genome-wide association studies, most of which were
primarily identified in European populations and subsequently replicated
in East Asian populations. After filtering those variants in linkage
disequilibrium with each other in the same regions (r2 > 0.8), we focussed
on 40 independent BMI-SNPs and 13 WHR-SNPs.11–14 As 8 out of the 40
BMI-SNPs are monomorphic in Han Chinese populations, a total of 32 BMI-
SNPs and 13 WHR-SNPs were genotyped using the MassARRAY Compact
Analyzer (Sequenom, San Diego, CA, USA). The characteristics of the
included SNPs are listed in Supplementary Table S2. None of the SNPs
failed quality control, with call rates 495% and concordant rates 499%.

Genetic risk score (GRS) calculation
Both unweighted and weighted BMI-GRS and WHR-GRS were calculated.
Specifically, the unweighted GRS was created by summing the number of
BMI- or WHR-increasing alleles. Considering the varying effect size, the
weighted computation of BMI and WHR was calculated by multiplying
each subject’s allele score (0, 1, 2) by the SNP’s β coefficient from previous
genome-wide association studies conducted in East Asian populations and
then adding the scores. To facilitate comparison with the unweighted GRS,
the value of the weighted computation was rescaled by dividing all values
by the sum of the β coefficients and then multiplying by the total number
of SNPs, thus obtaining the final weighted GRS. For missing data, only
subjects for whose data were missing for 415% of total SNPs (that is, five
SNPs for BMI and one SNP for WHR) were excluded. GRS of the remaining
subjects with missing data was standardized to those for subjects with
complete data (Supplementary Table S1).

Statistical analysis
All traits were standardized to Z-scores of a mean of 0 and an s.d. of 1 to
allow comparison of effect sizes across traits. Linear regression analysis was
used to test the effects of individual SNPs on quantitative traits with the

additive genetic model using PLINK (http://pngu.mgh.harvard.edu/ ~ pur
cell/plink/). The statistical analyses were performed using the SAS software
(version 8.0; SAS Institute, Cary, NC, USA), unless otherwise specified. All
analyses were adjusted for covariates, such as age, sex and other variables,
if appropriate. A two-tailed P-value o0.05 was considered significant.
For observed analyses, general linear regression models were used to

assess the association of BMI or WHR with other quantitative traits. The
regression coefficients βObesity− Trait were calculated in units of 1-s.d.
metabolic traits per 1 s.d. of BMI or WHR increment.
For MR analysis, we used the GRS for predisposition to higher BMI or

WHR as an instrumental variable. BMI-GRS and WHR-GRS were modelled as
continuous variables, and a general linear regression model was applied to
test the associations with quantitative traits. The MR framework for
estimating causal effects is described in Figure 1. The regression
coefficients βGRS− Trait are calculated in units of 1-s.d. observed metabolic
traits per 1 unit of BMI- or WHR-GRS increment. The causal effect
estimates are hereby inferred to βe(Obesity− Trait), which equals to the
result of βGRS− Trait divided by βGRS−Obesity, where βGRS−Obesity is the
association of GRS with BMI or WHR. Difference between βo(Obesity− Trait)

and βe(Obesity− Trait) is compared by using the t-statistic.
Post hoc power for each SNPs with obesity-related traits was calculated

with the Quanto software (http://biostats.usc.edu/Quanto.html, version
1.2.4, May 2009) and the power for MR analyses was estimated with the
G*Power software.15 Our study had 43–84% power to detect an effect size
of 0.25 kg m− 2 for BMI and 13–40% power to detect an effect size of 0.048
for WHR for minor allele frequencies ranging between 0.1 and 0.5. For MR
analysis, we had 60–91.5% power of detecting the estimate effect sizes for
BMI-GRS and WHR-GRS with a two-sided α of 0.05.

RESULTS
General characteristics
In total, 2884 middle-aged subjects from community-based Han
Chinese populations with genotype and metabolic phenotype
measurements were included in our analysis. The characteristics of
the subjects are shown in Table 1. As shown in Supplementary
Table S2, the effects of 26 BMI-SNPs and 5 WHR-SNPs were
directionally consistent with the results from previously reported
studies. The association of 9 BMI-SNPs with BMI and 3 WHR-SNP
with WHR reached a significant level (P range from 8.19 × 10− 7 to
0.0495), which was in line with the number of SNPs according to
our power calculation.

