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Abstract

insulin, glucose, lipid profiles and uric acid.

symptoms

Background: Insulin resistance (IR) related metabolic disorders are associated with a worse prognosis of chronic
hepatitis B virus (CHB) infection or nonalcoholic fatty liver disease (NAFLD). However, the relationships among CHB,
steatosis, IR and metabolic factors remain controversial. The study aims to evaluate the impact of insulin resistance
severity on metabolic profiles in patients with CHB, NAFLD and the coincidence of the two.

Methods: We conducted a cross-sectional study between January 2011 and December 2018 that included 2768
consecutive Chinese subjects (healthy controls: 667, CHB: 970, NAFLD: 878, CHB with NAFLD: 253). IR was determined
with the homeostasis model assessment for insulin resistance (HOMA-IR). Metabolic measures included fasting serum

Results: The prevalence of IR was increased in CHB with NAFLD subjects compared with that in control subjects or
subjects with CHB or NAFLD alone (41.5% vs 2.9%/11.9%/36.9%, respectively; P<0.001). Within NAFLD and CHB with
NAFLD group, the frequency of metabolic syndrome, hypertension and hyperuricemia increased as the HOMA-IR cat-
egory increased (P for trend <0.05). A higher risk for total cholesterol, low-density lipoprotein cholesterol and elevated
alanine transaminase was observed with IR in the CHB with NAFLD group compared with that in the other groups,
while no stepwise increase in hypertriglyceridemia was found in HOMA-IR in the CHB with NAFLD group.

Conclusion: Insulin resistance is highly prevalent in patients with CHB combined with NAFLD, and the increased
metabolic risk, rather than hypertriglyceridemia, is driven by IR in CHB combined with NAFLD.

Keywords: Nonalcoholic fatty liver disease, NAFLD, Chronic hepatitis B, CHB, Insulin resistance, IR, Metabolic

Background

Nonalcoholic fatty liver disease (NAFLD) and chronic
hepatitis B (CHB) are the two most common types
of liver diseases worldwide. The growing epidemic of

*Correspondence: sophiazhong@hotmail.com

TJunzhao Ye and Xuan Hu contributed equally to this work

! Department of Gastroenterology, The First A liated Hospital,
Sun Yat-sen University, No. 58 Zhongshan Il Road, Yuexiu District,
Guangzhou 510080, China

Full list of author information is available at the end of the article

B BMC

NAFLD has reached over 26% of the world’s population
[1], and chronic hepatitis B virus (HBV) infection affects
over 300 million patients [2]. Notably, their overlap is also
common, with a prevalence of up to 25-30% in CHB [3].
Metabolic risk factor burden, including abdominal
obesity, hypertension, dyslipidemia, diabetes mellitus
and hyperuricemia, has been verified to strongly affect
the progression and even all-cause mortality of CHB
and NAFLD [4, 5]. The constellation of metabolic distur-
bances may be more crucial than single components of
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metabolic syndrome in determining the long-term prog-
noses of both diseases. Therefore, the focus on the rela-
tionship among metabolic disturbance, HBV infection
and NAFLD is growing. NAFLD predisposes individu-
als to the development of all metabolic comorbidities,
whereas meta-analysis shows that patients with CHB
have reduced risks of metabolic syndrome or some of
its components compared to the general population [6].
However, in the context of complex interactions where
hepatic steatosis and virologic backgrounds play opposite
roles, the metabolic derangement effect of NAFLD on
CHB remains unclear.

Insulin resistance (IR) is acknowledged as the physi-
ological basis of metabolic syndrome and NAFLD and
is characterized by an impairment of insulin-mediated
glucose utilization in target tissues [7]. In insulin-resist-
ant states, disrupted glucose homeostasis induces excess
lipid substrate deposition in the liver, which is involved
in the liver fibrosis progression and development of
hepatocellular carcinoma of CHB [5, 7]. Moreover,
increasing evidence indicates that IR and associated dia-
betes are overrepresented in CHB [8-11]. For example,
an increased association was observed between mater-
nal HBsAg carrier status and risk development of gesta-
tional diabetes in a retrospective cohort [9]. Lu et al. also
showed an increased frequency of HBV infection in type
2 diabetic patients but not in patients with adult-onset
autoimmune diabetes [10]. Another cross-sectional study
with a large sample size demonstrated that CHB status
was independently associated with IR defined by homeo-
stasis model assessment (HOMA) criteria or a quantita-
tive insulin check index [12]. As noted, superimposed IR
does not increase in parallel with metabolic syndrome in
CHB patients, unlike NAFLD with IR, which increases
the risk of metabolic abnormalities. This evidence sug-
gests that IR may mediate distinct metabolic profiles in
CHB with or without NAFLD. However, whether dif-
ferent types of liver diseases have the same metabolic
consequences as the degree of IR increases or whether
all of these metabolic components should be monitored
aggressively for those patients with IR remains unclear.

Given the high prevalence of IR, metabolic syndrome,
NAFLD and CHB, clarifying their associations plays an
important role in developing screening strategies, espe-
cially for identifying patients with higher risks of specific
combinations of metabolic complications at various lev-
els of IR severity. The aims of the study were to assess the
influence of IR severity measured by the HOMA on the
risks of metabolic factors in subjects with NAFLD, CHB
and CHB with NAFLD.
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Materials and methods

Study population and design

This was a cross-sectional study of a single-center cohort
conducted at the Hepatology Outpatient Clinic and
health examination center of the First Affiliated Hospi-
tal of Sun Yat-sen University, China. We consecutively
enrolled subjects from January 1, 2011 to December 31,
2018 with the following inclusion criteria: (1) patients
aged 18-65 years; (2) complete anthropometry, abdomi-
nal ultrasound, and laboratory results; (3) diagnosis of
chronic hepatitis B and/or nonalcoholic fatty liver dis-
ease; (4) all patients were naive to antiviral therapy or
treatment for metabolic diseases. CHB was diagnosed in
patients who were positive for hepatitis B surface antigen
(HBsAg) for over 6 months, and the diagnosis of NAFLD
was established by abdominal ultrasonography.

