SCIENTIFIC REPLIRTS

Non-alcoholic fatty liver disease
is an influencing factor for the
~association of SHBG with metabolic
e’ syndrome in diabetes patients

Published online: 06 N ber 2017 : . . . . . . .
ublished ontine ovember - Xiaomin Hua™?, Man Li%, Fenghui Pan?, Yunyun Xiao', Wenxia Cui* & Yun Hu'?

. Metabolic syndrome (MS) and non-alcoholic fatty liver disease (NAFLD) have been identified as risk

: factors affecting serum sex hormone binding globulin (SHBG) levels. We conducted this cross-sectional
study to delineate whether MS or NAFLD has more impact on circulating SHBG levels in type 2 diabetes
(T2D) patients. Anthropometric and biochemical parameters including serums SHBG, testosterone
(TT), liver enzymes, lipids, insulin, C-peptide and plasma glucose were measured. Regardless of the MS
status, SHBG level was significantly lower in NAFLD patients than in non-NAFLD patients (P < 0.001).
In the multiple linear regression analysis, lower serum SHBG level was strongly correlated with a higher
incidence of NAFLD, but not MS components. In logistic regression analyses, after adjusted for age,

. sex, duration of diabetes, smoking status, and alcohol use, the ORs and 95%Cl for presence of MS

: was 2.26 (95%Cl 1.91-2.68) and for presence of NAFLD was 6.36 (95%Cl 4.87-8.31) with per one SD

. decrease in serum SHBG (both P < 0.001). In conclusion, lower serum SHBG is associated with a higher
prevalence of NAFLD, compared with MS and other metabolic disorders, in T2D patients. NAFLD might
be an important influencing factor for the association of circulating SHBG with MS in T2D patients.

. Sex hormone binding globulin (SHBG) is a glycoprotein made primarily in the liver! and is well known as a

. transporter of sex steroids and regulates their bioavailability at tissue levels?. Epidemiological studies have found

. that serum SHBG level is altered in metabolic disorders, such as abdominal obesity, dyslipidemia, and insulin
resistance>*. Low serum SHBG has been considered as an independent predictive factor for metabolic syndrome

. (MS)>S. However, several studies have highlighted the relationship between low SHBG with fatty liver. Our pre-

. vious study has found that low serum SHBG, but not androgen, is independently associated with non-alcoholic
fatty liver disease (NAFLD) in T2D patients’. A 9-month lifestyle interventional study has reported a significant

. correlation between magnetic resonance (MR) measured liver fat content and serum SHBG levels, but the rela-

: tionship is independent of the changes in total body fat or abdominal fat mass®. Furthermore, a cross-sectional

© study has observed a significant association between the hepatic fat accumulation and circulating SHBG levels in

* men and premenopausal women, but no association between circulating SHBG and MS was observed’. However,

. whether MS or NAFLD has more impact on circulating SHBG levels has not been addressed.

' MS and NAFLD share many metabolic abnormalities in glucose and lipid metabolism!°. Subjects with MS are
usually with a high presence of NAFLD than those without MS!!. Meanwhile, many common metabolic disorders
of MS and NAFLD have been identified as factors tightly related to SHBG>*. Therefore, the association between
serum SHBG, MS and NAFLD is complex.

: A better elucidation for the association between serum SHBG with MS and NAFLD would help to understand

. their pathogenesis. Since SHBG is predominantly produced and regulated in the hepatocytes'>!* and its overex-

- pression in NAFLD mouse models has been recently found to modulate hepatic lipogenesis'*, we have reasoned

: that the apparent relationship between serum SHBG and MS may be mainly driven by the association of SHBG
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with NAFLD. Towards that end, we conducted this study aiming to delineate the relationship of serum SHBG
with MS and NAFLD in T2D patients.

Subjects and Methods

Subjects and research design.  This study was approved by the ethical committee of Nanjing Drum Tower
hospital. Written informed consents were provided by all subjects prior to this study. All methods were performed
in accordance with the ethical standards of the responsible committees for human experimentation and with the
WMA Declaration of Helsinki. T2D patients who visited the Nanjing Drum Tower Hospital between September
2009 and December 2015 were sequentially enrolled into this retrospective study. T2D was defined based by
World Health Organization (WHO) 1999 diagnostic criteria as fasting plasma glucose >7.0 mmol/l or 2-h plasma
glucose >11.1 mmol/1'°. We excluded the subjects with acute or severe chronic diabetes complications, acute or
chronic infections, hypo/hyperthyroidism, renal dysfunction, excessive alcohol consumption (men >30g/day,
women >20 g/day), autoimmune hepatitis or chronic viral liver disease, cholestasis or other metabolic/genetic
liver disease, and the histories of taking corticosteroids, hormone, antiretroviral or anticancer drugs. A total of
1001 patients [608 males and 393 females; age: 58.5 £ 13.6 years-old (mean + standard deviation (SD)), mean
duration of diabetes: 8.6 £ 7.5 years] were enrolled into the study. Of them, 198 were newly diagnosed as T2D
according to the WHO criteria, 425 received oral hypoglycemic medicines, 181 received insulin therapy and 197
received both medications.