Effects of BMI and WHR with glycaemic-related traits: the
observational analysis
In observational analysis, BMI was robustly correlated with a
range of glycaemic-related traits (that is, insulin sensitivity and
insulin secretion indices) and we also observed almost similar

Figure 1. The framework of MR. The theory of MR by using obesity
GRS as an instrumental variable to dissect the causal relationship
between different types of obesity and glycaemic-related traits.
Associations determined from observed linear regression analyses
are shown in black solid line. Estimated associations are shown in
black dashed line. The causal effect estimates, βe(Obesity− Trait), is the
GRS association with traits (βGRS− Trait) divided by GRS association
with obesity (βGRS−Obesity).
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associations of WHR with these glycaemic-related traits (P range
from 3.38 × 10− 55 to 0.028; Tables 2 and 3)

BMI and glycaemic-related traits: the MR analysis
The causal effects of BMI on glycaemic-related traits were analysed
using MR using BMI-GRS as an instrumental variable. First, the
weighted BMI-GRS was robustly associated with 0.036 s.d. per
allele or 0.12 kg m− 2 per allele higher BMI (P= 4.62 × 10− 13). The
BMI-GRS distribution and its association with BMI are described in
Figure 2. The BMI-GRS also associated with WC, WHR and body fat
percentage (P range from 6.65 × 10− 13 to 8.17 × 10− 6).

In MR analysis, we identified that each one of s.d. (3.35 kg m− 2)
genetic-elevated BMI increased insulin resistance, as assessed with
the HOMA-IR (β= 0.379, s.e. = 0.150; P= 0.011), Stumvoll first-phase
insulin secretion (β= 0.518, s.e. = 0.159; P= 0.001) and higher
Stumvoll second-phase insulin secretion (β= 0.475, s.e. = 0.155;
P= 0.002). In other words, a genetically determined 1 s.d.
(3.35 kg m− 2) higher BMI caused a unit of 1.02 higher HOMA-IR,
178.18 pmol l− 1 higher Stumvoll first-phase and 35.52 pmol l− 1

higher Stumvoll second-phase insulin secretion (P range from
0.001 to 0.011). However, most of the associations mentioned
above disappeared after adjusting for WC and WHR, except for the
Stumvoll first-phase and Stumvoll second-phase insulin secretion

Table 1. Characteristics of the subjects

Overall Male Female

N 2884 1322 1562
Age (years) 52.08±6.93 52.12± 6.94 52.04± 6.93
BMI (kg m− 2)* 24.42± 3.35 24.86± 3.18 24.04± 3.45
WC (cm)* 86.00 (80.00, 93.00) 88.50 (83.00, 95.00) 83.90 (77.50, 90.50)
WHR* 0.91 (0.87, 0.96) 0.93 (0.90, 0.96) 0.89 (0.86, 0.94)
Body fat percentage (%)* 18.10 (14.50, 22.40) 17.80 (13.90, 21.60) 18.60 (14.90, 23.20)
Fasting glucose (mmol l− 1)* 5.22 (4.79, 5.80) 5.33 (4.87, 6.00) 5.17 (4.72, 5.60)
30-min glucose (mmol l− 1)* 8.70 (7.11, 10.66) 9.36 (7.68, 11.48) 8.20 (6.81, 9.95)
2-h glucose (mmol l− 1) 6.00 (4.88, 7.62) 6.00 (4.68, 8.10) 6.00 (4.95, 7.40)
Fasting insulin (mU l− 1) 9.39 (6.97, 12.61) 9.35 (6.87, 12.57) 9.42 (7.12, 12.63)
30-min insulin (mU l− 1) 41.18 (26.79, 61.84) 40.44 (24.62, 62.10) 41.76 (28.88, 61.65)
2-h insulin (mU l− 1)* 31.88 (20.01, 49.30) 28.68 (16.85, 46.83) 34.66 (22.61, 51.59)
Gauc* 14.60 (12.33, 17.35) 15.24 (12.92, 18.4 0) 14.11 (11.90, 16.56)
Iauc* 70.30 (48.84, 100.38) 67.30 (45.64, 98.52) 72.04 (52.39, 101.13)
Insulinogenic index (mU l mmol− 1)* 9.81 (5.21, 17.49) 8.15 (4.11, 15.37) 11.08 (6.16, 19.19)
HOMA-B* 111.45 (75.38, 159.19) 102.24 (67.25, 152.92) 119.03 (82.46, 165.08)
HOMA-IR* 2.23 (1.60, 3.16) 2.30 (1.61, 3.26) 2.17 (1.59, 3.03)
Stumvoll first-phase insulin secretion (pmol l− 1)* 935.65 (647.01, 1254.23) 864.29 (556.61, 1217.32) 984.79 (722.75, 1273.30)
Stumvol second-phase insulin secretion (pmol l− 1)* 253.52 (189.64, 323.2) 236.19 (169.26, 317.26) 264.10 (206.69, 327.99)
Gutt index 82.91 (63.16, 107.12) 83.43 (60.65, 111.94) 82.50 (64.68, 102.84)

