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ABSTRACT

Introduction We aimed to evaluate the joint associations
of metabolically healthy abdominal obesity (MHAQ) with
non-alcoholic fatty liver disease (NAFLD) on risks of
diabetes and prediabetes.

Research design and methods Baseline information

of 1318 adults with abdominal obesity (waist
circumference >90 cm for men and 80 cm for women) from
an ongoing cohort study in Xiamen, China were analyzed.
Metabolic health was identified as none of the criteria of
metabolism syndrome, except for obesity, was met.
Results MHAO and metabolically unhealthy abdominal
obesity (MUAQ) were identified on 173 (13.1%) and

1145 (86.9%) subjects. NAFLD was further diagnosed on
60 (34.7%) in MHAQ and 721 (63.0%) in MUAO groups
(p<0.001). Both MUAO (vs MHAQ) and NAFLD (vs non-
NAFLD) were independently associated with increased
risks of diabetes as well as prediabetes plus diabetes, with
the adjusted ORs (95% Cls) of 9.40 (3.38 to 26.14) and
2.02 (1.47 to 2.77), respectively. Compared with MHAO
and non-NAFLD, MHAO and NAFLD showed significantly
increased risks of prediabetes plus diabetes with the
adjusted ORs (95% Cls) of 2.87 (1.32 to 6.27, p=0.008).
And there were significantly positive trends between
increasing categories jointly by MHAO and NAFLD (from
MHAO and non-NAFLD, MHAO and NAFLD, MUAO and non-
NAFLD to MUAO and NAFLD) with risks of diabetes and
prediabetes plus diabetes (both trend tests: p<0.001).
Conclusions About 35% of subjects with MHAQ
accompanied by NAFLD showed excessive risk of
prediabetes plus diabetes compared with MHAO and non-
NAFLD. Thus, NAFLD should be screened and intervened
even for those subjects with metabolically healthy obesity
(MHO) and should be considered as one additional criterion
when defining and diagnosing MHO.

INTRODUCTION

The global prevalence of diabetes has quadru-
pled during the past three decades, which
results in a heavy public health burden world-
wide."! The International Diabetes Federation
estimated around 10.2% and 10.9% adults
worldwide will have diabetes in 2030 and

,® Shungin Wang,® Zhibin Li @ *

Significance of this study

What is already known about this subject?

» lIdeas, definitions and diagnosis criteria of meta-
bolically healthy obesity (MHO) are in debating, and
non-alcoholic fatty liver disease (NAFLD) has not
been considered in current definition and diagnosis
criteria of MHO.

What are the new findings?

» About 35% of subjects with metabolically healthy
abdominal obesity (MHAQ) who were further diag-
nosed with NAFLD had increased risk of prediabetes
plus diabetes compared with those with MHAO and
non-NAFLD.

» Both metabolically unhealthy abdominal obesity
(MUAO) (vs MHAO) and NAFLD (vs non-NAFLD) were
independently associated with increased risks of di-
abetes as well as prediabetes plus diabetes.

» There were significantly positive trends between
increasing categories jointly by MUAO and NAFLD
(from MHAQO and non-NAFLD, MHAO and NAFLD,
MUAO and non-NAFLD to MUAO and NAFLD) with
risks of diabetes and prediabetes plus diabetes.

How might these results change the focus of

research or clinical practice?

» NAFLD should be screened and intervened for sub-
jects with MHO and should be considered as one
additional criterion when defining and diagnosing
MHO.

2045, respectively.” China has been experi-
encing one of the rapidest growths of diabetes
incidence during the past 30 years. According
to a nationally representative data from 2015
to 2017 in mainland China, the weighted
prevalence rates of total diabetes were 12.8%
(95% CI 12.0% to 13.6%) and 11.2% (95%
CI 10.5% to 11.9%) based on the Amer-
ican Diabetes Association (ADA) and WHO
criteria, respectively.” Obesity represents
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another severe global public health problem due to
its explosively rapid increase in prevalence and conse-
quences on dramatically increased morality from non-
communicable diseases, such as cardiovascular diseases,
type 2 diabetes and certain types of cancer.*® Studies
have documented that there is a subgroup of individuals
with obesity who are devoid of obesity-related metabolic
complications, such as diabetes and atherosclerosis,
which arises the concept of metabolically healthy obesity
(MHO) since 1950.”1 Since there is no consensus avail-
able on gold standard criteria for MHO, evidence on the
association of MHO and diabetes is limited and contro-
versial.'" Some meta-analyses demonstrated that MHO
was associated with a significantly lower incidence of type
2 diabetes compared with metabolically unhealthy obese
(MUO) and a substantially increased risk of developing
type 2 diabetes compared with metabolically healthy
normal weight."?