The exclusion criteria included: (1) healthy individuals
with any medical history of severe illness or prescription
indicating the presence of a chronic illness; (2) subjects
taking nutritional supplements of any sort; (3) the imag-
ing evidence of hepatocellular carcinoma (computed
tomography [CT] or magnetic resonance imaging [MRI]
scan of the abdomen) and the level of AFP, other end-
stage liver diseases, hepatitis C virus infection (tests for
antibody against hepatitis C virus), autoimmune liver dis-
ease (tests for anti-nuclear antibody, anti-smooth muscle
antibody and anti-mitochondrial antibody); (4) diabe-
tes mellitus or other endocrine diseases; (5) pregnancy
and breastfeeding; (6) patients with significant fibrosis
detected with liver stiffness measurement (LSM) by real-
time shear wave elastography or (7) previous history of
alcohol consumption of >140 g/week in men or >70 g/
week in women. The Clinical Research Ethics Committee
of The First Affiliated Hospital of Sun Yat-Sen University
approved the study protocol, and all subjects provided
written informed consent.

Clinical evaluation

Patient history, including demographics, past disorders,
medication history and nicotine and alcohol consump-
tion, were collected with a questionnaire interview. All
subjects underwent anthropometric measurements,
including body weight, body height, waist circumfer-
ence, hip circumference and blood pressure. Body mass
index (BMI) was defined as the body weight in kilograms
divided by the square of the body height in meters. Waist
circumference was measured in centimeters at the mid-
point between the lower margin of the rib cage and the
top of iliac crest using anon elastic measuring tape, and
hip circumference was also measured in centimeters
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at the widest point between the hip and buttock using
the same tape. The waist-to-hip ratio (WHR) was cal-
culated by dividing the waist circumference by the hip
circumference.

Assessment of insulin resistance status (exposure)

Fasting blood glucose (FBG) and serum insulin (FINS)
(both measure after fasting for over 8 h) were measured
by an Abbott c8000 Automatic Biochemistry Analyzer
(Abbott, USA). The HOMA of the IR index was calcu-
lated using the following equation: HOMA-IR=FINS
(tU/mL)*FBG (mmol/L)/22.5 [13].

Measurements of metabolic profiling (outcomes)

Sitting blood pressure was measured twice by physi-
cians using an Omron (J710, Japan) electronic monitor
applied to the right upper arm after a 15-min rest. Bio-
chemical parameters were assayed as mentioned previ-
ously, including total cholesterol (CHOL), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), uric acid (UA),
albumin (ALB), total bilirubin (TB) and liver enzymes
[alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST)].

We defined obesity as BMI > 25 kg/m? [14], and meta-
bolic syndrome was diagnosed according to the modi-
fied criteria for an Asian population [15]. Hypertension
was diagnosed in subjects with systolic blood pres-
sure (SBP)>140 mmHg or diastolic blood pressure
(DBP) >90 mmHg or previously diagnosed hypertension
[16]. Hypercholesterolemia was defined as a total CHOL
level >5.2 mmol/L. Hypertriglyceridemia was defined as
a TG level > 1.7 mmol/L. A low HDL-C level was defined
as an HDL-C level < 1.0 mmol/L. A high LDL-C level was
defined as an LDL-C level > 3.4 mmol/L [17]. Hyperurice-
mia was diagnosed in males and females at >420 and
360 pmol/L, respectively [18]. The normal upper limit for
ALT and AST were set to 40 and 37 U/L, respectively.

Radiology examination

Fatty liver was assessed by abdominal ultrasonography
in all subjects using criteria as the presence of liver and
kidney echo discrepancy, with or without the presence
of posterior attenuation of ultrasound beam, vessel blur-
ring, difficult visualization of the gallbladder wall, dif-
ficult visualization of the diaphragm. Liver fat content
was further assessed using MRI fat signal fraction by
two-point DIXON-fat—water-separation MRI at 3.0 Tesla
(SIEMENS 3.0T MAGNETOM Verio). The scanning pro-
tocol and imaging parameters were described in detail
in our previous study [19]: TE1 2.5 ms; TE2 3.7 ms; rep-
etition time 5.47 ms; 5° flip angle; +504.0 kHz per pixel
receiver bandwidth; and a slice thickness of 3.0 mm. Fat

Page 3 of 13

content was calculated using an irregularly shaped region
of interest (ROI) covering the entire liver in 21 consecu-
tive slices (maximum-area centered) for each patient. The
liver fat content was classified by MRI proton density fat
fraction (MRI-PDFF) as without (<5%), mild (5-10%),
moderate and severe (>10%) steatosis and these cut-off
values for discriminating steatosis degree were adopted
in the previous clinical trials for estimating effects of dif-
ferent drugs on NAFLD [20-22].

Liver stiffness measurement by real-time shear wave
elastography (Super Sonic Imagine, Aix en Provence,
France) was performed by two fixed physicians with over
5 years’ experience of ultrasound measurement. A rec-
tangular region of interest (approximately 4 x 3 x 3 cm
and set 1-2 cm under the liver surface) was displayed on
the best static shear wave elastography image, in which a
circular region of interest (the diameter set about 20 mm)
without any focal lesion, vessels, biliary tracts, or artifacts
from nearby lung gas or cardiac movement) was selected.
Then the liver stiffness means, minimum, maximum, and
standard deviation (SD) were calculated. The mean value
was considered representative of the LSM after five con-
secutive 2D SWE images were obtained for each patient.
The cutoff value of LSM for significant fibrosis was set as
over7.6 kPa that was previously validated in similar sub-
jects [23].

Statistical analysis

Normally distributed data are presented as the median
(standard deviation). The Kruskal-Wallis rank sum test
was used for abnormally distributed continuous vari-
ables between groups. Pearson’s Chi-squared test was
used for comparison of categorical data between groups.
Multiple comparisons among groups were performed
using ANOVA with Bonferroni post hoc test. Logistic
regression models with stepwise selection were used to
estimate odds ratios (ORs) for the different stratifica-
tion of HOMA-IR in relation to metabolic parameters
(hypertension, hypertriglyceridemia, high LDL-C level,
metabolic syndrome, ALT elevation and AST elevation).
We adjusted these models for several potential confound-
ers, including age, sex and BML P values for trend (two-
sided) were calculated. A two-tailed P-value less than
0.05 was considered indicative of statistical significance.
All data were analyzed using SPSS Statistical software
(version 20.0, SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

