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Introduction: To explore serum zinc-02-glycoprotein (ZAG) and adiponectin in metaboli-
cally healthy non-obese (MHNO), metabolically healthy obesity (MHO), metabolically
abnormal obesity (MAO) and metabolically abnormal diabetic obese (MADO) subjects
and the relationship with metabolically phenotypes of obesity.

Methods: Two hundred twenty-five subjects including 32 with MHNO, 40 with MHO, 104
with MAO and 49 with MADO were enrolled. Baseline clinical data and biochemical
variables were collected. Serum ZAG and adiponectin levels were measured by enzyme-
linked immunosorbent assay (ELISA) kits. Metabolically healthy (<3 metabolic abnormal-
ities) or abnormal (>3 metabolic abnormalities) subjects were classified based on the
National Cholesterol Education Program—Adult Treatment Panel IIT (NCEP/ATP III) criteria.
Obesity (body mass index >28 kg/m?) was recommended by China Obesity Task Force.
Results: Serum ZAG levels were higher in the MHO group, but were progressively lower in
MAO and MADO groups (P all<0.05). In all subjects, total cholesterol, 2-hour postprandial
blood glucose and homeostasis model assessment of adiponectin were independent variables
to serum ZAG levels. Compared with subjects in the highest tertile of ZAG, the odds ratio
(OR) of metabolically abnormal risks of subjects in the lowest and median tertiles of ZAG
were higher both in a univariate and three adjustment models (P all<0.05). Serum ZAG could
discriminate the metabolically abnormal phenotype with receiver operating characteristic
(ROC) curve area of 0.622 (95% CI, 0.539-0.706, P<0.05). Combination of ZAG and
adiponectin had improved diagnosis value accuracy, with ROC curve area of 0.703 (95%
CI, 0.629-0.776, P<0.05), and 62.7% sensitivity and 73.6% specificity.

Conclusion: Serum ZAG levels were higher in MHO subjects, but lower in MAO and
MADO subjects. The decreased serum ZAG levels were closely related to the metabolically
abnormal phenotype of obese patients. Serum ZAG, especially the combination with adipo-
nectin might be the potential diagnostic biomarkers for metabolically abnormal obese
patients.

Keywords: zinc-a2-glycoprotein, ZAG, metabolically healthy non-obese, MHNO,
metabolically healthy obese, MHO, metabolically abnormal obese, MAO, metabolically
abnormal diabetic obese, MADO

Introduction

Obesity has been well known as a severe global health threat. As estimated by
reports, the number of obese people has grown more than doubled in the past 30
years.' Although obesity is traditionally accompanied by metabolic comorbidities,
such as type 2 diabetes mellitus (T2DM), dyslipidemia, hypertension, which
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eventually leads to greater cardiovascular and all-cause

mortality rates and shorter life expectancy,”

increasing
literatures show that some obese people present with
a relatively metabolic healthy profile and have been
named as the metabolically healthy obesity (MHO). The
MHO phenotype was firstly described by Andres et al in
the 1980’s” and now accounted for up to 18-44% of the
total obese people.® Previously studies have shown that
after a follow-up of 7-15 years or even 30 years, the
cardiovascular events, cancer risks and all-cause mortality
rates were significantly lower in MHO than that in meta-
bolically abnormal obesity (MAO) subjects.” "' Notably,
MHO is dynamic instead of static, according to the data
reported by the prospective North West Adelaide Health
Study, after 5.5 to 10.3 years of follow-up, nearly a third of
MHO people at baseline transformed to the MAO
phenotype.'?> Therefore, it is essential to elucidate the
mechanisms that could explain the progression from
MHO to MAO. Additionally, to identify new biomarkers
that may help to discriminate MHO and MAO subjects
have great clinical significance.

In recent years, adipose tissue is increasingly being
well documented as a functional endocrine organ capable
of producing several adipokines, including adiponectin,
leptin, tumor necrosis factor alpha, resistin, etc.'> A large
number of studies have demonstrated that the disturbance
of these adipokines could contribute to systemic metabolic
perturbations, including hypertension, hyperlipidemia,
T2DM and cardiovascular disease, and thus exert impor-
of

obesity."*!> For instance, Ahl et al studied in a total of

tant roles in determining the metabolic status
2486 Westerners found that serum adiponectin levels were
markedly higher in metabolically healthy individuals than
that in metabolically unhealthy individuals, and adiponec-
tin might exert a key role in differentiating the metaboli-
cally healthy vs unhealthy subjects independent of
obesity.'® Consequently, though the underlying mechan-
isms that could explain the progression from MHO to
MAO are largely unknown, the dysregulated adipokines
might be one of the key factors, and the measurements of
serum adipokine levels might be helpful for evaluating the
subclinical metabolic abnormalities.

Zinc-02-glycoprotein (ZAG) is a new adipokine which
was found to be expressed in mouse and human adipose

1719 secreted by human adipocytes.20

tissues and
Previously animal studies have demonstrated that ZAG
over-expression ob/ob and high fat diet induced obese

mice showed marked reductions in body weight and in

body fat mass,'®!'?*! while ZAG deficient mice exhibited
more body weight on both standard and high fat dietary
regimens.*” In human subjects, serum ZAG was patholo-
gically decreased in overweight/obese subjects, and was
negatively related to body weight, body mass index (BMI),
waist circumstance (WC) and fat mass.'® More impor-
tantly, recently mounting evidence has revealed the pivotal
role of ZAG in metabolic diseases, including T2DM,*
(MetS).”
However, up to now, there is no report to investigate

hypertension”® and metabolic syndrome
serum ZAG levels in obese adults with different metabo-
lism status.

In light of the above, the purpose of our study was to
explore the changes of serum ZAG levels in obese adults
with different status of metabolism, including MHO,
MAO and metabolically abnormal diabetic obese
(MADO) subjects. In addition, the ability of serum ZAG
levels to identify subjects with different metabolically
phenotypes were also assessed.