Obesity is a condition characterized by the excessive
accumulation and storage of fat in human body, mainly in
limbs, viscera and liver. Body mass index (BMI) and waist
circumference (WC) are widely used as indices of general
and abdominal obesity, respectively; meanwhile exces-
sive fat accumulation in liver has not been considered
when defining obesity. Non-alcoholic fatty liver disease
(NAFLD) typically comprises a spectrum of patholog-
ical conditions including simple steatosis, non-alcoholic
steatohepatisis and cirrhosis due to significant fat accu-
mulation in the liver.”” NAFLD is a kind of chronic liver
disease and contributes to extrahepatic diseases, such as
type 2 diabetes and cardiovascular disease."” '* NAFLD
has been consistently shown to be associated with meta-
bolic/insulin resistance (IR) syndrome and should be
included in the definition of metabolic syndrome, which
may therefore predict diabetes.'” '® Although NAFLD
itself has been shown to predict the transition from MHO
to MUO,17 NAFLD is seldom considered as one criterion
when defining and diagnosing MHO, and little evidence
on prevalence of NAFLD in those with MHO is available.
Moreover, there is no evidence currently available about
the integrated effects of NAFLD with MHO on risks of
diabetes and prediabetes. Therefore, in the present study
with 1318 community-living Chinese adults with abdom-
inal obesity, we aimed to evaluate the independent
associations of metabolically healthy abdominal obesity
(MHAO) and NAFLD separately and jointly on risks of
diabetes and prediabetes plus diabetes.

RESEARCH DESIGN AND METHODS

Study design and subjects

Details on study design and subjects recruitment have
been described previously.'® ' Briefly, 1528 community-
living healthy adults aged 40 years or older with abdom-
inal obesity (WC >90 cm for men and 80 cm for women)
living in Lianqian community, Xiamen, China were
recruited as baseline of the cohort study in 2011. Of
them, 205 had incomplete data on clinical, biochemical

or hepatic ultrasonography scanning measurements;
then 1318 (86.5%) subjects with the complete data were
left for the present analysis.

Measurements

Details on methods of subject sampling and evaluation,
including face-to-face interviews and clinical characteris-
tics measurements, have been described previously.'® '
Blood samples were obtained after 12-hour fasting and
tested in the central laboratory of the First Affiliated
Hospital, Xiamen University. Plasmaglucose, liver enzymes
and serum lipid profiles, including triglyceride (TG),
total cholesterol (TC) and high-density lipoprotein-
cholesterol (HDL-C) were determined on a HITACHI
7450 analyzer (HITACHI, Tokyo, Japan). Homeostasis
model assessment-insulin resistance (HOMA-IR) was
calculated using the formula: fasting serum insulin
(mU/L)xfasting plasma glucose (FPG) (mmol/L)/22.5.
And IR was defined as HOMA-IR >2.6x10™° molxIU/
L.2.*° Hepatic ultrasonography scanning and diagnosis of
hepatic steatosis have been described previously'® ' and
followed the guidelines for the diagnosis and treatment
of NAFLDs in China (Chinese National Consensus Work-
shop on NAFLD).*!

Hepatic steatosis indices

Fatty liver index (FLI) is a non-invasive method of assessing
hepatic steatosis and is calculated based on laboratory and
anthropometric measures, including TG, gamma-glutamyl
transpeptidase (GGT), BMI and WC. The FLI was calculated

by the fOHOWing fonnula' FLI= (60.953><ln (TG)+0.139xBMI+0.718xIn
(GGT)+04053><V\7C715.745) / (1+60.953><ln (TG/0.0113)+0.139xBMI+0.718xIn (GGT)

+0‘053XWC*15L745)><100.22 Hepatic steatosis index (HSI)=8xala-

nine aminotransferase/aspartate transaminase+BMI (+2, if
diabetes mellitus; +2, if female) 2

Definition of metabolically healthy abdominal obesity
Abdominal obesity was defined as WC 290 cm for men
and 80 cm for women.** All subjects in the present study
had abdominal obesity which was considered as one of
the recruitment criteria. Subjects were diagnosed as being
metabolically healthy if none of the following criteria was
met: (1) systolic blood pressure (BP) =130or diastolic
BP >285mm Hg; (2) FPG 2100mg/dL (5.6 mmol/L); (3)
TG 2150mg/dL (1.7mmol/L); (4) HDL-C <40mg/dL
(1.03mmol/L) in men and <50mg/dL (1.30mmol/L)
in women.” ** Otherwise, subjects were defined as being
metabolically unhealthy if one or more of the above
criteria was met. Therefore, all subjects in the present
study were dichotomized as either MHAO or metaboli-
cally unhealthy abdominal obesity (MUAO).