Diagnose of NAFLD. Diagnose of NAFLD was based on abdominal ultrasound performed by experienced
ultra-sonographer after excluding other causes of chronic liver disease and excessive alcohol consumption as
detailed above. Hepatic steatosis was diagnosed according to the following ultra-sonographic criteria: abnor-
mal intensity and high-level echoes from the hepatic parenchyma, depths of echo penetration into of the liver,
liver-kidney differences in echo amplitude and blurred liver vessel structure and abnormal visualization of
diaphragm!®.

Definitions of metabolic syndrome. MS was diagnosed according to the 2005 IDF criteria'’: (1) abdom-
inal obesity (waist circumference >90 cm for Asian men or >80 cm for Asian women); (2) at least two of the
following four components: 1) triglycerides >150 mg/dl (1.7 mmol/L), or specific treatment for this lipid abnor-
mality; 2) HDL cholesterol <40 mg/dl (1.03 mmol/L) for men or <50 mg/dl (1.29 mmol/L) for women, or spe-
cific treatment for this lipid abnormality; 3) systolic/diastolic blood pressure >130/85 mmHg or receiving drug
treatment; and 4) fasting plasma glucose >100 mg/dl (5.6 mmol/L), or previously diagnosed T2D or receiving
treatment.

In order to determine the relationship of SHBG with the complexity of MS, we divided patients into five sub-
groups, MS1, MS2, MS3, MS4, and MS5, according to the number of MS components (MS score).

Anthropometric and biochemical measurements. Anthropometric parameters of height, weight and
waist circumference (WC) were measured using standard equipment and techniques. Blood was drawn in the
morning after a 12-h overnight fast and was analyzed for alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), gamma-glutamyl transpeptidase (GGT), total cholesterol (TC), triglycerides (TG), high density
lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), fasting plasma glucose (FPG, glu-
cose oxidize technique method), glycosylated haemoglobin (HbA1c, high-performance liquid chromatography),
fasting serum insulin (F-INS), fasting C-peptide (F-CP), total testosterone (TT), and serum SHBG (Siemens
healthcare Diagnostics Products limited, Bad Nauheim, Germany) at the central clinical laboratory of the hospi-
tal. Body mass index (BMI) was calculated as weight (in kilograms) divided by the square of height (in meters).
The insulin resistance was calculated using the homeostasis model assessment method (HOMA-IR = fasting insu-
lin*fasting glucose/22.5)'8.

Statistical analysis. Continuous data were expressed as means 4 SD or standard error of the mean (SEM).
Categorical data were expressed as percentages. Variables not normally distributed were log-transformed before
analyses. Continuous data were tested with independent samples t-test or Mann-Whitney U test, as appropri-
ate. Categorical variables were tested with Pearson x*-test. One-way analysis of variance (ANOVA) followed by
Bonferroni post hoc test was used to compare the difference of SHBG between NAFLD and non-NAFLD groups
and MS score subgroups. Relationships between SHBG and metabolic parameters were performed using partial
correlation analysis adjusted for age and sex. Multiple linear regression models were conducted for the independ-
ent variables which significantly related to SHBG in univariate analysis before. The binary logistic regression
analyses were used to determine the effects of decreasing serum SHBG levels on prevalence of MS and NAFLD.
Potential confounding factors such as age, sex, duration of diabetes, smoking status, alcohol use, BMI, WC, GGT,
TG, HDL-C, HOMA-IR and TT, which have been reported in researches to influence MS and NAFLD incidence
were taken into consideration in different adjustment models. The results were expressed as odds ratios (OR) and
95% confidence intervals (CI). All statistical analyses were performed using SPSS 20.0 software (SPSS, Chicago,
IL, USA). P-value of <0.05 was considered statistically significant.

Data availability. The datasets generated during and/or analysed during the current study are available from
the corresponding author on reasonable request.