Subjects and Methods

Subjects and Study Design

The present study included 193 obese subjects (BMI >28 kg/
m?) and 32 metabolically healthy non-obese (MHNO) con-
trols (BMI<24 kg/m?) collected from the Peking Union
Medical College Hospital (PUMCH). All the enrolled parti-
cipants met the following desired criteria: (1) the body
weight was stable in the past 3 months before the test; (2)
subjects did not take part in an overloaded exercise program
in the past 3 months before the test; (3) subjects with type 1
diabetes mellitus or its associated acute complications, sec-
ondary obesity, infectious diseases or the active stage of
autoimmune disease were excluded; (4) subjects were not
pregnant, breastfeeding or taking oral contraceptives.
Metabolically healthy was defined as having no more than
two metabolic abnormalities among the five metabolic com-
ponents based on the National Cholesterol Education
Program—Adult Treatment Panel III (NCEP/ATP III)
criteria:*® (1) WC >88 c¢m for females and >102 cm for
males; (2) systolic blood pressure (SBP) >130 mmHg and/
or diastolic blood pressure (DBP) >85 mmHg or on antihy-
pertensive treatment; (3) fasting blood glucose (FBG)
>100 mg/dL or on antidiabetic treatment; (4) triglyceride
(TG) concentrations >150 mg/dL; (5) high-density lipopro-
tein cholesterol (HDL-C) <50 mg/dL for females and
<40 mg/dL for males or on lipid-lowering treatment.
Afterward, all the obese participants were further divided
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into three groups: MHO group was defined as subjects with
BMI >28 kg/m2 and <3 metabolic abnormalities (n=40);
MAO group was defined as subjects with BMI >28 kg/m*
and >3 metabolic abnormalities (n=104); MADO group was
defined as subjects with BMI >28 kg/m” and >3 metabolic
abnormalities and newly diagnosed T2DM which based on
the American Diabetes Association (ADA) criteria®’ (n=49).
This study was conducted in accordance with the Declaration
of Helsinki. This study protocol was approved by the
PUMCH ethics committee (No. S-364) and the informed
written consent was signed by all subjects before participat-
ing in the study.

Anthropometric Measurements

Anthropometric measurements were performed in all sub-
jects with light clothing and no shoes. Height was measured
three times by using a stadiometer with the measurement
error no more than 0.1 cm. Weight was measured on vertical
personnel weighing scale, with a minimum measurement
sensitivity of 0.1 kg. BMI was calculated with an equation
that dividing weight in kilograms by height in meters
squared. WC was recorded by taking a cloth measuring
tape and running it around the midpoint of the lower ribs
and iliac crest after a normal exhalation.”® Blood pressure
was measured twice with subjects seated after at least 5 min
of rest by using mercury sphygmomanometer, the mean
value of the two measurements was recorded.

Blood Samples Collection and Laboratory

Examinations

All participants received a 2 h oral glucose tolerance test
(OGTT) with 75 g of oral glucose after 10 h overnight fast.
Vein blood samples were taken every 30 min after glucose
loading. FBG concentration, 2-hour postprandial blood glu-
cose (2hPG), 0 min, 120 min plasma glucose of OGTT,
fasting plasma insulin concentrations (FINS), free fatty acid
(FFA) serum lipid levels [total cholesterol (TC), TG, HDL-C,
low-density lipoprotein cholesterol (LDL-C)], liver function
[aspartate aminotransferase (AST), alanine aminotransferase
(ALT)] as well as kidney function [creatinine (Cr), uricemia
(Urea)] were measured by conventional automated labora-
tory methods in the clinical laboratory of PUMCH.

Serum Adipokines Measurements

Serum ZAG and adiponectin concentrations were measured
following the instructions of the human enzyme-linked
immunosorbent assay (ELISA) kits (USCN Life Science

Inc., Wuhan, China). The low limits of detection for ZAG
and adiponectin were 1.80 ng/mL and 0.069 ng/mL, respec-
tively. The intra- and inter-assay CVs were 5.04% and 8.20%
for ZAG, 4.39% and 8.26% for adiponectin.

Insulin Resistance Assessment

The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as follows: HOMA-IR=FBG
(mmol/L) x FINS (mU/L)/22.5.%° The homeostasis model
assessment of adiponectin (HOMA-AD) index was deter-
mined by using the following equation: HOMA-AD=FBG
(mmol/L) x FINS (mU/L)/[22.5 x adiponectin (ng/mL)].>°
The adipose tissue insulin resistance (Adipo-IR) was
determined by using the equation as previously reported:
Adipo-IR= FINS (pmol/L) x FFA (mmol/L).>' The quan-
titative insulin check index (QUICKI) was calculated as
follows: QUICKI= 1/[log FBG (mg/dL) + log FINS (pnU/
mL) + log FFA (mmol/L)].*?

Statistical Analysis

Data were shown as mean + standard deviation (SD) or
median with interquartile range, as appropriate. The normality
of all the data were explored by using Shapiro—Wilk normality
test and the skewed distributions were natural logarithm (In)
transformed before analysis. One-way ANOVA and Dunnett’s
T3 post hoc test were used for the comparison of continuous
parameters in different groups. Bivariate correlation analysis
was performed to explore the linear relationship between
serum ZAG, adiponectin and other variables. The stepwise
multiple linear regression analysis was applied to analyze the
independent variables that are affecting serum ZAG and adi-
ponectin levels. Logistic regression analysis was employed to
test the odds ratio (OR) and 95% confidence intervals (CI) of
serum ZAG and adiponectin for metabolically abnormal risks.
All participants were divided into tertiles based on the serum
ZAG and adiponectin levels and ORs and 95% CIs were
calculated for the lower two categories with the highest one
as a reference. We adjusted for age, gender and BMI in Model
1, and further adjusted for SBP, DBP, FBG, FINS, TC, TG,
HDL-C, LDL-C and FFA in Model 2, with further adjustment
for Cr and UA in Model 3 to exam the association between
serum ZAG and adiponectin levels and metabolically abnor-
mal risks. The receiver operating characteristic curve (ROC)
analysis was used to explore the capability of ZAG and
adiponectin to differentiate metabolically abnormal subjects
from controls. The statistical analysis was conducted by SPSS
20.0 for Windows (SPSS Inc, Chicago, IL, USA) and the data
graphing was done by using GraphPad Prism 7.0 (GraphPad
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software Inc., La Jolla, CA, USA). Statistical significance was
considered when P<0.05.