Definitions of diabetes and prediabetes

According to ADA 2020 criteria, diabetes was defined
as (1) a self-reported history of diabetes previously diag-
nosed by healthcare professionals; (2) FGP >126 mg/
dL (7.0mmol/L); (3) 2-hour plasma glucose (2-h
PG, oral glucose tolerance test (OGTT)) >200mg/dL
(11.1mmol/L) or (4) hemoglobin Alc (HbAlc) 26.5%.
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Prediabetes were defined as (1) FPG levels between 100
mg/dL (5.6mmol/L) and 125 mg/dL (6.9mmol/L), (2)
2-h PG levels between 140 mg/dL (7.8 mmol/L) and 199
mg/dL (11.0mmol/L) or (3) HbAlc between 5.7% and
6.4% in participants without a prior diabetes diagnosis.?’

Statistical analyses
Data were presented as the mean=SD for continuous vari-
ables or number and percentage for categorical variables.
Skewness and kurtosis tests for continuous variables were
conducted and found them followed approximation of
normal distributions. Differences between subjects cate-
gorized by MHAO and NAFLD were analyzed using one-
way analysis of variance for continuous variables and
test for categorical variables. Bar graphs showing preva-
lence rates of diabetes, prediabetes and normal glucose
test were made across abdominal obesity and NAFLD
(MHAO and non-NAFLD, MHAO and NAFLD, MUAO
and non-NAFLD, MUAO and NAFLD, respectively).
Multivariable logistic regression models were used to
calculate the adjusted ORs and 95% Cls of abdominal
obesity (MUAO vs MHAO) and NAFLD (yes vs no) sepa-
rately and jointly in different models with adjustment
for potential confounders for diabetes and prediabetes
plus diabetes, separately. In model 1, age and sex were
adjusted for; in model 2, educational level, smoking
and drinking habits and regular physical exercise plus
model 1 were adjusted for; in model 3, BMI, systolic and
diastolic BP, TG, TC, HDL-C and low-density lipoprotein-
cholesterol (LDL-C) and serum uric acid plus model 2
were adjusted for. Additonally, hepatic steatosis indices
(FLI and HIS) were analyzed separately in the same
models as above. All p values were two-sided and p value
<0.05 was considered statistically significant. All statistical
analyses were performed using Stata V.14.0 (StataCorp,
College Station, Texas, USA).

RESULTS

Demographic and clinical characteristics stratified jointly by
MHAO and NAFLD

Among the 1318 subjects with abdominal obesity, 924
(70.1%) were women and 394 (29.9%) were men. The
means (£SD) for women and men were 92.1 (£6.8) and
97.0 (£6.3) cm (p<0.001) for WC and were 53.4 (+6.8)
and 53.3 (+7.3) years for age (p=0.808), respectively. Of
them, 173 (13.1%) and 1145 (86.9%) were identified as
MHAO and MUAO, respectively. NAFLD were further
diagnosed for 60 (34.7%) in those with MHAO and 721
(63.0%) in those with MUAO (p<0.001).

Differences of demographics, lifestyle habits and
clinical characteristics stratified jointly by MHAO and
NAFLD are shown in table 1. Generally, with increasing
categories jointly by MHAO and NAFLD (from MHAO
and non-NAFLD, MHAO and NAFLD, MUAO and non-
NAFLD to MUAO and NAFLD), subjects were more
likely to be male, older and had higher levels of indices
of obesity (BMI, WC), systolic and diastolic BP, TG, TC,

FPG, 2-h PG, HbAlc, fasting insulin, HOMA-IR, serum
uric acid, hepatic steatosis indices (FLI and HIS), preva-
lence of IR and significantly lower level of education and
HDL-C.

Prevalence rates of diabetes and prediabetes stratified jointly
by MHAO and NAFLD

Diabetes and prediabetes were identified on 345 (26.2%)
and 803 (60.9%) subjects, respectively. Stratified jointly
by MHAO and NAFLD, the prevalence rates of diabetes
were 0.9%, 5.0%, 18.2% and 36.6% for those with MHAO
and non-NAFLD, MHAO and NAFLD, MUAO and non-
NAFLD to MUAO and NAFLD, respectively (trend test:
p<0.001); and the prevalence rates of prediabetes plus
diabetes were 54.9%, 80.0%, 86.3% and 93.2%, respec-
tively (trend test: p<0.001) (table 1 and figure 1).