Results

Baseline characteristics of T2D patients with and without NAFLD. According to ultrasonic diagno-
sis, all T2D patients were divided into NAFLD group (n =453, age: 54.60 & 12.92 years) and non-NAFLD group
(n=1548, age: 61.75+13.29 years). 71.9% (n=326) patients were diagnosed with MS in NAFLD group, and
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non-NAFLD (n=>548) NAFLD (n=453) Pvalue
Sex (Male/Female) | 306/242 302/151 0.001
MS (%) 220 (40.1%) 326 (71.9%) <0.001
Age (year) 61.75+13.29 54.60+12.92 <0.001
Duration (year)* 10.30£7.74 6.67+6.79 0.005
BMI (kg/m?) 23.61£2.86 26.57£3.26 <0.001
WC (cm) 88.10£9.27 95.60+£9.53 <0.001
ALT (U/L)* 20.16£12.05 31.79+£22.38 <0.001
AST (U/L)* 19.344+7.37 23.76 £13.22 <0.001
GGT (U/L)* 23.76£19.53 39.18+29.12 <0.001
TG (mmol/L)* 1444117 2.47+£1.92 <0.001
TC (mmol/L) 443+1.10 4.55+£1.20 0.106
HDL-C (mmol/L) 1.1440.33 0.94£0.27 <0.001
LDL-C (mmol/L) 2.38+£0.79 2.35+£0.81 0.606
FPG (mmol/L) 8.18+3.57 9.04+3.56 <0.001
HbAlc (%) 9.28£2.50 9.33+£2.02 0.723
F-INS (mU/L)* 9.28+8.85 11.2149.30 <0.001
FCP (pmol/L) 602.99 +370.51 893.71 £443.84 <0.001
HOMA-IR 329+1.37 4.45+2.15 <0.001
SHBG (nmol/L) 42.544+17.17 23.94+10.64 <0.001
Male 39.60+14.83 22.64£9.67 <0.001
Female 46.25+19.13 26.57+£11.97 <0.001

Table 1. Comparison of Baseline Characteristics between NAFLD and non-NAFLD groups. NAFLD, non-
alcoholic fatty liver disease; MS, metabolic syndrome; BMI, body mass index; WC, waist circumstance; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; TG,
triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; F-INS, fasting insulin, F-CP,
fasting C-peptide, HOMA-IR, homeostasis model assessment index of insulin resistance; SHBG, sex hormone-
binding globulin. Date were presented as means = standard deviation (SD) or proportion. Continuous data
with normally distribution were tested by the independent samples t-test. *Continuous date without normally
distribution were tested by the Mann-Whitney U test.

40.1% (n=220) patients were diagnosed with MS in non-NAFLD group. Variables of BMI, WC, ALT, AST, GGT,
TG, FPG, F-INS, fasting C-peptide, and HOMA-IR in the NAFLD group were significantly higher, compared with
the non-NAFLD group (all P < 0.001). On the contrary, HDL-C in the NAFLD group was significantly lower than
that in the non-NAFLD group (P < 0.001) (Table 1).

Association of SHBG levels with MS components in patients with and without NAFLD. To
determine the association of SHBG with MS status, we divided all study subjects into groups with or without
MS and divided them into five subgroups from M1 to M5 according to the number of metabolic components.
As shown in Fig. 1A, SHBG levels in NAFLD group were significantly lower than that in the non-NAFLD group,
with ~45.8% and ~39.9% decline in non-MS and MS subgroups [non-MS group: 44.38 £ 0.80 vs. 24.04 +1.29
(mean &+ SEM) nmol/L; MS group: 39.79 £ 0.98 vs. 23.91 £ 0.83 nmol/L; both P < 0.001]. However, the difference
of serum SHBG levels between MS and non-MS subgroups was only statically significant in non-NAFLD group
(P=0.002), but not in NAFLD group (P> 0.05) (Fig. 1A). This analysis shows that the NAFLD condition con-
tributed more to the SHBG reduction (~43% decrease) in both non-MS and MS patients, whereas the MS status
contributed to a less degree of SHBG reduction (~10.3%) in non-NAFLD patients (Fig. 1A).

With the number of MS components increasing, serum SHBG levels decreased, with the linear trend statically
significant in non-NAFLD group (P for linear trend <0.001, one-way ANOVA), but not in NAFLD group (P for
linear trend =0.059, one-way ANOVA). Mean levels of SHBG in each MS score subgroups of non-NAFLD were
significantly higher than those in NAFLD (P < 0.001) (Fig. 1B).