Overall, 2768 subjects were enrolled, including 667 in
the healthy control (HC) group (24.1%), 970 in the CHB
group (35.0%), 878 in the NAFLD group (31.7%), and
253 in the CHB with NAFLD group (9.1%). The baseline
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characteristics are shown in Table 1. A majority of the
study population (approximately 70%) were male, with
the median age as 40.1 years. No significant differences
in age and sex were found among groups. Compared with
the healthy control, all the other three groups presented a
somewhat higher waist-to-hip ratio, blood pressure, uric
acid, triglyceride and higher total and LDL-cholesterol
but not HDL-cholesterol respectively. Metabolic syn-
drome was most common in the NAFLD group (48.1%),
followed by the CHB with NAFLD (31.6%), CHB (7.0%)
and HC (1.9%) groups. Furthermore, NAFLD patients

Table 1 Baseline characteristics of all patients
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with or without CHB tended to have higher BMI, waist-
to-hip ratio, blood pressure, uric acid and markedly
statistic differences in serum lipid profiles than those
healthy control or with CHB alone (Table 1). Notably,
higher triglyceride level (2.5 mmol/L vs 1.7 mmol/L,
P<0.001) was the only significant differences between
the NAFLD group and the CHB with NAFLD group after
pairwise comparison. As for HBV viral markers, there
was no significant difference regard to HBV DNA level,
HBsAg levels and HBeAg positivity rates between CHB
patients with or without NAFLD (all P<0.05).

ALL HC CHB NAFLD CHB with NAFLD
(N=2768) (N=667) (N=970) (N=2878) (N=253)
Gender (male) 1901 (69%) 440 (66%) 651 (67%) 618 (70%) 192 (76%)
NSai‘ NSat:| *ab, NSC
Age (year) 401 (109) 393(9.2) 398 (117) 411 (120) 410 (102)
NSa NSab NSaC] *h
BMI (kg/m?) 238(39) 21.8(24) 222(31) 265 (3.7) 260 (3.7)
*kg **ghy **al *c
Waist—hip ratio 085 (0.07) 0.80 (0.06) 0.84 (0.07) 0.89 (0.04) 0.89 (0.05)
*kg **ah **ab, NSC
SBP (mmHg) 1242 (13) 1162 (12.1) 1248 (10.1) 127.7 (147) 130.0 (10.8)
*kg **ghy **a *c
DBP (mmHg) 79.8(9.9) 721(92) 82.3(8.1) 824 (9.9) 86.0 (11.1)
*kg *g *p *xgh
CHOL (mmol/L) 51(10) 47 (06) 49 (11) 55 (L1) 52(11)
*kg **gh **a, *c
TG (mmol/L) 16(L7) 10 (0.5) 13(08) 25(2.5) 17(13)
*kg **gh **gh
HDL-C (mmol/L) 13(04) 14(02) 1.3(0.4) 1.1(03) 1.2(0.4)
NSa **ah **ab, NSC
LDL-C (mmol/L) 31(09) 29(0.7) 31(08) 33(0.9) 34(0.9)
**q **ab **ab, NSC
FBG (mmol/L) 50(09) 48(04) 48(07) 54(12) 53(13)
NSa **ab **ab, *C
FINS (uU/mL) 8.7(63) 6.2(34) 7.3(48) 11.3(7.4) 12.0(7.9)
*g **ah **ab, NSC
HOMA-IR 20(18) 13(08) 16(L3) 2721 29(26)
*3 **gh **ah, NSC
UA (umol/L) 358.2 (102.4) 300.1 (89.0) 339.0 (92.2) 4028 (102.2) 4019 (932)
*kg **gly **ab, NSC
ALT (U/L) 459 (635) 20.1 (10.9) 55.1 (90.9) 51.4 (44.4) 615 (64.5)
*kg **ghy **ah *c
AST (U/L) 37.1(49.0) 244 (6.0) 442 (75.4) 37.3(26.2) 440 (43.1)
*kg *kg *p **3, *be
ALB (g/L) 456 (3.2) 465(0.2) 449 (4.1) 4597 (2.8) 452 (38)
*kg **gpy **ac, *b
TB (mol/L) 146 (5.3) 136(0.2) 152 (6:8) 1446 (5.1) 145(6.2)
*g *hg, NSb *3, NSbC

HC: health control; NAFLD: nonalcoholic fatty liver disease; CHB: chronic hepatitis B; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;
CHOL: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA: uric acid; ALB: aloumin; TB: total
bilirubin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; FBG: fasting blood glucose; FINS: serum insulin

Data are n (%) and mean (Standard deviation). P values were for the ANOVA analysis across the groups, * P <0.05, ** P <0.001

+

a—compared with HC group, b—compared with CHB group, c—compared with NAFLD group, NS— non significant
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Comparison of prevalence and severity of insulin

resistance among groups

Compared with the HC group, higher prevalence of IR
appeared in all the other groups (P<0.001), with the
highest rate in the CHB with NAFLD group (41.5%),
followed by NAFLD (36.9%) and CHB (11.9%) (Fig. 1a).
It was note that the difference in the proportion of
patients with IR was also significant in pairwise com-
parisons. Likewise, similar trends were observed in the
subgroup analysis of obese (51.1% vs 44.3% vs 25.6% vs
10.5%, P<0.05) and nonobese subjects (29.1% vs 23.0%
vs 9.0% vs 2.1%, P<0.05) (Fig. 1b).

Additionally, we found that the levels of HOMA-IR
in each group was also significantly different, with the
highest median HOMA-IR values (75-25% interquar-
tile range) of 2.3 (2.1) seen in the CHB with NAFLD
group and followed by 2.3 (1.6) of NAFLD group,
1.3 (1.2) of CHB group and 1.2 (0.7) of HC group,
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respectively (Fig. 1c). When stratified according to
BMLI, similar trends existed in obese (1.8 vs 2.0 vs 1.2 vs
1.2, respectively; P<0.05) and nonobese subsets (2.8 vs
2.6 vs 2.0 vs 1.6, respectively; P<0.05).