Joint associations of MHAO and NAFLD with diabetes

Table 2 shows the adjusted ORs with associated 95% CIs
of MHAO and NAFLD separately and jointly for diabetes
by using the multivariable logistic regression analyses
with adjustment for potential confounding factors in
different models. In model 1, both MUAO (vs MHAO)
and NAFLD (yes vs no) showed significantly increased
risk of diabetes, and the adjusted ORs (95% CIs) were
15.90 (5.84 to 43.31, p<0.001) and 2.95 (2.21 to 3.92,
p<0.001), respectively. Increasing categories jointly by
MHAO and NAFLD (from MHAO and non-NAFLD,
MHAO and NAFLD, MUAO and non-NAFLD to MUAO
and NAFLD) showed a significantly positive trend of
increased risk of diabetes (trend test: p<0.001). With
the category of MHAO and non-NAFLD as the refer-
ence, those with MUAO and non-NAFLD and MUAO
and NAFLD both showed significantly increased risks of
diabetes with the adjusted ORs (95% CIs) of 22.34 (3.07
to 162.70) and 57.49 (7.97 to 414.93) (both p values
<0.001), but those with MHAO and NAFLD did not show
significantly increased risk of diabetes (OR (95% CI)
5.68 (0.58 to 55.96), p=0.136). In model 2 and model 3
with further adjustment for other potential confounding
factors (educational level, ever smoking, ever drinking,
regular physical exercise habits and BMI, systolic and
diastolic BP, TG, HDL-C and LDL-C and serum uric acid,
respectively), all the results were quite similar to those
in model 1 and did not change much. For all subjects,
hepatic steatosis indices, both FLI and HIS, were signifi-
cantly associated with risk of diabetes with adjusted ORs
(95% CIs) of 1.02 (1.01 to 1.03) and 1.22 (1.18 to 1.27),
respectively (both p values <0.001, model 3). Stratified
analyses showed that, for both MHAO and subjects with
MUAO, higher FLI and HIS were significantly associated
with increased risk of diabetes (model 3).

Joint associations of MHAO and NAFLD with prediabetes plus

diabetes

Table 2 shows both MUAO and NAFLD, compared with
MHAO and non-NAFLD, were significantly associated
with increased risks of prediabetes plus diabetes in model

BMJ Open Diab Res Care 2021;9:002362. doi:10.1136/bmjdrc-2021-002362
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Table 1 Demographic, lifestyle and clinical characteristics of 1318 subjects stratified by MHAO and NAFLD

MHAO (n=173, 13.1%) MUAO (n=1145, 86.9%)

Variables Non-NAFLD NAFLD Non-NAFLD NAFLD P value

Demographics
N (%) 113 (8.6%) 60 (4.5%) 424 (32.2%) 721 (54.7%)

Sex <0.001t
Female (n, %) 94 (83.2%) 46 (76.7%) 332 (78.3%) 452 (62.7%)
Male (n, %) 19 (16.8%) 14 (23.3%) 92 (21.7%) 269 (37.3%)

Age (years) 50.416.7 51.5+6.6 53.316.9 54.1+7.0 <0.001t

Education categories, (n, %) 0.024*
Illiteracy 19 (16.8%) 12 (20.0%) 144 (34.0%) 196 (27.2%)
Elementary school 40 (35.4%) 18 (30.0%) 125 (29.5%) 206 (28.6%)
Middle school 25 (22.1%) 15 (25.0%) 90 (21.2%) 170 (23.6%)
High school or above 19 (16.8%) 8 (13.3%) 42 (9.9%) 102 (14.1%)
College 10 (8.9%) 7 (11.7%) 23 (5.4%) 47 (6.5%)

Lifestyle
Ever smoking (n, %) 24 (21.2%) 10 (16.7%) 82 (19.3%) 224 (31.1%) <0.001t
Ever drinking (n, %) 16 (14.2%) 7 (11.7%) 52 (12.3%) 126 (17.5%) 0.094
Regular physical exercise (n, %) 39 (34.5%) 19 (31.7%) 149 (35.1%) 225 (31.2%) 0.558

Clinical characteristics
BMI (kg/m?) 26.2+2.1 27.4+3.4 26.3+2.5 28.3+3.1 <0.001t
Waist circumference (cm) 90.5+5.6 92.4+6.7 90.9+5.6 95.7+7.3 <0.001t
Body fat rate (%) 34.6+5.7 35.5+7.0 34.3+6.1 35.1+7.3 0.169
Systolic blood pressure (mm Hg) 117.2+7.9 117171 132.8+17.3 138.0+16.7 <0.0011
Diastolic blood pressure (mm Hg) 70.7+6.8 71.5+5.7 78.6+10.4 82.2+10.4 <0.001t
Triglyceride (mmol/L) 0.96+0.34 1.15+0.30 1.53+1.08 2.26+1.38 <0.0011
Total cholesterol (mmol/L) 5.62+0.87 5.70+0.79 5.77+1.11 6.00+1.13 <0.001t
HDL-cholesterol (mmol/L) 1.60+0.27 1.55+0.31 1.43+0.31 1.29+0.26 <0.001t
LDL-cholesterol (mmol/L) 3.58+0.77 3.63+0.70 3.64+1.00 3.69+1.07 0.634
Fasting plasma glucose (mmol/L) 5.21+0.25 5.18+0.27 5.96+1.13 6.49+2.06 <0.001t
2-h PG (OGTT, mmol/L) 6.55+1.28 7.29+1.42 8.15+3.13 10.09+4.53 <0.001t
HbA1c (%) 5.75+0.31 5.84+0.28 6.00+0.69 6.43+1.23 <0.001t
Fasting insulin (mIU/L) 8.7+3.5 10.7+5.3 10.6+5.9 14.6+7.4 <0.001t1
HOMA-IR (x107° molxIU/L?) 2.02+0.86 2.45+1.21 2.89+2.60 4.23+2.66 <0.001t
IR (n, %) 19 (16.8%) 22 (36.7%) 204 (48.1%) 536 (74.3%) <0.001t
Blood uric acid (umol/L) 310.7+84.8 343.8+76.4 337.3+84.1 385.3+94.6 <0.001t
AST (U/L) 22.0+5.4 23.5+6.4 24.2+7.7 24.0+9.4 0.683
ALT (U/L) 21.0+10.7 26.4+15.1 25.7+19.3 28.8+19.0 0.064
GGT (U/L) 29.3+26.4 27.9+14.3 29.2+22.6 42.3+29.2 <0.001t
FLI 31.6+15.6 42.1+19.7 40.4+19.1 64.1£19.9 <0.001t
HSI 35.3+3.4 37.7+4.9 35.9+3.5 39.6+4.7 <0.001t
Diabetes (n, %) 1(0.9%) 3 (56.0%) 77 (18.2%) 264 (36.6%) <0.001t
Prediabetes (n, %) 61 (54.0%) 45 (75.0%) 289 (68.2%) 408 (56.6) <0.001t
Prediabetes plus diabetes (n, %) 62 (54.9%) 48 (80.0%) 366 (86.3%) 672 (93.2%) <0.001t