Correlation of serum SHBG with metabolic variables and sex hormones. Correlation analyses
showed that, after adjusted for age and sex, serum SHBG levels were negatively associated with BMI, WC, ALT,
GGT, TG, FPG, F-INS, fasting C-peptide, HOMA-IR, and positively associated with HDL-C (P < 0.05), whereas
serum SHBG levels were not related to AST, TC, LDL-C or HbAlc (P >0.05) (Supplementary Table S1).

Factors found to be significantly associated with SHBG in the above correlation analysis were further analyzed
for relative significance in multiple linear regression models. As a result, after adjustment for age, sex, BMI, WC,
GGT, TG, HDL-C, HOMA-IR, and TT, the association between serum SHBG levels and MS scores reached a
statistical significance with standardization coefficient (3) and 95% confidence interval (CI) was —0.165 (95%CI
—0.241, —0.088) (P=0.007). When NAFLD being added into this regression model as an independent variable, a
strong correlation was found between lower serum SHBG levels and higher NAFLD incidence with 3 and 95%CI
was —0.295 (95%CI —0.352, —0.239) (P < 0.001). Nevertheless, in this model, no independent relationship was

SCIENTIFICREPORTS |7: 14532 | DOI:10.1038/s41598-017-15232-9 3



www.nature.com/scientificreports/

 mMs1
A P<0.001 o nonms  E 0 ms2
— non- 60- trend P<0.001 Ms3
60+ P<0.001 = Vs *l ) B Ms4
P=0.002 T . WSS
) - ;: * trend P>0.05
-
< = —_—
£ “ 2“1
c =
= P>0.05 =
) — )
+ +
% 20 § 204
bl 7]
0 T T 0
non-NAFLD NAFLD M M2 M3 M4 M5 M1 M2 M3 M4 M5

non-NAFLD NAFLD

Figure 1. (A) Comparison of serum SHBG (sex hormone-binding globulin) in NAFLD (non-alcoholic fatty
liver disease) and non-NAFLD groups, MS (metabolic syndrome) and non-MS subgroups. (B) Comparison
of serum SHBG according to the MS score (number of MS components, M1-M5) between NAFLD and non-
NAFLD groups. ¥*P < 0.001, non-NAFLD vs. NAFLD. Linear trend in the mean level of SHBG by increased
MS score in non-NAFLD group (trend P < 0.001, one-way analysis of variance (ANOVA)) and NAFLD group
(trend P=0.059, one-way ANOVA). Date were expressed as means =+ standard error (SEM).
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Figure 2. Multiple linear regression analysis between SHBG and metabolic variables. Dependent variable:
SHBG (sex hormone-binding globulin). Independent variables: age, sex, NAFLD (non-alcoholic fatty liver
disease), MS score (number of metabolic syndrome components), BMI (body mass index), WC (waist
circumstance), GGT (gamma-glutamyl transpeptidase), TG (triglycerides), HDL-C (high density lipoprotein
cholesterol), HOMA-IR (homeostasis model assessment index of insulin resistance), TT (total testosterone). (3:
standardized coeflicients. *P < 0.05, **P < 0.01.

found between the serum SHBG level and MS scores with 3 and 95%CI was —0.081 (95%CI —0.183, 0.021)
(P=0.057) (Fig. 2).

Independent relationship between low serum SHBG and presence of MS/NAFLD. Binary logis-
tic regression analyses were used to determine the effects of decreased serum SHBG levels on the incidence states
of either MS or NAFLD. To illustrate the independent relationship between serum SHBG and MS/NAFLD, we
conducted the following adjustment models to eliminate the potential confounders. In model a, after adjusted for
age, sex, duration of diabetes (quartiles), smoking status, and alcohol use, the ORs and 95%CI for presence of MS
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Figure 3. Decrease of SHBG has a larger impact on the presence of NAFLD than MS. The odds ratios (ORs)
and 95% confidence intervals (CI) for presence of MS (metabolic syndrome) and NAFLD (non-alcoholic
fatty liver disease) with per one standard deviation (SD) decrease in SHBG (sex hormone-binding globulin)
(SD=17.27 nmol/L). Model a: adjusted for age, sex, duration of diabetes (quartiles), smoking status, alcohol
use; Model b: adjusted for a4+ BMI (body mass index), WC (waist circumstance), GGT (gamma-glutamyl
transpeptidase, log-transformed), TG (triglycerides), HDL-C (high density lipoprotein cholesterol), HOMA-
IR (homeostasis model assessment index of insulin resistance); Model c: adjusted for Model b+ TT (total
testosterone, log-transformed).