Clinical characteristics and differences in contributors

to insulin resistance

The clinical characteristics of insulin resistance within
each group were listed in Table 2. Across all cohorts
(Table 2), subjects with IR presented increased BMI than
those without IR. While levels of CHOL, ALT and AST
were higher in all groups with IR except for the CHB
group, higher SBP was present in each studied group but
not in CHB with NAFLD patients, and increased waist-
to-hip ratio were observed in all IR population without
NAFLD patients. Greater levels of DBP as well as lower
HDL-c were found in both patients with IR in healthy
controls and CHB group. Within NAFLD groups with or
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Fig. 1 Comparison of HOMA-IR indexes distribution across the body mass index categories in various groups. a Proportion of patients whose
homeostasis model assessment insulin resistance (HOMA-IR) was higher than 2.7 in health control (HC) group, chronic hepatitis B (CHB) group,
nonalcoholic fatty liver disease (NAFLD) group and CHB with NAFLD group, respectively. b Proportion of patients whose HOMA-IR >2.7 with body
mass index (BMI) > 25 kg/m? and < 25 kg/m? in HC, CHB, NAFLD and CHB with NAFLD group, respectively. c HOMA-IR indexes distribution of
patients in HC, CHB, NAFLD and CHB with NAFLD Group, respectively. d HOMA-IR indexes distribution of patients with BMI > 25 kg/m? and <25 kg/
m?in HC, CHB, NAFLD and CHB with NAFLD Group, respectively. ***P< 0,001
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without CHB, elevated LDL-C was shown in those with
IR. However, only increased UA concentrations was dis-
played in healthy control individuals with IR. For all stud-
ied groups, no significant differences in ALB and TB were
noted.

Finally, we compared the predictors of insulin resist-
ance between the CHB, NAFLD and CHB with NAFLD
groups (Table 3). On multivariate analysis, obesity and
hypertension (all P<0.05) were the shared predictors of
IR among three groups. Both high LDL-c, low HDL-c
and hyperuricemia was independently associated with IR
in all the groups except for the CHB with NAFLD group,
whereas AST elevation were found to be significantly
associated with the presence of insulin resistance in all
the groups but not in the NAFLD group. In the CHB
group, ALT elevation was the additional factor that was
associated with IR prediction (OR: 3.12, 95% CI 1.70-
5.76, P<0.001).

Associations of insulin resistance severity and risk

of related metabolic abnormalities

Table 4 presents the risks of related metabolic abnor-
malities that increased with IR severity (HOMA-IR was
categorized by 1.10, 1.60, and 2.70, for the 25th, 50th and
75th percentiles of HOMA-IR, represented by HOMA-
IR Q1, Q2, Q3 and Q4). The HOMA-IR Q1 of all subjects
was set as a reference. All dose—response relationships
were adjusted for age, sex and BMI. Across the quartiles
of HOMA-IR levels, there were similar dose-response
relationships between IR severity and hypertension (all
except for HC, P for trend <0.05, Fig. 2e) and hyper-
uricemia (all except for HC, P for trend <0.05, Fig. 2d)
among all three groups. For metabolic syndrome, no sig-
nificant influence was presented in CHB patients (P for
trend =0.071), but a positive influence was revealed in
NAFLD patients (P for trend=0.023, Fig. 2a) and CHB
with NAFLD patients (P for trend =0.029, Fig. 2a). A sim-
ilar dose—response relationship between IR severity and
hypertriglyceridemia could be identified in CHB patients
(P for trend =0.023, Fig. 2b) and NAFLD patients (P for
trend =0.004, Fig. 2b), while such influence disappeared
in hyperglyceridemia for CHB patients with NAFLD (P
for trend =0.114, Fig. 2b). Regarding LDL-C, HOMA-IR
Q4, the highest IR category, presented the highest risk
(OR=6.54, 95% CI 3.65-11.73, P<0.001) in CHB with
NAFLD patients, and a clear dose—response relation-
ship was observed between IR and LDL-C in CHB with
NAFLD and NAFLD patients; however, no significant
positive correlation remained in CHB patients (Fig. 2c).
In addition, we observed a significant influence on ALT
levels in NAFLD or CHB with NAFLD patients (P for
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trend =0.207 and 0.042, Fig. 2f) but not in CHB patients
(P for trend =0.207, Fig. 2f).

Relationship between insulin resistance severity and liver
fat content

Among patients with NAFLD and CHB with NAFLD,
we further evaluated the relationship between liver fat
content and varying degrees of insulin resistance. A total
of 644 patients, including 431 NAFLD patients and 213
CHB with NAFLD patients accepted MRI examination.
The HOMA-IR Q1 of each group was set as its reference.
In NAFLD patients, HOMA-IR Q4 was associated with
the highest risk of having moderate and severe steatosis
(OR=10.92, 95% CI 4.59-25.9, P for trend =0.029) after
multiple adjustments. Similarly, significant trend was
observed as well in CHB with NAFLD patients within
HOMA-IR Q4 that a significant influence on having
moderate and severe fatty liver through MRI examination
(OR=20.3, 95% CI 2.49-30.1, P for trend =0.039).

Discussion
In this cross-sectional study conducted in China, we
identified different dose—response patterns between
insulin resistance and metabolic comorbidities among
CHB, NAFLD and CHB combined with NAFLD in 2782
age-matched and gender-matched cases and controls via
risk factor analysis. Almost half of the patients with CHB
combined with NAFLD had IR, a proportion that was sig-
nificantly higher than that in other groups with chronic
HBYV infection or NAFLD alone. We found that increased
HOMA-IR was linearly associated with the prevalence
of metabolic syndromes in the CHB with NAFLD group.
We also found a graded association between the HOMA-
IR and uric acid. These associations persisted after multi-
variable adjustment, including baseline FBG and CHOL
concentrations, SBP and BMI. The diverse abovemen-
tioned associations remained significant after adjusting
for confounders, including family history, age and sex.
Insulin resistance was overrepresented in patients with
CHB and NAFLD and to a somewhat greater degree
in those who had CHB combined with NAFLD than in
the control subjects. Given that insulin resistance con-
tributes to the development of type 2 diabetes, the high
prevalence of IR in the CHB group was in line with the
previous finding that diabetes is more likely to appear
in CHB infection [8-12]. In light of the positive correla-
tion between obesity and insulin resistance, a subgroup
analysis stratified by BMI was performed to observe
these independent trends. Intriguingly, the proportion
of IR and its severity remained elevated in patients with
CHB combined with NAFLD compared to those affected
by either disease alone. Therefore, a greater risk of IR
implies the importance of detecting glucose metabolism
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Table 3 Association of risk factors with insulin resistance in patients with different liver diseases