All percentages are column percentage; except for percentages, all values are mean+SD.

*P<0.05.

1P<0.001.

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; FLI, fatty liver index; GGT, gamma-glutamyl transpeptidase; HbA1c,
hemoglobin Alc; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; 2-h PG, 2-hour plasma glucose; HSI, hepatic steatosis
index; IR, insulin resistance; LDL, low-density lipoprotein-cholesterol; MHAO, metabolically healthy abdominal obesity; MUAO, metabolically
unhealthy abdominal obesity; NAFLD, non-alcoholic fatty liver disease; OGTT, oral glucose tolerance test.
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Figure 1 Prevalence rates (%) of prediabetes and diabetes

stratified by MHAO and NAFLD. MHAO, metabolically
healthy abdominal obesity; MUAO, metabolically unhealthy
abdominal obesity; NAFLD, non-alcoholic fatty liver disease;
NGT, normal glucose test.

1, and the adjusted ORs (95% CIs) were 4.81 (3.28 to
7.07, p<0.001) and 2.93 (2.06 to 4.16, p<0.001), respec-
tively. Compared with those MHAO and non-NAFLD,
those with MHAO and NAFLD, MUAO and non-NAFLD,
MUAO and NAFLD all showed significantly increased
risks of prediabetes plus diabetes, and the adjusted ORs
(95% ClIs) were 3.30 (1.55 to 7.02, p=0.002), 4.59 (2.85 to
7.40, p<0.001) and 10.14 (6.17 to 16.66, p<0.001), respec-
tively. And there was a significantly positive trend between
increasing categories jointly by MHAO with NAFLD
(from MHAO and non-NAFLD, MHAO and NAFLD,
MUAO and non-NAFLD to MUAO and NAFLD) and
risk of prediabetes plus diabetes (trend test: p<0.001).
Further adjustment for other potential confounding
factors in model 2 and model 3 did not change the results
much. For all subjects, both FLI and HIS were signifi-
cantly associated with risk of prediabetes plus diabetes
with adjusted ORs (95% ClIs) of 1.02 (1.01 to 1.03) and
1.10 (1.05 to 1.15), respectively (both p values <0.05,
model 3). Stratified analyses showed that higher FLI and
HIS were significantly associated with increased risk of
prediabetes plus diabetes for subjects with MUAO only,
but not for those with MHAO (model 3).

To explore if there were sexual differences on the asso-
ciaitions of NAFLD and MHAO with diabetes or predia-
betes plus diabetes, interaction tests of sex with NAFLD
or MHAO on diabetes and prediabetes plus diabetes were
conducted further in model 3. But all the interaction
tests were not statistically significant (data not shown).
Similarly, all the interaction tests among age group (if
older than 50 years) with NAFLD or MHAO on diabetes
or prediabetes plus diabetes were not statistically signifi-
cant (data not shown).