Results
General Characteristics of All the Study

Participants

The main clinical, anthropometric and biochemical parameters
of all the study participants were presented in Table 1. As
expected, obese subjects (MHO, MAO, MADO) had signifi-
cantly higher BMI, WC, SBP, DBP, TG, UA, FINS, 2hPBG,
OGTT 120 min PG, HOMA-IR, Adipo-IR, HOMA-AD, but
lower HDL-C and QUICKI when compared with subjects in
MHNO group (P all <0.05). WC, TG, UA, FBG, 2hPBG,
OGTT 0 min PG, OGTT 120 min PG, HOMA-AD were
higher, but HDL-C levels were lower in MAO and MADO
groups than those in MHO group (P all <0.05). Compared with
subjects in MAO group, FFA, FBG, 2hPBG, OGTT Omin PG,
OGTT 120 min PG, HOMA-IR, Adipo-IR, HOMA-AD were
notably higher, but QUICKI was lower in subjects in MADO
group (P all <0.05).

Serum ZAG and Adiponectin Levels in All

the Study Participants

As displayed in Table 1 and Figure 1A, serum ZAG levels
were higher in the MHO group when compared with the
MHNO group (8.44+1.14 pg/mL vs 8.02+0.98 pg/mL,
P<0.05). As the severity of metabolic abnormalities
increased, serum ZAG levels decreased gradually from the
MAO group to the MADO group, and ZAG levels were the
lowest in MADO group (7.95+0.74 pg/mL and 7.55+0.85
pg/mL vs 8.44+1.14 pg/mL, P<0.05). After further analysis
of serum ZAG levels in males and females, respectively, the
above similar change trends of ZAG levels in the four groups
still existed. However, statistical differences were only found
between the MADO group and the MHNO, MHO, MAO
groups for males (7.47+0.96 pg/mL vs 8.19+0.87 pg/mL,
8.54+1.40 pug/mL and 8.13+0.85 pug/mL, P all <0.05) (Figure
1B), and between the MHO group and the MAO and MADO
groups for females (8.34+0.84 pg/mL vs 7.76+0.56 pg/mL
and 7.66+0.68 pg/mL, P all <0.05) (Figure 1C). Additionally,
serum ZAG levels in males of the MAO group were higher
than that in females as demonstrated in Table 1 (8.13£0.85
pg/mL vs 7.76£0.56 pg/mL, P <0.05).

Inconsistent with the variation trend of serum ZAG in
four groups, serum adiponectin levels were the highest in the
MHNO group, then gradually decreased with the occurrence
of the obesity and the severity of metabolic abnormalities

increasing, although the significant differences were not
found in the comparison of MHNO and MHO groups
(19.82+6.88 pg/mL vs 19.39+£6.18 pg/mL, P>0.05) as pre-
sent in Table 1 and Figure 1D. When compared with the
MHNO group, serum adiponectin levels in the MAO and
MADO groups were notably decreased by 16.75% and
28.30%, respectively (16.50+£6.66 pg/mL and 14.21+6.27
pg/mL vs 19.82+6.88 pg/mL, P all<0.05). When compared
with the MHO group, serum adiponectin levels in the MAO
and MADO groups were notably decreased by 14.90% and
26.71%, respectively (16.50+£6.66 pg/mL and 14.21+£6.27
pg/mL vs 19.39+6.18 pg/mL, P all<0.05). Additionally,
serum adiponectin levels in the MADO group were further
lower than that in the MAO group (14.21£6.27 pg/mL vs
16.50+6.66 pg/mL, P<0.05) (Figure 1D). After further ana-
lysis of serum adiponectin levels in males and females,
respectively, the above similar variation change trends in
the four groups were still existed in females, which showing
the gradually decreased levels from the MHNO group to the
MHO, MAO and MADO groups although the significant
decrease was only found in the MADO group in comparison
with the MHNO group (16.30+£6.94 pg/mL vs 20.84+6.52
pg/mL, P<0.05) (Figure 1F). Males in both the MAO and
MADO groups had significantly lower serum adiponectin
levels than those in the MHNO (14.57+5.64 pg/mL and
12.64+5.32 pg/mL vs 18.51£7.33 pg/mL, respectively, both
P<0.05) and MHO groups (14.57+5.64 pg/mL and 12.64
+5.32 pg/mL vs 18.56+5.97 pg/mL, respectively, both
P <0.05) (Figure 1E). Further inconsistent with the variation
trend of serum ZAG in the MAO group, serum adiponectin
levels in females were found to be higher than that in males
as shown in Table 1 (18.51+7.09 pg/mL vs 14.57+5.64 pg/
mL, P<0.05).

Associations Between Serum ZAG,
Adiponectin and Anthropometric,
Biochemical Items and Insulin Resistance
Indexes in All the Study Participants

To explore correlation between serum ZAG levels and various
clinical variables, the simple bivariate correlation analysis was
performed. As presented in Table 2, in all participants, serum
ZAG levels were negatively associated with FBG (=—0.206),
2hPBG (r=—0.209), OGTT 0 min PG (r=—0.206), OGTT 120
min PG (r=—0.209), HOMA-IR (r=—0.172) and HOMA-AD
(r=0.191) (P all <0.01). In MHNO group, serum ZAG levels
were positively correlated with TC (1=0.447) (P<0.01). In
MAO group, serum ZAG levels were positively correlated
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Table 1 Demographics and Clinical Characteristics of MHNO, MHO, MAO and MADO Subjects

Characteristics MHNO MHO MAO MADO

Age (years) 45.19+8.50 45.60%7.91 47.80+9.38 49.24+6.56
Male/female (n) 14/18 20/20 53/51 28721
Anthropometric items

BMI (kg/m?) 22.36£1.66 29.85+1.55 * 30.71+£2.24 ° 30.59+1.86 *
WC (cm) 77.05%7.51 90.90+7.15 * 96.58+8.35 *° 98.66+8.40 *°
Male 81.55+5.37 94.83+5.92 * 101.29+6.88 101.94+7.88
Female 73.55£7.16 ** 86.98+6.12 ¥ 91.69+6.82 ¥ 94.27+7.07 %%
SBP (mmHg) 120.50+18.00 137.50+20.65 * 140.20+18.70 * 140.19+22.40 *
DBP (mmHg) 76.66x11.06 89.65+13.42 90.53x11.74 ° 89.90+13.32 %

Biochemical items

FINS (mU/L) #

2hPBG (mg/dL) *

OGTT, Omin PG (mg/dL)
OGTT, 120min PG (mg/dL)