CHB NAFLD CHB with NAFLD

Univariate Multivariate Univariate  Multivariate Univariate = Multivariate

P OR P OR (95% ClI) P OR P OR (95% ClI) P OR P OR (95% ClI)
Age, years 0786 1.03 0.83 023 093 038 0242 086 076
Male 0.004 045 023 024 122 020 1000 101 052
Obesity? <0001 445 <0001 297(1.79-494) <0001 324 <0001 280(1.93-405) <0001 279 <0001 323(1.74-6.00)
Hypertension? <0001 307 0.001 2.65(148-4.74) 0001 173 001 156(111-220) 0042 184 002 225(1.17-4.30)
Hypercholesteremia® 0641 1148 058 001 150 091 0033 181 026
Hypertriglyceridemia® 0.001 2403 064 008 132 058 0.828 091 039
Low HDL-c? <0.001 256 0001 265(152-4.64) <0001 187 <0001 208(148-293) 0904 107 033
High LDL-c? 0015 1.82 004 214(1.03-445) <0001 173 001 170(114-254) 0022 189 034
Hyperuricemia® 0.001 218 003 1.78(107-296) <0.001 175 003 142(1.04-1.94) 0027 184 0.28
ALT elevation® 0002 204 <0001 3.12(1.70-5.76) <0001 188 012 0003 233 039
AST elevation? 0577 118 0.02 045(0.24-086) <0001 198 020 <0.001 324 0004 299 (141-632)
ALB (g/L) 0495 1.02 0.85 024 097 054 0931 100 094
Total bilirubin (umol/L)  0.148 0.97 0.12 007 097 022 022 097 015

Data are expressed as n (%) and mean (standard deviation)

NAFLD: nonalcoholic fatty liver disease; CHB: chronic hepatitis B; ALT: alanine aminotransferase; AST: aspartate aminotransferase; FBG: fasting blood glucose; FINS:

serum insulin; ALB: albumin

2 Obesity was defined as body mass index > 25 kg/m?, Hypertension was defined as systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure

(DBP) > 90 mmHg. Hypercholesterolemia was defined as a total CHOL level > 5.2 mmol/L. Hypertriglyceridemia was defined as a TG level > 1.7 mmol/L. A low HDL-C
level was defined as an HDL-C level < 1.0 mmol/L. A high LDL-C level was defined as an LDL-C level > 3.4 mmol/L. Hyperuricemia was defined as males and females at
>420 and 360 umol/L, respectively. The normal upper limit for ALT and AST were set to 40 and 37 U/L, respectively

at preliminary stages in patients simultaneously affected
by CHB and NAFLD.

Insulin resistance has been recognized as a key mech-
anism of liver steatosis and metabolic morbidity and
mortality [7, 24]. When systemic IR exists, the accom-
panied compensatory hyperinsulinemia over activates
insulin receptor-PI3K-Akt signaling in two different
organs: liver and adipose tissue [7, 25]. In the former,
excess insulin acts as a potent regulator for driving lipo-
genic genes expression, which leads to over de novo
lipogenesis, impaired mitochondrial fatty acid oxida-
tion and subsequent liver inflammation, whereas the
latter promotes lipolysis and secret increased levels of
adipokines, free fatty lipids and inflammatory cytokines
[25]. Therefore, much more toxic lipids were entered,
produced, accumulated in liver and released to circula-
tion, causing endothelial dysfunction, hyperlipidemia
and related metabolic disorders [7]. The progressively
dysregulated metabolism in the liver exacerbate IR in
turn, forming positive feedback of worsening metabolism
[25]. Although a stepwise increase in IR with the risk of
metabolic syndrome was initially reported in NAFLD
subjects, the association between IR and CHB with
NAFLD was not as well-known as that between IR and
NAFLD. Our current results reported that hypertension
and increased uric acid show similar trends in CHB with
and without NAFLD and first found that IR indicated

different clusters of metabolic complications, especially
in CHB with NAFLD. No clear trend was found in the
association between the fourth quartile of HOMA-IR
and hypertriglyceridemia level risk in CHB with NAFLD,
while a stepwise increase in IR was associated with an
increased risk of hypertriglyceridemia in both CHB and
NAFLD. Our findings reinforce those of previous studies
demonstrating that HBV infection is negatively associ-
ated with hypertriglyceridemia [26] and provide evidence
that HBV infection negates the promoting effect of IR on
TG levels. One possible mechanism explaining this phe-
nomenon is that HBV products, including HBV protein
X, interrupt de-novo lipid synthesis and secretion under
insulin-resistant conditions, which are characterized by
inhibition of Apo-C3 expression [27] and Apo-B secre-
tion [28]. As the major protein component of triglycer-
ide (TG)-rich lipoproteins, decreased Apo-B and Apo-C3
concentrations therefore lower serum very-low-density
lipoprotein (VLDL) and TG levels.

Several studies reported the inverse association of
HBsAg positivity with total cholesterol and LDL-C. In
a large cross-sectional study conducted in a Taiwan-
ese cohort with 56,336 participants [29], patients with
positive HBsAg had a significantly lower frequency of
hypercholesterolemia. Additionally, a longitudinal study
further demonstrated an inverse association between
HBV infection and dyslipidemia occurrence over time
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Table 4 Association of risk factors for quartile of HOMA-IR in metabolic disorders

OR (95% CI)?
All CHB NAFLD CHB with NAFLD

Hypertension
HOMA-IR Q1 Reference® 0.94 (0.57-1.54) 357 (1.89-6.75) 2.44 (0.90—6.60)
HOMA-IR Q2 1.72 (1.19-2.50) 1.94 (1.19-3.16) 3.73(2.29-6.06) 3.15 (145-6.87)
HOMA-IR Q3 278 (1.98-391) 1.50 (0.91-2.48) 399 (2.73-5.85) 6.68 (3.73-12.0)
HOMA-IR Q4 6.69 (4.79-9.34) 4.40 (2.64-7.36) 7.75(5.39-11.2) 744 (455-12.2)
P for trend 0.08 0.03 0.03 0.006

Hypertriglyceridemia
HOMA-IR Q1 Reference 0.77 (049-1.21) 6,52 (3.81-11.1) 3.18(1.38-7.37)
HOMA-IR Q2 2.31(1.69-3.16) 1.37 (0.86-2.18) 8.38 (5.56-12.6) 4.90 (258-9.34)
HOMA-IR Q3 5.92 (4.45-7.87) 2.29 (153-3.42) 17.0 (12.2-23.7) 6.37 (3.68-11.0)
HOMA-IR Q4 948 (7.05-12.8) 322(1.98-5.23) 18.8 (134-26.4) 443 (2.74-7.15)
P for trend 0.02 0.02 0.004 011