DISCUSSION

The present study found that around 13% of the 1318
community-living Chinese adults with abdominal obesity
were identified as MHAQO, and around 35% of these

MHAO were further diagnosed with NAFLD. The prev-
alence rates of diabetes were 0.9%, 5.0%, 18.2% and
36.6% for those with MHAO and non-NAFLD, MHAO
and NAFLD, MUAO and non-NAFLD and MUAO and
NAFLD, respectively. And the corresponding numbers
of prediabetes plus diabetes were 54.9%, 80.0%, 86.3%
and 93.2% accordingly. Multivariable logistic regression
analyses with adjustment for potential confounding
factors showed that both MUAO and NAFLD were signifi-
cantly associated with increased risks of diabetes as well
as prediabetes plus diabetes. Furthermore, compared
with MHAO and non-NAFLD, MHAO and NAFLD also
showed significantly increased risk for prediabetes plus
diabetes. Additionally, there were significantly positive
trends between increasing categories jointly by MHAO
and NAFLD (from MHAO and non-NAFLD, MHAO and
NAFLD, MUAO and non-NAFLD to MUAO and NAFLD)
with risks of diabetes and prediabetes plus diabetes.
Obesity has been becoming a public health problem
affecting around 20% of the general populations
worldwide and its consequence, such as the associated
increasing incidence of type 2 diabetes mellitus (T2DM),
cardiovascular disease, chronic kidney disease and some
kinds of cancers, has been well documented.?®?° In the
past decade, studies have identified a subgroup of obese
populations named ‘MHO’ who are devoid of multiple
metabolic risk factors, such as impaired glucose regu-
lation, dyslipidemia and hypertension. However, there
are still quite a few concerns on MHO which should be
clarified, such as its definition, diagnosis criteria as well
as its long-term stability.”** Whether MHO represents a
benign condition and its risk on diabetes remains poorly
understood and available evidence are still controver-
sial.** ™ Based on the Whitehall IT cohort study with 7122
participants and a median follow-up period of 17.4 years,
Hinnouho et al found that 279 (3.9%) were identified
as MHO and that MHO showed a significant increased
risk of T2DM incidence (HR=3.25, 95% CI 2.32 to 4.54)
compared with metabolically healthy normal weight as
well as a significant decreased risk compared with meta-
bolically unhealthy obesity (MUO) (HR=1.98 (MUO
vs MHO), 95% CI 1.39 to 2.83).”> A population-based
prospective cohort study with 3038 subject (179 (5.7%)
MHO) at baseline and about 11 years of follow-up found
that subjects with MHO were more likely to develop
T2DM than metabolically healthy non-obesity (MHNO)
(relative risk (RR)=3.44, 95% CI 1.84 to 6.43).** It should
be mentioned that MHO were diagnosed if two or fewer
of the four criteria of metabolism syndrome were met for
those subjects with obesity in the studies above. In the
present study, we defined those with none of the criteria
of metabolism syndrome was met as being metaboli-
cally healthy and we could only dichotomized subjects
as MHAO versus MUAO since all of the subjects were
abdominal obese. Similar to results from the White-
hall II cohort study, we found that MUAO showed
significantly increased risk of T2DM than MHAO with
the much higher adjusted OR of 9.40 (95% CI 3.38 to
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Table 2 Adjusted ORs with associated 95% Cls of joint MHAO with NAFLD for diabetes and prediabetes plus diabetes