3.94 (2.56, 5.30)
91.17 (80.10, 108.00)
4.96£0.35
511129

8.88 (6.24, 13.12) *
102.60 (89.10, 135.45) ®
5.16+0.32

6.16+1.66°

10.18 (6.88, 14.18) *
122.40 (103.05, 153.00) =
5.34+0.44 *°

7.04%1.76 *°

ALT (UIL) # 14.00 (10.00, 21.25) 21.00 (14.00, 29.50) 27.00 (18.00, 39.00) * 33.00 (24.00, 46.50) *°
AST (UIL) # 20.00 (17.00, 23.75) 21.50 (17.25, 25.75) 22.50 (18.00, 39.00) * 24.00 (19.50, 31.50) *
TC (mmoliL) 4.82£1.32 5.06+0.83 4974097 * 5.61+1.75 %
TG (mmolL) # 1.00 (0.69, 1.27) 1.22 (0.83, 1.57) 179 (1.30, 2.60) *° 2.51 (1.52, 3.80) *
HDL-C (mmol/L) 1.55+0.28 1.40£0.25 ° 1.14£0.26 * 1.18+0.26

Male 1.45+0.30 1.36+0.22 1.03+0.22 1.18+0.30

Female 1.63+0.24 1.43£027 ° 1.2540.25 20w 1.18+0.21 *
LDL-C (mmol/L) 2.99+1.07 3.19+0.81 3.08+0.72 327+0.92
FFA (umol/L) * 475.15 (327.18, 647.78) | 558.25 (400.33, 608.00) | 568.30 (462.20, 764.48) 871.20 (586.70, 1075.00) **
Cr (umol/L) 76411635 80.53+13.30 80.93+13.99 73.06+17.23 b
UA (umol/L) 208.27+70.74 258.36+88.76 ° 292.01£90.08 *° 304.7388.56 *°
FBG (mg/dL) 89.336.33 92.835.69 96.20+7.94 141.10436.58

11.72 (850, 17.49) *
275.40 (228.33, 306.00) **
7.8442.03 *©

16.1145.92 <

IR assessments

HOMA-IR # 0.84 (0.58, 1.23) 1.96 (1.35,2.98) * 2.44 (1.65,331)*® 437 (222, 6.14) **©
Adipo-IR # 1.98 (1.07, 2.81) 4.56 (2.86,7.84) * 5.65(3.93,8.58) * 10.79 (4.10, 17.22) <
HOMA-AD # 1.09 (0.55, 1.76) 2.32 (1.46, 4.40) * 3.66 (2.28, 5.71) *® 8.76 (2.96, 13.32) **<
QUICKI 0.48+0.11 0.39+0.05 * 0.40+0.05 * 0.330.05 **©
Adipokines
ZAG (ug/mL) 8.02+0.98 8.44x1.14* 7.95+0.74 ® 7.5510.85 *©
Male 8.19+0.87 8.54+1.40 8.13+0.85 7.47£0.96 ***
Female 7.88+1.06 8.34+0.84 7.7620.56 P+ 7.6620.68 °
Adiponectin (ug/mL) 19.82+6.88 19.39+6.18 16.5026.66 *° 14.2126.27 ¢
Male 18.51+7.33 18.56+5.97 14.5715.64 *° 12.64%5.32 *°
Female 20.84+6.52 20.23+6.43 18.51+7.09 ** 16.30+6.94 *

Notes: All the data were shown as mean * SD or median with interquartile range. *Variables were In-transformed before analysis; *P<0.05 compared with MHNO; ®P<0.05
compared with MHO; “P<0.05 compared with MAO; **P<0.01 compared with female.

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FFA, free fatty acid; Cr,
creatinine; UA, uric acid; FBG, fasting blood glucose; FINS, fasting insulin; 2hPBG, 2-hour postprandial blood glucose; OGTT, oral glucose tolerance test; PG, postprandial
glucose; HOMA-IR, homeostasis model assessment of insulin resistance; Adipo-IR, adipose tissue insulin resistance; HOMA-AD, homeostasis model assessment of
adiponectin; QUICKI, quantitative insulin check index; ZAG, zinc-a2-glycoprotein; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MAO,
metabolically abnormal obese; MADO, metabolically abnormal diabetic obese.

with TG (r=0.342) but negatively correlated with gender (=
—0.255) (P all <0.01). In MADO group, serum ZAG levels
were negatively correlated with WC (=0.321) (P<0.01)
(Table 2).

The simple correlation between serum adiponectin levels
and various clinical variables were also explored. As presented
in Table 3, in all participants, serum adiponectin levels were
positively correlated with age (1=0.179), gender (1=0.259),
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Figure | Serum ZAG/adiponectin levels in MHNO, MHO, MAO and MADO groups. (A) Serum ZAG levels of all subjects in the 4 groups (n=225). (B) Serum ZAG levels of
males in the 4 groups (n=115). (C) Serum ZAG levels of females in the 4 groups (n=110). (D) Serum adiponectin levels of all subjects in the 4 groups (n=225). (E) Serum
adiponectin levels of males in the 4 groups (n=115). (F) Serum adiponectin levels of females in the 4 groups (n=110). All values were expressed as the mean * SD.

Abbreviations: ZAG, zinc-o2-glycoprotein; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MAO, metabolically abnormal obese; MADO,

metabolically abnormal diabetic obese.

HDL-C (r=0.270) and QUICKI (r=0.375), but negatively cor-
related with BMI (=-0.233), WC (=-0.317), DBP (1=
—0.221), ALT (=0.250), TG (r=0.224), FFA (r=—0.286),
UA (r=—0.314), FINS (r=—0.347), HOMA-IR (r=—0.351) and
HOMA-AD (r=—0.558) (P all <0.01). In MHNO group, serum
adiponectin levels were negatively correlated with HOMA-
AD (r=—-0.653) (P<0.01). In MHO group, serum adiponectin
levels negatively correlated with WC (=—0.444) and HOMA -
AD (r=—0.671) (P all <0.01). In MAO group, serum adipo-
nectin levels were positively correlated with gender (r=0.297)
and QUICKI (r=0.404), but negatively correlated with DBP
(r=-0.273), UA (=0.261), FINS (r=—0.266), Adipo-IR (=
—0.300) and HOMA-AD (r=0.630) (P all <0.01). In MADO
group, serum adiponectin levels were positively correlated
with age (r=0.489) and QUICKI (r=0.410), but negatively
correlated with FINS (=—0.399), HOMA-IR (=0.383) and
HOMA-AD (r=—-0.576) (P all <0.01) (Table 3).