Abbreviations: BMI, body mass index; Gauc, areas under the curve of glucose; HOMA-B, homeostasis model assessment of β-cell function; HOMA-IR,
homeostasis model assessment of insulin resistance; Iauc, areas under the curve of insulin; WHR, waist-to-hip ratio; WC, waist circumference. *Significants
difference between males and females. Data are shown as mean± s.d. or median (interquartile range).

Table 2. Causal estimates from Mendelian randomization analysis between BMI of insulin secretion and sensitivity

βGRS− Traits s.e. P βe
(Obestiy− Traits)

s.e. P βo
(Obesity− Traits)

s.e. P P for
difference

Model 1
HOMA-IR 0.013 0.005 0.007 0.379 0.15 0.011 0.233 0.018 4.23× 10−36 0.334
HOMA-B 0.001 0.005 0.799 0.036 0.146 0.806 0.025 0.019 0.1936 0.94
Stumvoll first-phase insulin
secretion

0.018 0.005 3.00× 10−4 0.518 0.159 0.001 0.182 0.019 9.96× 10−22 0.036

Stumvoll second-phase insulin
secretion

0.017 0.005 7.00× 10−4 0.475 0.155 0.002 0.199 0.018 1.41× 10−26 0.48

Gutt index − 0.007 0.005 0.183 − 0.186 0.142 0.19 − 0.287 0.018 3.38× 10−55 0.48

Model 2
HOMA-IR 0.006 0.005 0.191 0.183 0.142 0.198 0.235 0.033 2.24× 10−12 0.721
HOMA-B 0.0005 0.005 0.929 0.013 0.143 0.929 0.051 0.034 0.136 0.796
Stumvoll first-phase insulin
secretion

0.013 0.005 0.013 0.354 0.151 0.019 0.169 0.034 7.12×10−7 0.232

Stumvoll second-phase insulin
secretion

0.011 0.005 0.031 0.302 0.146 0.039 0.202 0.033 1.64×10−9 0.504

Gutt index 0.003 0.005 0.598 0.072 0.137 0.599 − 0.304 0.032 1.08× 10−20 0.008

Abbreviations: BMI, body mass index; HOMA-B, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin
resistance. Model 1: adjusting for age and sex; Model 2: adjusting for age, sex, waist circumference and waist-to-hip ratio. P values o0.05 were shown in bold.
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(P= 0.013 and 0.031, respectively). When comparing the obser-
ved association of BMI with the significant glycaemic-related
traits and the estimated causal association (βo(BMI− Trait) versus
βe(Obesity − Trait)), we found no substantial heterogeneity (P for
difference > 0.05) except for the relationship between BMI and
Stumvoll first-phase insulin secretion. The causal estimate of the
relationship between BMI and increased Stumvoll first-phase
insulin secretion analysis was larger than the observed association
(0.518 versus 0.182, P for difference = 0.036). However, we did not
retest the difference after adjusting for central obesity in MR
analysis (Table 2).