Diabetes Prediabetes plus diabetes
Variables OR 95% Cl P value OR 95% ClI P value
Model 1
Abdominal obesity
MUAO versus MHAO 15.90 5.84 to 43.31 <0.001* 4.81 3.28 to 7.07 <0.001*
NAFLD
NAFLD versus non-NAFLD 2.95 2.21t03.92 <0.001* 2.93 2.06 to 4.16 <0.001*
Hepatic steatosis indices for all subjects and stratified by MUAO/MHAO
FLI for all subjects 1.03 1.02 to 1.04 <0.001* 1.02 1.01 to 1.03 <0.001*
FLI for subjects with MHAO 1.05 1.00to 1.10 0.072 1.01 1.00 to 1.03 0.131
FLI for subjects with MUAO 1.02 1.02 to 1.03 <0.001* 1.01 1.00 to 1.02 0.010*
HSI for all subjects 1.24 1.20t0 1.28 <0.001* 1.12 1.07 to 1.17 <0.001*
HSI for subjects with MHAO  1.23 1.08 to 1.47 0.022* 1.06 0.98 to 1.15 0.158
HSI for subjects with MUAO  1.23 1.19t0 1.27 <0.001* 1.11 1.05t0 1.16 <0.001*
Abdominal obesity and NAFLD
MHAO and non-NAFLD 1.00 1.00
MHAO and NAFLD 5.68 0.58 to 55.96 0.136 3.30 1.55 to 7.02 0.002*
MUAO and non-NAFLD 22.34 3.07 to 162.70 0.002* 4.59 2.85t07.40 <0.001*
MUAO and NAFLD 57.49 7.97 to 414.93 <0.001* 10.14 6.17 to 16.66 <0.001*
Trend test <0.001* <0.001*
Model 2
Abdominal obesity
MUAO versus MHAO 15.84 5.81 t0 43.17 <0.001* 4.53 3.07 to 6.69 <0.001*
NAFLD
NAFLD versus non-NAFLD 2.94 2.20 to 3.92 <0.001* 2.92 2.04 to 4.17 <0.001*
Hepatic steatosis indices for all subjects and stratified by MUAO/MHAO
FLI for all subjects 1.08 1.02 to 1.03 <0.001* 1.02 1.01 to 1.03 <0.001*
FLI for subjects with MHAO 1.06 1.00 to 1.11 0.045* 1.01 0.99 to 1.03 0.191
FLI for subjects with MUAO 1.02 1.02 to 1.03 <0.001* 1.01 1.00 to 1.02 0.006*
HSI for all subjects 1.24 1.19t0 1.28 <0.001* 1.12 1.07 to 1.17 <0.001*
HSI for subjects with MHAO  1.21 1.01to0 1.45 0.042* 1.05 0.96 to 1.14 0.268
HSI for subjects with MUAO  1.23 1.19t0 1.27 <0.001* 1.11 1.05t0 1.16 <0.001*
Abdominal obesity and NAFLD
MHAO and non-NAFLD 1.00 1.00
MHAO and NAFLD 5.61 0.57 to 55.27 0.140 3.05 1.42 to0 6.53 0.004*
MUAO and non-NAFLD 22.08 3.03 to 160.88 0.002* 4.18 2.57106.78 <0.001*
MUAO and NAFLD 56.68 7.85 to 409.28 <0.001* 9.32 5.64 to 15.40 <0.001*
Trend test <0.001* <0.001*
Model 3
Abdominal obesity
MUAO versus MHAO 9.40 3.38 t0 26.14 <0.001* 4.58 2.84to 7.41 <0.001*
NAFLD
NAFLD versus non-NAFLD 2.02 1.47 t0 2.77 <0.001* 2.26 1.52 to 3.37 <0.001*
Hepatic steatosis indices for all subjects and stratified by MUAO/MHAO
FLI for all subjects 1.02 1.01 to 1.03 <0.001* 1.02 1.01 to 1.03 0.002¢
FLI for subjects with MHAO 1.20 1.01to0 1.42 0.041* 1.01 0.99 to 1.04 0.192
Continued

6 BMJ Open Diab Res Care 2021;9:002362. doi:10.1136/bmjdrc-2021-002362



8 Obesity studies

Table 2 Continued

Diabetes Prediabetes plus diabetes
Variables OR 95% Cl P value OR 95% ClI P value
FLI for subjects with MUAO 1.02 1.01 to0 1.03 <0.001* 1.01 1.00 to 1.03 0.021*
HSI for all subjects 1.22 1.18t0 1.27 <0.001* 1.10 1.05t0 1.15 <0.001*
HSI for subjects with MHAO  1.31 1.01t0 1.70 0.039* 1.04 0.95t0 1.14 0.409
HSI for subjects with MUAO  1.22 1.18t0 1.27 <0.001* 1.12 1.06to 1.18 <0.001*
Abdominal obesity and NAFLD
MHAO and non-NAFLD 1.00 1.00
MHAOQO and NAFLD 5.10 0.52 t0 50.30 0.163 2.87 1.32 t0 6.27 0.008*
MUAO and non-NAFLD 17.02 2.32t0 124.98 0.005* 4.99 2.88 t0 8.62 <0.001*
MUAO and NAFLD 32.95 4.49 to 241.86 0.001* 10.17 5.41 to 19.11 <0.001*
Trend test <0.001* <0.001*

Model 1 was adjusted for age and sex.

Model 2 was further adjusted for educational level, ever smoking, ever drinking and physical activity.
Model 3 was further adjusted for BMI, systolic and diastolic BP, triglyceride, total cholesterol, HDL-cholesterol and LDL-cholesterol and

serum uric acid.
*P<0.05.

BMI, body mass index; BP, blood pressure; FLI, fatty liver index; HDL, high-density lipoprotein; HSI, hepatic steatosis index; LDL, low-density
lipoprotein; MHAO, metabolically healthy abdominal obesity; MUAO, metabolically unhealthy abdominal obesity; NAFLD, non-alcoholic fatty

liver disease.

26.14). We further found the excessive risks of MUAO,
as compared with MHAO, on prediabetes plus diabetes
(RR=4.58, 95% CI 2.84 to 7.41). Whether MHAO showed
increased risk of T2DM compared with MHNO could not
be assessed in the present study, since all of the subjects
were abdominal obese, and we should conduct further
studies to address this issue in future.

NAFLD has been consistently shown to be associated
with metabolic/IR syndrome and thus has been proposed
to predict T2DM.” We previously found that

NAFLD was significantly associated with increased risk
of T2DM prevalence."” In the present study, we found
that NAFLD was significantly associated with increased
risk of T2DM which was consistent with others’ studies™
and its significantly increased risk on prediabetes plus
diabetes (RR=2.26, 95% CI 1.52 to 3.37). Furthermore,
we found that higher hepatic steatosis indices, including
FLI and HIS, were significantly associated with increased
risks of diabetes and prediabetes plus diabetes. Our
previous findings implied that NAFLD contributed to the
pathogenesis of T2DM via multiple mechanisms besides
its effect on metabolic/IR syndrome,'’ more underlying
mechanisms linking NAFLD to T2DM incidence need
further studies to clarify in future.