Stepwise Multiple Linear Regression
Analysis with Serum ZAG/Adiponectin as
the Dependent Variable in All the Study
Participants

In order to further explore the independent factors for serum
ZAG or adiponectin levels, the stepwise multiple linear regres-
sion analysis was used. As presented in Table 4, when ZAG
was considered as the dependent variable in a multiple linear

regression analysis with age, gender, BMI, WC, SBP, DBP,
TC, TG, HDL-C, LDL-C, ALT, AST, FBG, 2hPBG, FFA, Cr,
UA, FINS, OGTT 0 min, OGTT 120 min, HOMA-IR, Adipo-
IR, QUICKI and adiponectin as independent variables, TC
(p=0.223, P=0.001), 2h PBG (p=—0.201, P=0.005) and
HOMA-AD (p=—0.155, P=0.027) maintained independent
associations with serum ZAG levels. When adiponectin was
considered as the dependent variable in a linear multiple
regression analysis, age (f=0.094, P=0.042), DBP (B=
—0.115, P=0.015), UA (p=—0.127, P=0.011), HOMA-IR
(B=1.119, P<0.001), HOMA-AD (p=—1.375, P<0.001) and
QUICKI (p=0.242, P<0.001) were independently related to
serum adiponectin levels (Table 4).

Unconditional Logistic Regression
Analysis of Metabolically Abnormal Risks
According to Tertiles of ZAG/
Adiponectin in All Subjects

Then the unconditional logistic regression analysis was
used to explore the association between metabolically
abnormal risks and serum ZAG levels in all subjects. As
displayed in Table 5, after dividing all subjects into three
equal sections based on serum ZAG levels (lowest: <7.582
pg/mL; median: >7.582 to <8.283 pg/mL; highest: >8.283
pg/mL), the risks of metabolically abnormal in subjects in
the lowest and median tertiles of serum ZAG levels were
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Table 2 Correlation Analysis of Parameters Associated with Serum ZAG Levels in Study Population

Parameters Serum ZAG Levels

All () MHNO (r) MHO (r) MAO (r) MADO (r)

n=225 n=32 n=40 n=104 n=49
Age (years) -0.031 0.136 -0.077 ~0.050 0.186
Gender —0.101 —0.161 -0.090 -0.255 0.114
BMI (kg/m?) -0.024 0.393 —0.104 0.004 -0.023
WC (cm) —0.078 0.108 0.054 0.127 —-0.321
SBP (mmHg) 0.100 0.200 0.124 —0.078 0.443
DBP (mmHg) 0.127 0.299 0.131 0.048 0.278
ALT (U/L) —0.080 0.074 —0.215 0.118 —0.168
AST (U/L) -0.012 0.055 —0.149 0.097 0.060
TC (mmol/L) 0.145 0.447 0.176 0.165 0.164
TG (mmol/L) 0.049 0.256 0.207 0.342 0.129
HDL-C (mmol/L) -0.014 -0.032 -0.281 —0.188 0.135
LDL-C (mmol/L) 0.045 0.440 0.139 0.039 -0.316
FFA (umol/L) —0.025 —0.102 0.269 0.146 0.132
Cr (umol/L) 0.100 —0.009 0.060 0.126 0.000
UA (umol/L) 0.033 0.246 0.221 0.086 -0.090
FBG (mg/dL) —-0.206 0.095 0.176 —0.186 —0.070
FINS (mU/L) -0.098 0.255 0.112 0.031 -0.283
2hPBG (mg/dL) -0.209 -0.045 -0.018 -0.083 -0.014
OGTT, 0 min PG (mg/dL) —0.206 0.095 0.176 —0.186 —0.070
OGTT, 120 min PG (mg/dL) -0.209 —0.045 -0.018 —0.083 -0.014
HOMA-IR -0.172 0.253 0.137 0.013 -0.282
Adipo-IR —0.086 0.109 0.225 0.086 —0.100
HOMA-AD -0.191 0218 0.054 0.003 -0.254
QUICKI 0.041 -0.147 -0.202 -0.062 0.215
Adiponectin (ug/mL) 0.100 —0.075 —0.097 —0.013 0318

Notes: r represents correlation coefficient from Pearson’s test; Bold font means P<0.01.

Abbreviations: ZAG, zinc-a2-glycoprotein; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; FFA, free fatty acid; Cr, creatinine; UA, uric acid; FBG, fasting blood glucose; FINS, fasting insulin; 2hPBG, 2-hour postprandial blood glucose; OGTT, oral glucose
tolerance test; PG, postprandial glucose; HOMA-IR, homeostasis model assessment of insulin resistance; Adipo-IR, adipose tissue insulin resistance; HOMA-AD, home-
ostasis model assessment of adiponectin; QUICKI, quantitative insulin check index; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MAO,

metabolically abnormal obese; MADO, metabolically abnormal diabetic obese.

significantly increased, which increased by 1.406—fold
(OR=2.406, 95% CI 1.214-4.768, P=0.012) and 1.985-
fold (OR=2.985, 95% CI 1.474-6.046, P=0.002), respec-
tively, when compared to those in the highest tertile of
ZAG levels. In Model 1, after adjusting age, gender and
BMI, the ORs of metabolically abnormal of subjects with
the lowest and median tertile of serum ZAG levels were
still significantly increased compared with subjects in the
highest tertile of ZAG levels (OR=3.542, 95% CI 1.458—
8.608, P=0.005, OR=5.036, 95% CI 2.011-12.611,
P=0.001, respectively). After further adjusting SBP, DBP,
FBG, FINS, TC, TG, HDL-C, LDL-C, FFA based on
Model 1 (Model 2), and even further adjusting Cr, UA
based on Model 2 (Model 3), subjects in the lowest and
median tertile of serum ZAG levels also had significantly

higher risks of metabolically abnormal, when compared
with those in the highest tertile of ZAG levels (OR=4.877,
95% CI 1.342-17.722, P=0.016, OR=8.585, 95% CI 1.-
949-37.816, P=0.004, respectively, in Model 2;
OR=3.939, 95% CI 1.015-15.289, P=0.048, OR=9.228,
95% CI 1.941-43.863, P=0.005, respectively, in Model 3).