High LDL-c
HOMA-IR Q1 Reference 1.15 (0.84-158) 2.60 (1.54-4.37) 2.90 (1.39-6.01)
HOMA-IR Q2 1.28 (0.98-1.66) 1.31(0.90-1.90) 2.96 (2.02-4.35) 2.01(1.06-3.83)
HOMA-IR Q3 229 (1.80-2.91) 1.39 (0.98-1.97) 355 (2.67-4.73) 4.70 (2.80-7.90)
HOMA-IR Q4 464 (361-5.97) 259 (1.68-3.99) 5.01 (3.75-6.69) 6.97 (4.50-10.8)
P for trend 0.07 0.07 0.005 0.03

Hyperuricemia
HOMA-IR Q1 Reference 1.14 (0.82-159) 253 (148-4.32) 3.19 (1.52-6.70)
HOMA-IR Q2 1.25 (0.95-1.65) 1.10 (0.73-1.66) 295 (2.00-4.37) 274 (147-5.14)
HOMA-IR Q3 2.56 (2.00-3.28) 164 (1.14-2.34) 419 (3.13-5.61) 3.33 (1.96-5.68)
HOMA-IR Q4 4,96 (3.83-6.42) 2.15 (1.36-3.38) 6.45 (4.80-8.67) 6.21 (4.02-9.58)
P for trend 0.06 0.03 0.005 0.04

Metabolic symptoms
HOMA-IR Q1 Reference 0.27 (0.10-0.80) 105 (5.50-19.9) 2.44 (0.70-856)
HOMA-IR Q2 255 (1.60-4.08) 0.74 (0.30-1.81) 9.15 (5.35-15.6) 7.06 (3.17-15.7)
HOMA-IR Q3 962 (6.34-14.6) 362 (211-6.23) 240 (155-37.3) 917 (4.71-17.9)
HOMA-IR Q4 274 (18.0-417) 8.34 (4.67-14.9) 46.0 (295-71.8) 23.2 (13.4-40.1)
P for trend 0.08 0.07 0.02 0.03

High ALT level
HOMA-IR Q1 Reference 168 (1.27-2.21) 222 (1.33-373) 2.71(1.32-558)
HOMA-IR Q2 1.17 (0.78-1.28) 1.70 (1.22-2.36) 210 (1.42-3.09) 3.19(1.75-5.80)
HOMA-IR Q3 2.01(1.60-253) 223 (1.63-3.05) 279 (2.11-3.70) 322 (1.92-5.40)
HOMA-IR Q4 487 (3.82-6.23) 359 (2.39-5.39) 4,89 (3.66-6.53) 8.21 (5.18-13.0)
P for trend 0.10 021 0.03 0.052

Liver fat content (mild vs. moderate and severe)
HOMA-IR Q1 Reference Reference
HOMA-IR Q2 1.12 (0.48-3.35) 145 (0.12-17.2)
HOMA-IR Q3 219(0.94-5.11) 279 (0.33-24.0)
HOMA-IR Q4 10.92 (4.59-25.9) 20.3(2.49-30.1)
P for trend 0.029 0.039

P for trend was calculated for the logistic regression analysis tests across the groups

HOMA-IR was categorized by 1.10, 1.60, and 2.70, for the 25th, 50th and 75th percentiles of HOMA-IR, represented by HOMA-IR Q1, Q2, Q3 and Q4

Metabolic symptom was diagnosis as meeting at least three of the following criteria: (1) Waistline > 90 cm (male) and >80 cm (female) and/or body mass index

(BMI) > 25 kg/m?; (2) elevated BPs (systolic blood pressure (SBP) > 125 mmHg and/or diastolic blood pressure (DBP) > 70 mmHg); (3) low HDL-C level; (4) fasting serum
triglyceride > 1.7 mmol/L; (5) fasting plasma glucose > 5.6 mmol/L. Hypertension was defined as systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg. Hypercholesterolemia was defined as a total CHOL level > 5.2 mmol/L. Hypertriglyceridemia was defined as a TG level > 1.7 mmol/L. A low HDL-C
level was defined as an HDL-C level < 1.0 mmol/L. A high LDL-C level was defined as an LDL-C level > 3.4 mmol/L. Hyperuricemia was defined as males and females at
>420 and 360 umol/L, respectively. The normal upper limit for ALT and AST were 40 and 37 U/L, respectively

? Adjusted for gender and age

b Homeostasis model assessment insulin resistance first quartile (HOMA-IR Q1) of all subjects was set as reference
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[30]. Notably, IR exhibited a positive association with
higher LDL-C levels in CHB with NAFLD than in CHB
or NAFLD alone in our study. Our findings suggested
that concomitant steatosis during HBV infection modi-
fies the association between IR and LDL-C. A higher
HOMA-IR index might serve as a predictive factor for
the prevalence of hypercholesterolemia. Although the
underlying mechanism needs further exploration, the
combination of HBV infection and NAFLD appears to
have an opposite effect on liver cholesterol metabolism
from that on TG metabolism.

Insulin resistance was identified as a driver of hepatic
steatosis progression [31]. IR severity has been proven
to be significantly associated with the degree of steatosis
in NAFLD. The present study observed similar associa-
tions with increased HOMA-IR and intrahepatic triglyc-
eride (IHTG) content in both NAFLD and CHB with
NAFLD. Moreover, we also observed a greatly increased
prevalence of elevated ALT levels in CHB with NAFLD
compared with those in NAFLD after adjusting for com-
pounding factors. This finding suggests that HBV infec-
tion may have a synergic effect with IR on liver damage.
In addition to chronic HBV-infection-induced inflam-
matory response and lipotoxicity caused by steatosis in
hepatocytes, IR predisposes cells to reactive oxygen spe-
cies generation and lipid peroxidation [7], and thus, these
factors contribute to liver injury aggravation. Liver dam-
age is accompanied by increased production of proin-
flammatory cytokines, which are, in turn, involved in IR.