WHR and glycaemic-related traits: the MR analysis
We first validated that the WHR-GRS was associated with 0.039 s.d.
higher WHR (equivalents to the change of 0.002 in WHR) per point
score after adjusting for age, sex and BMI (P= 1.00 × 10− 7). The
WHR-GRS distribution and its association with WHR are described

in Figure 3. In addition, an elevated WHR-GRS showed a tendency
to increased BMI (P= 0.084).
In MR analysis, we identified each one of s.d. (equivalents to the

change of 0.002 in WHR) genetic-elevated WHR increased insulin
resistant as represented by the HOMA-IR (β= 0.452, s.e. = 0.228;
P= 0.048) and reduced insulin sensitivity as represented by the
Gutt index (β=− 0.499, s.e. = 0.228; P= 0.028). Namely, a geneti-
cally determined one s.d. higher WHR (equivalents to the change
of 0.002 in WHR) caused a unit of 1.21 higher HOMA-IR and a unit
of 18.40 lower the Gutt index. Regarding β-cell function, we
observed that each additional WHR-increasing allele in the GRS
was associated with higher Stumvoll first-phase insulin secretion
(P= 0.041) but did not retest the substantial causality between
WHR and Stumvoll first-phase insulin secretion. No heterogeneity
was apparent between βo(GRS− Trait) and βe(GRS− Trait) in MR analysis
for WHR and glycaemic-related traits (P for difference > 0.05). We
did not demonstrate any causal relationship between WHR and
glycaemic-related traits without adjustment of BMI (Table 3).

Table 3. Causal estimates from Mendelian randomization analysis between WHR of insulin secretion and sensitivity

βGRS− Traits s.e. P βe(Obestiy− Traits) s.e. P βo(Obesity− Traits) s.e. P P for
difference

Model 1
HOMA-IR 0.013 0.009 0.13 0.42 0.299 0.16 0.139 0.02 1.68×10−12 0.348
HOMA-B − 0.011 0.009 0.188 − 0.367 0.295 0.214 0.044 0.02 0.027 0.165
Stumvoll first-phase insulin
secretion

0.013 0.009 0.137 0.42 0.303 0.167 0.132 0.02 4.62×10−11 0.343

Stumvoll second-phase insulin
secretion

0.011 0.009 0.201 0.356 0.294 0.226 0.126 0.02 1.60×10−10 0.435

Gutt index − 0.014 0.008 0.106 − 0.448 0.301 0.137 − 0.204 0.019 8.94×10−26 0.419

Model 2
HOMA-IR 0.018 0.008 0.033 0.452 0.228 0.048 0.046 0.021 0.032 0.076
HOMA-B − 0.011 0.009 0.208 − 0.275 0.224 0.22 0.04 0.021 0.068 0.161
Stumvoll first-phase insulin
secretion

0.017 0.009 0.041 0.444 0.233 0.057 0.062 0.022 0.004 0.103

Stumvoll second-phase insulin
secretion

0.015 0.008 0.066 0.393 0.226 0.082 0.047 0.021 0.028 0.127

Gutt index − 0.02 0.008 0.016 − 0.499 0.228 0.028 − 0.096 0.021 3.15× 10−6 0.078

Abbreviations: HOMA-B, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; WHR, waist-to-hip
ratio. Model 1:adjusting for age and sex; Model 2: adjusting for age, sex and body mass index. P values o0.05 were shown in bold.

Figure 2. BMI-GRS distribution and its association with BMI in the
Chinese Han populations. The histograms represent the number of
subjects and the mean (± s.e.) BMI are plotted with the trend lines
across the GRS.

Figure 3. WHR-GRS distribution and its association with WHR in the
Chinese Han populations. The histograms represent the number of
subjects and the mean (± s.e.) WHR are plotted with the trend lines
across the GRS.
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Sensitivity analysis
In a sensitivity analysis, similar associations were observed for the
unweighted BMI-GRS (shown in Supplementary Tables S3–S5). We
found that the effects of BMI-GRS and WHR-GRS on glucose and
insulin metabolism were unaltered when GRS was modelled as the
variable categorized into quartiles. Similar results were observed
when excluding all subjects with missing genotypes (data not
shown).