In addition, the associations between metabolically
abnormal risks and serum adiponectin levels in all subjects
were also explored. As shown in Table 5, after dividing all
subjects into three equal sections based on serum adipo-
nectin levels (lowest: <12.620 pg/mL; median: >12.620 to
<19.300 pg/mL; highest: >19.300 pg/mL), the risks of
metabolically abnormal in subjects in the lowest tertile of
serum adiponectin levels were significantly increased,
which increased by 4.371-fold (OR=5.371, 95% CI
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Table 3 Correlation Analysis of Parameters Associated with Serum Adiponectin Levels in Study Population

Parameters Serum Adiponectin Levels

All (r) MHNO (r) MHO (r) MAO (r) MADO (r)

(n=225) (n=32) (n=40) (n=104) (n=49)
Age (years) 0.179 0.044 0.231 0.230 0.489
Gender 0.259 0.171 0.137 0.297 0.291
BMI (kg/m?) -0.233 —0.246 —0.042 —0.124 —0.198
WC (cm) -0.317 —0.266 —0.444 —0.167 —0.158
SBP (mmHg) —0.163 —0.145 0.078 —0.215 —0.031
DBP (mmHg) -0.221 —0.150 —0.006 -0.273 —0.144
ALT (U/L) -0.250 0.124 —0.186 —0.166 -0.310
AST (U/L) —0.156 0.149 —0.127 —0.096 -0.213
TC (mmol/L) —0.164 —0.146 —0.016 —0.165 —0.102
TG (mmol/L) -0.224 —0.402 —0.344 —0.230 —0.135
HDL-C (mmol/L) 0.270 0.180 0.390 0.196 —0.015
LDL-C (mmol/L) —0.149 —0.168 —0.146 —0.113 —0.156
FFA (umol/L) —0.286 0.044 —0.253 —0.244 —0.257
Cr (umol/L) —0.156 —0.108 —0.192 —0.249 —-0.170
UA (umol/L) -0.314 —0.268 -0.215 —-0.261 —0.245
FBG (mg/dL) —0.162 0.318 0.176 0.127 —0.044
FINS (mU/L) —-0.347 —0.097 —0.099 —-0.266 -0.399
2hPBG (mg/dL) —-0.127 0.122 —0.260 0.230 0.144
OGTT, 0 min PG (mg/dL) —0.162 0.318 0.176 0.127 —0.044
OGTT, 120 min PG (mg/dL) —-0.127 0.122 —0.099 0.230 0.144
HOMA-IR —-0.351 —0.053 —0.147 —0.250 —-0.383
Adipo-IR -0.333 —0.082 —0.281 —-0.300 —0.327
HOMA-AD —0.558 —0.653 —-0.671 —-0.630 —-0.576
QUICKI 0.375 0.136 0.332 0.404 0.410
ZAG (pg/mlL) 0.100 —0.075 —0.097 —0.013 0.318

Notes: r represents correlation coefficient from Pearson’s test; Bold font means P<0.01.

Abbreviations: ZAG, zinc-a2-glycoprotein; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; FFA, free fatty acid; Cr, creatinine; UA, uric acid; FBG, fasting blood glucose; FINS, fasting insulin; 2hPBG, 2-hour postprandial blood glucose; OGTT, oral glucose
tolerance test; PG, postprandial glucose; HOMA-IR, homeostasis model assessment of insulin resistance; Adipo-IR, adipose tissue insulin resistance; HOMA-AD, home-
ostasis model assessment of adiponectin; QUICKI, quantitative insulin check index; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MAO,

metabolically abnormal obese; MADO, metabolically abnormal diabetic obese.

2.452-11.761, P<0.001), when compared to those in the
highest tertile of adiponectin levels. In Model 1, after
adjusting age, gender and BMI, the ORs of metabolically
abnormal of subjects with the lowest tertile of serum
adiponectin levels were still significantly increased com-
pared with subjects in the highest tertile of adiponectin
levels (OR=8.336, 95% CI 2.920-23.800, P<0.001). After
further adjusting SBP, DBP, FBG, FINS, TC, TG, HDL-C,
LDL-C, FFA based on Model 1 (Model 2), and even
further adjusting Cr, UA based on Model 2 (Model 3),
subjects in the lowest tertile of serum adiponectin levels
also had significantly higher risks of metabolically abnor-
mal, when compared with those in the highest tertile of
adiponectin levels (OR=8.243, 95% CI 1.642-41.393,

P=0.010, in Model 2; OR=7.883, 95% CI 1.542-40.300,
P=0.013, in Model 3).

Diagnostic Values of Serum ZAG and
Adiponectin Levels for Metabolically

Abnormal

Finally, the diagnostic values of serum ZAG and adipo-
nectin levels for metabolically abnormal were explored by
ROC curve analysis. As shown in Figure 2, the area under
ROC curve (AUC) for ZAG alone was 0.623 (95% CI
0.539-0.706, P<0.05) and for adiponectin alone was 0.674
(95% CI 0.601-0.746, P<0.05). The optimal cutoff value
for ZAG was 8.25 ng/mL, for adiponectin was 14.11 pg/
mL. The sensitivity and specificity were 50.0% and 73.2%
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Table 4 Stepwise Multiple Linear Regression Analysis with Serum ZAG/Adiponectin as the Dependent Variable in Study Population

Independent Variable Unstandardized Coefficients (B) Standardized Coefficients (f) P value

(R?=0.092) (95% CI)

Serum ZAG (R?=0.092)
Constant 7.556 (7.058-8.053) <0.001
TC 0.166 (0.069-0.263) 0.223 0.001
2hPBG —0.002 (—0.003-0.001) —0.201 0.005
HOMA-AD —0.027 (-0.051-0.003) —0.155 0.027

Serum adiponectin (R*=0.548)
Constant 12.078 (3.873-20.283) 0.004
Age 0.075 (0.003-0.147) 0.094 0.042
DBP —0.060 (—0.108-0.012) —0.115 0.015
UA —0.009 (-0.016-0.002) —0.127 0.011
HOMA-IR 3.396 (2.685—4.106) 1119 <0.001
HOMA-AD —1.750 (—2.026—1.473) —-1.375 <0.001
QUICKI 21.653 (10.642-32.663) 0.242 <0.001

Notes: The following variables were also entered into multiple regression analysis but not included in the equation, age; gender; body mass index; waist circumference;
systolic blood pressure; alanine aminotransferase; aspartate aminotransferase; triglycerides; high-density lipoprotein cholesterol; low-density lipoprotein cholesterol; free
fatty acid; creatinine; fasting blood glucose; fasting insulin; oral glucose tolerance test 0 min postprandial glucose; oral glucose tolerance test 120 min postprandial glucose;

adipose tissue insulin resistance.