MHO has not been considered jointly with NAFLD
to predicting the risk of diabetes. To the best of our
knowledge, we are probably the first to explore the joint
associations of MHAO with NAFLD on risks of diabetes
and prediabetes. In the present study, we found that,
compared with those MHAO and non-NAFLD, subjects
with MUAO and non-NAFLD and MUAO and NAFLD
showed significantly increased risks of diabetes as well
as prediabetes plus diabetes, and those with MHAO and

NAFLD showed significantly excessive risk on predia-
betes plus diabetes. Positive trends between increasing
categories jointly by MHAO with NAFLD (from MHAO
and non-NAFLD, MHAO and NAFLD, MUAO and non-
NAFLD to MUAO and NAFLD) and risks of diabetes as
well as prediabetes plus diabetes account for other novel
findings in the present study. Moreover, stratified anal-
yses in the present study showed that both increased FLI
and HSI were significantly associated with elevated risk of
diabetes even for those subjects with MHAO. The ideas,
definitions and diagnosis criteria of MHO are still in
debating. Fat accumulation in liver is usually not consid-
ered for all indices of general and abdominal obesity,
and consequently NAFLD has not been included in the
criteria of MHO. We found that about 35% of subjects
with MHAO were further diagnosed with NAFLD, and
subjects with MHAO and NAFLD showed significantly
increased risk of prediabetes plus diabetes than those
with MHAO and non-NAFLD. Our findings implied that
MHAO based on the current diagnosis criteria was not
really ‘healthy’, therefore NAFLD should be considered
as one more potential criterion when defining MHO if
more evidence could prove our findings in future, espe-
cially from the prospective cohort studies with larger
sample sizes.

Literature has demonstrated that both NAFLD and
diabetes have sexual differences.”” *® We therefore explored
if there were significant sex differences on the associations
of NAFLD and MHAO with diabetes or prediabetes plus
diabetes. Unfortunately, all the interactions between sex and
NAFLD or MHAO were not statistically significant. Further-
more, to explore if age or menopausal status modified the
associations of NAFLD and MHAO with diabetes, we treated
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age =50 as a surrogate for menopause. Similarly, all the inter-
action terms between age group (if older than 50 years) and
NAFLD or MHAO on the associations with diabetes or predi-
abetes plus diabetes were not statistically significant. We must
acknowledge that the present sample size was relatively small
and we may not have enough power to find the potential
sex or age difference on these associations. Therefore, future
studies with much larger sample size, especially in prospec-
tive cohort study design, are warranted to explore the poten-
tial sex or age difference on these associations.

We should be cautious when interpreting our results
due to the following limitations of the present study.
First, all subjects were abdominal obesity and were not
randomly sampled from their living communities; there-
fore referring to the risk of diabetes and prediabetes, we
could not assess the effect of MHAO as compared with
MHNO and we might also underestimate the true joint
associations of MHAO with NAFLD on diabetes. Second,
NAFLD was determined by hepatic ultrasonography
scanning in 2011, we had only data on description of
hepatic steatosis diagnoses but did not have data on semi-
quantitative indices of liver ultrasonography as present.
Therefore, future studies with more accurate and sever-
ities of NAFLD by hepatic ultrasonography scanning
are needed. Third, as the present study was based on
the baseline information of our ongoing cohort study,
we cannot determine the temporal sequence among
MHAO, NAFLD and T2DM. Future studies with long-
term follow-up and information on diabetes incidence
could be useful to address the issue.

CONCLUSIONS

NAFLD has not been considered in current definition and
diagnosis criteria of MHO, although liver is one of the main
parts of fat accumulation when obesity occurs. The present
study was probably the first to explore the joint associations
of MHAO with NAFLD on risks of diabetes and predia-
betes. We found that about 35% of subjects with MHAO
accompanied by NAFLD showed significantly excessive risk
of prediabetes plus diabetes compared with those MHAO
and non-NAFLD. Furthermore, there were significantly
positive trends between increasing categories jointly by
MUAO with NAFLD and risks of diabetes as well as predi-
abetes plus diabetes. Stratified analyses showed that higher
hepatic steatosis indices, including FLI and HIS, were signifi-
cantly associated with increased risk of diabetes even for
those subjects with MHAO. Therefore, our findings imply
that NAFLD should be considered as one more criterion
when defining and diagnosing MHO. Even for those seemly
healthy obese, screening and intervention of NAFLD should
be strengthened from the perspective of T2DM prevention.
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