DISCUSSION
We first explored the causal role of overall and central obesity in
the pathogenesis of T2D by using a MR method with BMI-GRS and
WHR-GRS as instrument variables in a community-based Han
Chinese population comprising middle-aged adults. Our study,
which first combined 13 WHR variants replicated among East
Asian populations, pointed out the causal effects of overall obesity
(represented by BMI) on insulin secretion but the causal link
between central obesity (represented by WHR) and adverse insulin
sensitivity.
Overall and central obesity were each independently associated

with T2D incidence. However, there are few studies that directly
addressed the difference in insulin sensitivity and insulin secretion
among the two types of obesity. The recent increasing evidence
has illustrated that excess visceral fat, termed with central obesity,
could strongly worsen insulin sensitivity, which was consistent
with the causal effects of central obesity on adverse insulin
sensitivity. The ectopic fat storage, as the limited ability of fat to
expand, could result in a spillover of lipid delivery to non-adipose
tissue preceding insulin resistance and diabetes.16–18

In contrast, the response of β-cell function in obesity has mixed
findings. The majority of obesity subjects often had higher insulin
levels than lean subjects, which is known as compensatory insulin
secretion in the presence of insulin resistance.19 Dietary restriction
can significantly improve β-cell function in subjects with obesity
and T2D.17 Yet several other studies observed the similarly
impaired β-cell function between obesity and lean subjects with
the same degree of glucose intolerance20 and found an
association of the BMI-GRS with reduced β-cell function in non-
diabetic subjects.21 The opposite findings were probably
explained by the different methods of measuring β-cell function
and glucose intolerance status of subjects. Thus establishing
causality from observational studies is difficult. Our study first
applied the framework of MR analysis to illustrate the difference in
insulin secretion among two types of obesity, strongly indicating
the enhanced β-cell function in overall obesity. Better under-
standing of the dynamic change in β-cell function followed by
obesity needs to be investigated in longitudinal and experimental
studies.
Now that T2D and obesity are interplayed with each other, an

unanswered question is whether glucose metabolism has the
causal role in obesity. Similar MR analyses were also performed
when using T2D-GRS as instrumental variables on the basis of 27
replicated T2D-related loci among 2060 subjects (as shown in
Supplementary Figure S1).22 We found that the T2D risk was
positively associated with BMI in conventional analyses
(Po0.001). Specifically, T2D subjects had higher BMI compared
with control subjects. In MR analyses, however, T2D susceptibility
showed a trend to decreased BMI (P = 0.092). Even though our
results did not support the hypothesis that glucose homeostasis
may have a causative effect on obesity, we could not completely
exclude the potential modifying role in obesity and found the
opposite associations in two approaches. In support of our
findings, some other researchers also have claimed an inverse
associations of T2D-GRS and BMI,23,24 reflecting biological path-
ways linking T2D and obesity. Moreover, observational analysis
displayed the positive associations of T2D risk with obesity, which

might be explained by other environmental confounding factors
or reverse causality. Further large-scale prospective cohort and
multi-ethnicity MR studies are warranted to elucidate the interplay
between glucose metabolism and obesity.
Our study has several limitations. First, adjustments for multiple

comparison tests were not performed because SNPs were selected
on the basis of an a priori hypothesis and the traits analysed were
highly related. Second, owing to the the differences in linkage
disequilibrium patterns, the generalizability of our GRS in other
ethnic groups merits further investigation. Moreover, our finding
needs to be replicated in other MR analyses and large-scale
prospective cohort.

CONCLUSIONS
In brief, we demonstrate that the causal role of obesity in the
pathogenesis of T2D varied between overall and central obesity in
Han Chinese populations. Our results suggests that overall
obesity could lead to compensatory insulin secretion while central
obesity resulted in worse insulin sensitivity. Those individuals in
which the decrease in insulin sensitivity is not off set by increased
insulin secretion owing to limited β-cell function will suffer from
diabetes.
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