Abbreviations: Cl, confidence intervals; TC, total cholesterol; 2hPBG, 2-hour postprandial blood glucose; HOMA-AD, homeostasis model assessment of adiponectin; DBP,
diastolic blood pressure; UA, uric acid; HOMA-IR, homeostasis model assessment of insulin resistance; QUICKI, quantitative insulin check index.

Table 5 Unconditional Logistic Regression Analysis of Metabolically Abnormal Risks According to Tertiles of ZAG/Adiponectin in All

Subjects

Measurement Lowest OR Median OR Highest OR (95% CI)
(95% CI) (95% CI)

ZAG, range (pg/mL) <7.582 27.582 to <8.283 28.283
MA/MH 55/20 58/17 40/35
Univariate 2.406 (1.214-4.768) 2.985 (1.474-6.046) 1.00 (reference)
P value 0.012 0.002
Model | 3.542 (1.458-8.608) 5.036 (2.011-12.611) 1.00 (reference)
P value 0.005 0.001
Model 2 4.877 (1.342-17.722) 8.585 (1.949-37.816) 1.00 (reference)
P value 0.016 0.004
Model 3 3.939 (1.015-15.289) 9.228 (1.941-43.863) 1.00 (reference)
P value 0.048 0.005
Adiponectin, range (ng/mL) <12.620 212.620 to <19.300 219.300
MA/MH 64/11 50/25 39/36
Univariate 5.371 (2.452-11.761) 1.846 (0.954-3.572) 1.00 (reference)
P value <0.001 0.069
Model | 8.336 (2.920-23.800) 2.310 (0.957-5.573) 1.00 (reference)
P value <0.001 0.063
Model 2 8.243 (1.642-41.393) 2.258 (0.662-7.701) 1.00 (reference)
P value 0.010 0.193
Model 3 7.883 (1.542-40.300) 2.178 (0.598-7.934) 1.00 (reference)
P value 0.013 0.238

Notes: Multivariate ORs and 95% Cls from unconditional logistic regression models were used in the analysis; Model |, basic model, adjusted for age, gender and body mass
index; Model 2, further adjusted for systolic blood pressure, diastolic blood pressure, fasting blood glucose, fasting insulin, total cholesterol, triglycerides, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, free fatty acid based on the model |; Model 3, full model, further adjusted for creatinine, uric acid based on the
model 2; Bold P values indicate statistical significance (P<0.05).

Abbreviations: MH, metabolically healthy; MA, metabolically abnormal.
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Figure 2 Comparison for ROC curves of serum ZAG and adiponectin alone as well
as the combination of ZAG with adiponectin in all subjects.
Abbreviations: ZAG, zinc-a2-glycoprotein; APN, adiponectin.

for ZAG, and were 81.9% and 48.4% for adiponectin.
Moreover, the combination of ZAG and adiponectin
gained an improved the discriminatory power with the
AUC of 0.703 (95% CI 0.629-0.776, P<0.05), the sensi-
tivity of 62.7% and the specificity of 73.6%.

Discussion
Obesity has been long well documented to be highly asso-
ciated with metabolic disorders. However, some obese peo-
ple that so-called MHO, present a less deleterious metabolic
phenotype. Zinc-02-glycoprotein, also called ZAG or
AZGP1, is a novel identified adipokine which plays impor-
tant roles in glucose and lipid metabolic regulation as well as
insulin sensitivity. Our previous studies together with others
have revealed the significantly decreased serum ZAG levels
in overweight/obese patients.'®'?=* However, serum ZAG
levels in obese subjects with different metabolic status
remain unknown. Thus, our present study extended the avail-
able information, further exploring serum ZAG levels in
MHNO, MHO, MAO and MADO subjects. Consistent
with the previous research results, our present studies found
that compared with MHNO individuals, serum ZAG levels in
the MADO group were significantly reduced, and in the
MAO group had a tendency to be decreased.

The novelty of our study is that we displayed for the first
time that serum ZAG levels were higher in MHO individuals
but lower in MAO or MADO individuals. Moreover,

compared with the MHNO group, WC was significantly
higher in subjects in the MHO group, and even further higher
in the MAO and MADO groups. WC is a measurement of

abdominal obesity,>*’

suggesting that fat distribution may
affect serum ZAG levels. Previous studies by Garrido-
Sanchez et al found that serum insulin levels (f=—0.088,
P=0.030) and HOMA-IR ($=0.320, P=0.025) were indepen-
dent influencing factors of ZAG expression in visceral adi-
which that

subcutaneous adipose tissue, ZAG expression in visceral

pose tissue, suggested compared with
adipose tissue had a more close relationship with the meta-
bolism status of the body.*® We speculated that the higher
levels of serum ZAG in MHO individuals may reflect
a response of visceral adipose tissue to counteract the meta-
bolic stress imposed by obesity. This scenario is reminiscent
of hyperinsulinemia, which is thought to be the consequence
of increased production in compensation to obesity-
associated resistance to insulin.>’ Unfortunately, in MAO or
MADO individuals that obesity accompanied with metabolic
abnormities, the adipose tissue is dysfunction and decom-
pensated. Thus, serum ZAG levels were decreased although
WC was further higher in the MAO and MADO groups.
However, our hypothesis needs to be verified by further
prospective studies in the future.