Our findings strongly highlight the high risk of IR
occur in both NAFLD, CHB and their combination, and
the necessity for initiating screening and intervention.
Without cure for IR by drugs, combination of dietary
modification and intensified exercise training remained
the cornerstone in the management of IR and its comor-
bidities [32]. Adjusting the calories, ratio of carbohy-
drate, fatty acid and proteins in the diet have both been
advocated as dietary strategies to improve insulin sensi-
tivity. There is emerging evidence that Mediterranean-
style diet, hypocaloric low-carbohydrate or low-fat diet
(by energy deficit of 500—750 kcal/day), and low-glycae-
mic index (GI) diet confer improved weight control and
metabolic profiles among insulin resistance, metabolic
syndrome and NAFLD patients [32, 33]. An individual-
ized exercise intervention, such as high-intensity inter-
val training, moderate-intensity for 150 min/weeks or
75 min/weeks of vigorous-intensity exercise, may also
provide an additional therapeutic effect on insulin resist-
ance [34]. Therefore, our results evaluating the effect of
IR on varied metabolic disorders provided the evidence
base for individualized dietary and exercise recommen-
dations on modifying insulin sensitivity to reduce pro-
gression to related metabolic diseases.
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Our study had some limitations. First, we did not apply
the euglycemic clamp technique, the gold standard of IR
measurement, for analysis. The euglycemic clamp tech-
nique is limited in our large population study because
of its cost and complexity. Thus, the conclusion that the
relationships among insulin resistance and metabolic
alteration across different liver diseases needs further
study. Second, we conducted a cross-sectional study
based on the Chinese population, and we need a larger
sample of long-term follow-up data in the future to sup-
port our conclusions. Furthermore, assessing the impact
of viral factors on IR severity and their interactions with
metabolic profiles would be interesting. Third, other con-
founders related to metabolic parameters, such as dietary
habits, were not available, and we could not adjust for
such confounders and further explored the potential ben-
efit of modulating insulin resistance through individual-
ized nutritional intervention.

Conclusion

Chronic hepatitis B with NAFLD patients have a higher
prevalence of insulin resistance, and a high burden of insu-
lin resistance is associated with an increased risk of related
metabolic disorders (total cholesterol, LDL-cholesterol,
hypertension and high uric acid but not triglycerides) and
liver fat content. Although our study was a cross-sectional
analysis, this is the first time we used a dose—response trend
analysis method to estimate the relationships between
IR severity at diagnosis and related metabolic disorders
among subjects with CHB, NAFLD and CHB with NAFLD.
These findings in our study add to existing evidence that
IR meditates different extents of metabolic abnormalities
in different liver diseases, suggesting that in patients with
CHB combined with NAFLD, insulin resistance and related
metabolic disorders need intensive management.

Abbreviations

NAFLD: nonalcoholic fatty liver disease; CHB: chronic hepatitis B; HC: health
control; HBV: hepatitis B virus; IR: insulin resistance; HOMA: homeostasis model
assessment; HBsAQ: hepatitis B surface antigen; CT: computed tomography;
MRI: magnetic resonance imaging; MRI-PDFF: MRI proton density fat fraction;
LSM: liver sti ness measurement; BMI: body mass index; WHR: waist-to-hip
ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting
blood glucose; FINS: serum insulin; CHOL: total cholesterol; TG: triglycerides;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; UA: uric acid; ALB: albumin; TB: total bilirubin; ALT: alanine ami-
notransferase; AST: aspartate aminotransferase; SD: standard deviation.

Acknowledgements
We are grateful to Rui Li and Shaofeng Li for their help in recruiting patients
for this study.

Authors’ contributions

BZ: conceive, design, critical revision of the manuscript for important intel-
lectual content; XH and JY: data collection, analysis, manuscript drafting. TW:
data analysis and interpretation of results; YW: data collection; CS, FL and

YL: anthropometry data collection. SF and WW: imaging data collection. All
authors read and approved the final manuscript.



Ye et al. Diabetol Metab Syndr (2019) 11:45

Funding

This study was supported by awards from the National Natural Science Foun-
dation of China, No. 81870404, No. 81670518 and No. 81170392; Guangzhou
Science and Technology Innovation Commission, China, No. 201604020155
The Science and Technology Project of Guangdong Province, China, No.
2017A020215015 and No. 2014A020212118.

Availability of data and materials

The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request. All data generated or
analysed during this study are included in this published article.

Ethics approval and consent to participate

The Clinical Research Ethics Committee of The First A liated Hospital of Sun
Yat-Sen University approved the study protocol, and all subjects provided writ-
ten informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Gastroenterology, The First A liated Hospital, Sun Yat-sen
University, No. 58 Zhongshan Il Road, Yuexiu District, Guangzhou 510080,
China. 2 Department of Radiology, The First A liated Hospital, Sun Yat-sen Uni-
versity, No. 58 Zhongshan Il Road, Yuexiu District, Guangzhou 510080, China.

3 Department of Ultrasound, The First A liated Hospital, Sun Yat-sen Univer-
sity, No. 58 Zhongshan Il Road, Yuexiu District, Guangzhou 510080, China.

Received: 5 March 2019 Accepted: 4 June 2019
Published online: 15 June 2019

References

1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease—meta-analytic
assessment of prevalence, incidence, and outcomes. Hepatology.
2016;64.73-84.

2. Wiktor SZ, Hutin YJ. The global burden of viral hepatitis: better estimates
to guide hepatitis elimination e orts. Lancet. 2016;388:1030-1.

3. Wong VW, Wong GL, Chu WC, Chim AM, Ong A, Yeung DK, et al. Hepatitis
B virus infection and fatty liver in the general population. J Hepatol.
2012;56:533-40.

4. Konerman MA, Walden P, Joseph M, Jackson EA, Lok AS, Rubenfire M.
Impact of a structured lifestyle programme on patients with metabolic
syndrome complicated by non-alcoholic fatty liver disease. Aliment
Pharmacol Ther. 2019:49:296-307.

5. Yu MW, Lin CL, Liu CJ, Yang SH, Tseng YL, Wu CF. Influence of metabolic
risk factors on risk of hepatocellular carcinoma and liver-related death
in men with chronic hepatitis B: a large cohort study. Gastroenterology.
2017;153:1006-17.

6. LiY,ZhaoY,Wu J. Serum HBV surface antigen positivity is associated
with low prevalence of metabolic syndrome: a meta-analysis. PLoS ONE.
2017;12:€0177713.

7. Petersen MC, Shulman GI. Mechanisms of insulin action and insulin resist-
ance. Physiol Rev. 2018;98:2133-223.

8. ShenY, ZhangJ, Cai H, Shao JG, Zhang YY, Liu YM, et al. Identifying
patients with chronic hepatitis B at high risk of type 2 diabetes mellitus:
a cross-sectional study with pair-matched controls. BMC Gastroenterol.
2015;15:32.

9. LuJ, Hou X TuH,Tang Z, Xiang Y, Bao Y, et al. Chronic hepatitis B virus
infection status is more prevalent in patients with type 2 diabetes. J
Diabetes Investig. 2017;8:619-25.