was 2.26 (95%CI 1.91, 2.68) and for presence of NAFLD was 6.36 (95%CI 4.87, 8.31) with per one SD decrease
in serum SHBG (SD =17.27 nmol/L) (both P < 0.001). In model b, with further adjustment for BMI, WC, GGT
(log-transformed), TG, HDL-C, and HOMA-IR, the SHBG related ORs for presence of both MS and NAFLD
decreased slightly (P=0.001 for MS, P < 0.001 for NAFLD). Moreover, the additional adjustment for total testos-
terone (log-transformed) in model ¢ did not obviously influent the related ORs of Model b. The related ORs and
95%ClI for MS was 1.91 (95%CI 1.30, 2.81) (P=0.001) and for NAFLD was 5.23 (95%CI 3.75, 7.27) (P < 0.001)
(Fig. 3). Thus, the decrease of SHBG exerts a larger impact on the presence of NAFLD than MS.

Discussion

In the present study, we provide evidence that NAFLD is an influencing factor for the association of serum SHBG
with MS in T2D patients. Firstly, low circulating SHBG is prevalent in NAFLD than in non-NAFLD patients,
regardless of the MS status. Secondly, although circulating SHBG levels are associated with scores of MS in T2D
patients, the association is no longer significant when NAFLD is included in the study. Thirdly, the decrease of
circulating SHBG has a larger impact on the presence of NAFLD than MS.

Our finding is in agreement with a population-based cohort study by Flechtner-Mors et al.’. In their study,
ultrasound diagnosed fatty liver was shown to exert a significant influence on serum SHBG concentrations in
men and in premenopausal women, while no association between serum SHBG and metabolic syndrome was
found. Besides, our data support that fatty liver is perhaps an influencing factor for the association of serum
SHBG level with MS in that when the parameter of NAFLD was added into our linear regression model, the
association turned to be no longer statistically significant. This clinical finding is also supported by the animal
study by Selva et al.'? that SHBG production is down-regulated in fatty liver due to the reduced expression of
HNF-4a.

We also provide evidence that SHBG is more closely associated with NAFLD than MS. Although the result
showed a correlation between SHBG and MS status, we found that the NAFLD condition contributed more to
the lower SHBG, for that even in patients with all the five MS components, serum SHBG level was still higher in
non-NAFLD group than that in NAFLD group (Fig. 1). Furthermore, with per SD decrease of serum SHBG, the
OR:s for presence of NAFLD increased 5.1-6.3 folds, compared to 1.8-2.2 folds for MS. Association of SHBG with
MS has been observed in many studies where NAFLD is not separated from MS*°. Our study provides an expla-
nation for the association in that large percentage of MS patients coexist with NAFLD and that NAFLD and MS
share with impaired insulin sensitivity and lipid dyslipidemia'®?. Since the association is independent of many
known confounding factors such as obesity, insulin resistance, and lipid disorders, it indicates that the association
of SHBG with those metabolic traits is probably a consequence of NAFLD on SHBG levels (Fig. 2).

Several studies have highlighted the significance of testosterone deficiency in pathogenesis of hepatic stea-
tosis?h22, but these studies have not assessed the effect of SHBG on this association. Our studies indicated that
serum SHBG, but not testosterone, is associated with fatty liver or other metabolic disorders. The mechanism for
the link between NAFLD and SHBG level remains to be further illustrated®. Saez-Lopez et al.'* recently showed
that SHBG plays a suppressive role in hepatic lipogenesis in that SHBG overexpression in NAFLD mouse model
ameliorates liver fat accumulation. Hence, there appears a vicious feedback between NAFLD and SHBG in the
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liver: fat accumulation suppresses SHBG production and the resulting lower SHBG results in fat accumulation.
More studies in this respect may lead to new therapeutic approach for NAFLD.

Conclusions

The current study shows that serum SHBG is significantly associated with metabolic disorders of abdominal obe-
sity, liver enzyme, blood lipids, and insulin resistance. However, SHBG levels are significantly lower in NAFLD
patients than in non-NAFLD patients regardless of the MS status. Lower serum SHBG is more associated with a
higher prevalence of NAFLD, compared with MS and other metabolic disorders. Hence, the reduction of SHBG
level in MS and T2D subjects is probably driven by fatty liver.
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