Previously, a large number of studies have shown that
ZAG was closely related to various metabolic diseases, such
as T2DM,>* hypertension® and metabolic syndrome.”
Consistent with previous studies, a close relationship
between serum ZAG levels and the body metabolism status
was also found in our present study. Multiple linear regres-
sion analysis showed that TC, 2h PBG, HOMA-AD were
independent influence factors of serum ZAG levels. Logistic
regression analysis showed that compared with subjects with
the highest ZAG levels, the risks of metabolically abnormal
in subjects in the lowest and median tertile of serum ZAG
levels were significantly increased. After adjusting for age,
gender and BMI in Model 1, the risks of metabolic abnorm-
alities in subjects with the lowest and median tertile of serum
ZAG levels were 1.406 and 1.985 times higher than those
with the highest ZAG levels. After additional adjustment for
SBP, DBP, FBG, FINS, TC, TG, HDL-C, LDL-C, FFA in
Model 2 and Cr and UA in Model 3, this trend still existed,
suggesting that the decreased serum ZAG levels were inde-
pendent risk factors for the increased risk of metabolic
abnormalities.

Adiponectin, also known as Arcp30, AdipoQ, apM1,
and GBP28, was first discovered and named in mice by
Scherer et al in 1995.*% Although adipose tissue was the
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main source of adiponectin,®® serum adiponectin levels
were significantly reduced in obesity, especially in visceral
obesity.*> Adiponectin was the most studied adipokines
currently, with a variety of effects, such as increased
insulin sensitivity, anti-inflammatory, anti-apoptosis and
so on.** Studies have shown that the decreased serum
adiponectin levels were closely related to insulin resis-
tance, dyslipidemia, T2DM, as well as cardiovascular
disease.*'** In recent years, a few studies pointed out
that serum adiponectin levels had a compensatory eleva-
tion in MHO individuals.*** Inconsistent with previous
studies, no significant difference of serum adiponectin
levels was found between the MHUO and MHO groups
in our present studies. The discrepancy may be due to the
differences in the clinical characteristics of patients,
including ethnics, age, gender, the extent of obesity, sam-
ple size, drug treatment. Given our present study was the
first to explore serum adiponectin levels in obese patients
with different metabolic status in the Chinese population,
more large-scale studies are still needed to be done in the
future.

In addition, consistent with previous studies, our present
study also observed the close association between serum
adiponectin levels and metabolism. Firstly, compared with
the MHO group, serum adiponectin levels decreased gradu-
ally in the MAO and MADO groups. Secondly, multiple
linear regression analysis showed that DBP, UA, HOMA-
IR, HOMA-AD and QUICKI were independent factors influ-
encing serum adiponectin levels. Thirdly, compared with
subjects with the highest adiponectin levels, the risk of meta-
bolic abnormalities was significantly increased in subjects
with the lowest adiponectin levels, and after adjustment for
the other confounding factors in Model 1-3, this phenom-
enon still existed, which indicated that the decreased serum
adiponectin levels were an independent risk factor for the
increased risk of metabolic abnormalities. In support of our
findings, Aguilar-Salinas et al studied in the Mexican popu-
lation found that the elevated levels of serum adiponectin
increased the likelihood of being metabolically healthy in
obese individuals, and this trend remained after adjusting for
age, WC and serum insulin levels.*® Ahl et al studied in
Western populations further found that higher serum adipo-
nectin levels were associated with better metabolic health not
in obese individuals but also in nonobese individuals.'® All
these results suggest the key role of serum adiponectin in
determining the metabolic health.

Finally, the ROC curve analysis was used to analyze the
diagnostic value of serum ZAG/adiponectin for metabolic

abnormalities. The AUC for ZAG alone was 0.623 and for
adiponectin alone was 0.674. The sensitivity and specificity
for ZAG were 50.0% and 73.2%, for adiponectin were 81.9%
and 48.4%. These results showed that serum ZAG or adipo-
nectin might be helpful for the diagnosis of metabolic
abnormalities. In support of our results, studies performed
by Lei et al in middle-aged and older southern Chinese adults
found that serum ZAG levels were decreased progressively
with an increasing number of the MetS components, and the
analysis of ROC curves demonstrated that ZAG could pre-
dict MetS with the best cutoff value of 45.2 mg/L (sensitivity
92%, specificity 59%, and AUC 0.80);* studies performed
by Ko et al in Hong Kong, Chinese women with polycystic
ovary syndrome found that adiponectin levels were indepen-
dently associated with the MetS, and the area under the ROC
curve of adiponectin for the prediction of MetS was 0.820
with 95% CI 0.737-0.886;*° studies performed by Li et al
among Chinese children and adolescents also found that the
levels of adiponectin in both boys and girls were significantly
declined, and the AUC of adiponectin for diagnosis of MetS
in girls were 0.689 for girls and 0.697 for boys.*” Moreover,
we found that the combination of ZAG and adiponectin
gained an improved discriminatory power with the AUC of
0.703, the sensitivity of 62.7% and the specificity of 73.6%.
The diagnostic value of the combination of ZAG and adipo-
nectin for metabolic abnormalities still needs to be confirmed
in other large-scale prospective studies in the future.

There are some limitations in our study. Firstly, the cross-
sectional design does not allow us to elucidate the causal
relationship between serum ZAG levels and the metaboli-
cally abnormal phenotype. Secondly, the diagnostic value of
ZAG for the metabolically abnormal phenotype observed in
our studies needs to be verified in another prospective study.
Thirdly, our present studies were conducted in Chinese peo-
ple with a small sample size. Therefore, large-scale studies in
other ethnic groups are necessary in the future.

Conclusion

In conclusion, our results demonstrated that! serum ZAG
levels were higher in MHO individuals; with the severity
of metabolic abnormalities increased, serum ZAG levels
decreased gradually in MAO and MADO groups.” After
adjusting for age, gender, BMI and other confounders, the
decreased serum ZAG levels were closely associated with
the presence of metabolically abnormal phenotype.® Serum
ZAG might serve as the potential diagnostic biomarkers
for metabolically abnormal patients. Combined serum
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ZAG and adiponectin have greater diagnostic value for
metabolic abnormalities.
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Peking Union Medical College Hospital; QUICKI, quanti-
tative insulin check index; ROC, receiver operation charac-
teristic; SBP, systolic blood pressure; SD, standard
deviation; TC, total cholesterol, T2DM, type 2 diabetes
mellitus; TG, triglycerides; UA, uric acid; Urea, urea nitro-
gen; WC, waist circumstance; ZAG, zinc-a2-glycoprotein.
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