10. HongYS, Chang Y, Ryu S, Cainzos-Achirica M, Kwon MJ, Zhang Y, et al.
Hepatitis B and C virus infection and diabetes mellitus: a cohort study. Sci
Rep. 2017;7:4606.

11. Mavrogiannaki A, Karamanos B, Manesis EK, Papatheodoridis GV, Koskinas
J, Archimandritis AJ. Prevalence of glucose intolerance in patients with

12.

13.

14,

15.

16.

17.

18.

19.

20.

AR

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

Page 12 of 13

chronic hepatitis B or C: a prospective case—control study. J Viral Hepat.
2009;16:430-6.

Lee JG, Lee S, Kim YJ, Cho BM, Park JS, Kim HH, et al. Association of
chronic viral hepatitis B with insulin resistance. World J Gastroenterol.
2012;18:6120-6.

Li M, Zhang S,Wu Y, Ye J, Cao X, Liu J, Sun Y, Zhong B. Prevalence of insulin
resistance in subjects with nonalcoholic fatty liver disease and its predic-
tors in a chinese population. Dig Dis Sci. 2015;60:2170-6.

Fan JG, Kim SU, Wong VW. New trends on obesity and NAFLD in Asia. J
Hepatol. 2017,67:862-73.

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,

et al. Diagnosis and management of the metabolic syndrome: an Ameri-
can Heart Association/National Heart, Lung, and Blood Institute Scientific
Statement. Circulation. 2005;112:2735-52.

Park S, Buranakitjaroen P, Chen CH, Chia YC, Divinagracia R, Hoshide S,
HOPE Asia Network, et al. Expert panel consensus recommendations for
home blood pressure monitoring in Asia: the Hope Asia Network. J Hum
Hypertens. 2018;32:249-58.

Ding R, Ye P, Zhao S, Zhao D, Yan X, Dong Y, et al. E ect of physician char-
acteristics and knowledge on the quality of dyslipidemia management
and LDL-C target goal achievement in China: subgroup analysis of the
Dyslipidemia International Study. J Glob Health. 2017;7:020702.

Yu KH, Chen DY, Chen JH, Chen SY, Chen SM, Cheng TT, et al. Manage-
ment of gout and hyperuricemia: multidisciplinary consensus in Taiwan.
Int J Rheum Dis. 2018;21:772-87.

Dong Z, LuoY, Zhang Z, Cai H, Li Y, Chan T, et al. MR quantification of total
liver fat in patients with impaired glucose tolerance and healthy subjects.
PL0S ONE. 2014;9:€111283.

Caussy C, Alquiraish MH, Nguyen P, Hernandez C, Cepin S, Fortney LE,

et al. Optimal threshold of controlled attenuation parameter with MRI-
PDFF as the gold standard for the detection of hepatic steatosis. Hepatol-
ogy. 2018;67:1348-59.

Lin SC, Heba E, Wolfson T, Ang B, Gamst A, Han A, et al. Noninvasive
diagnosis of nonalcoholic fatty liver disease and quantification of liver

fat using a new quantitative ultrasound technique. Clin Gastroenterol
Hepatol. 2015;13:1337-45.

Jayakumar S, Middleton MS, Lawitz EJ, Mantry PS, Caldwell SH, Arnold H,
et al. Longitudinal correlations between MRE, MRI-PDFF, and liver histol-
ogy in patients with non-alcoholic steatohepatitis: analysis of data from a
phase Il trial of selonsertib. J Hepatol. 2019;70:133-41.

Zheng J, Guo H, Zeng J, Huang Z, Zheng B, Ren J, et al. Two-dimensional
shear-wave elastography and conventional US: the optimal evaluation of
liver fibrosis and cirrhosis. Radiology. 2015;275:290-300.

Rosso C, Mezzabotta L, Gaggini M, Salomone F, Gambino R, Marengo

A etal. Peripheral insulin resistance predicts liver damage in non-
diabetic subjects with nonalcoholic fatty liver disease. Hepatology.
2016;63:107-16.

Samuel VT, Shulman GI. The pathogenesis of insulin resistance: integrat-
ing signaling pathways and substrate flux. J Clin Invest. 2016;126:12-22.
Joo EJ, Chang Y, Yeom JS, Cho YK, Ryu S. Chronic hepatitis B virus infection
and risk of dyslipidaemia: a cohort study. J Viral Hepat. 2019;26:162-9.
Zhu C, Zhu H, Song H, Xu L, Li L, Liu F, Liu X. Hepatitis B virus inhibits the
in vivo and in vitro synthesis and secretion of apolipoprotein C3. Lipids
Health Dis. 2017;16:213.

Wang FB, Zhu CL, Liu X, Gao GS. HBV inhibits apoB production via the
suppression of MTP expression. Lipids Health Dis. 2011;10:207.

Chen JY, Wang JH, Lin CY, Chen PF, Tseng PL, Chen CH, et al. Lower preva-
lence of hypercholesterolemia and hyperglyceridemia found in subjects
with seropositivity for both hepatitis B and C strains independently. J
Gastroenterol Hepatol. 2010;25:1763-8.

Liu PT, Hwang AC, Chen JD. Combined e ects of hepatitis B virus infec-
tion and elevated alanine aminotransferase levels on dyslipidemia.
Metabolism. 2013;62:220-5.

Dongiovanni P, Stender S, Pietrelli A, Mancina RM, Cespiati A, Petta S, et al.
Causal relationship of hepatic fat with liver damage and insulin resistance
in nonalcoholic fatty liver. J Intern Med. 2018;283:356-70.

Dunkley AJ, Charles K, Gray LJ, Camosso-Stefinovic J, Davies MJ, Khunti

K. E ectiveness of interventions for reducing diabetes and cardiovascu-
lar disease risk in people with metabolic syndrome: systematic review
and mixed treatment comparison meta-analysis. Diabetes Obes Metab.
2012;14:616-25.



Ye et al. Diabetol Metab Syndr (2019) 11:45

33.

34.

Zafar M, Mills KE, Zheng J, Peng MM, Ye X, Chen LL. Low glycaemic index
diets as an intervention for obesity: a systematic review and meta-analy-
sis. Obes Rev. 2019;20:290-315.

Jelleyman C, Yates T, O’'Donovan G, Gray LJ, King JA, Khunti K, Davies MJ.
The e ects of high-intensity interval training on glucose regulation and
insulin resistance: a meta-analysis. Obes Rev. 2015;16:942—61.

Page 13 of 13

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional a liations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC






