Zhou et al. Lipids in Health and Disease (2020) 19:61

https://doi.org/10.1186/512944-020-01251-5

Lipids in Health and Disease

RESEARCH Open Access

Fetuin-a to adiponectin ratio is a sensitive
indicator for evaluating metabolic

syndrome in the elderly

®

Check for
updates

Zhongwei Zhou'", Mingzhong Sun'", Hao Jin', Hongmei Chen' and Huixiang Ju'"

Abstract

Background: Fetuin-A and adiponectin present significant associations, supported by recent evidence, with
metabolic syndrome (MS) featuring hyperglycemia, central obesity and insulin resistance as the main components,
but their biological functions are opposite. The aim of this study was to verify whether fetuin-A/adiponectin ratio
(F/A ratio) is a more sensitive indicator for evaluation of MS than either fetuin-A or adiponectin.

Methods: In this cross-sectional study, 465 elderly subjects were selected from the physical examination database.
Serum levels of fetuin-A and adiponectin were measured using an enzyme-linked immunosorbent assay (ELISA)
method. Spearman’s rank correlation coefficient, linear regression and logistic regression analysis were adopted to
estimate the correlations of fetuin-A, adiponectin and F/A ratio with MS and its components, and receiver operating
characteristic (ROC) curve analysis was performed to evaluate the predictive values of the aforesaid indices.

Results: Compared with fetuin-A or adiponectin, F/A ratio was significantly associated with all the components of
MS, and this correlation was significant even after adjusting potential confounding factors (P < 0.05). Logjistic
regression analysis indicated that F/A ratio presented a stronger correlation with incident MS (adjusted OR: 1.466;
95% Cl: 1.189-1.808) than fetuin-A (adjusted OR: 1.100; 95% Cl: 1.020-1.186) and adiponectin (adjusted OR: 0.760;
95% Cl: 0.664-0.871) alone. ROC analysis revealed that F/A ratio achieved a larger area under curve (AUC) than
fetuin-A and adiponectin, with their AUC values of 0.755, 0.709 and 0.708, respectively.

Conclusion: F/A ratio is a more sensitive index for evaluating MS than either fetuin-A or adiponectin in the elderly.
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Introduction

Metabolic syndrome (MS) is defined as a cluster of
interrelated risk factors including hyperglycemia, hyper-
tension, dyslipidemia, central obesity and insulin resist-
ance, which associates with higher risk of suffering from
type 2 diabetes mellitus (T2DM) and cardiovascular dis-
ease (CVD) [1]. Recently, economic modernization and
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fast-westernizing lifestyle have brought about the preva-
lence of MS in Chinese population, especially in the eld-
erly, which has snowballed into a public health problem
[2, 3]. Therefore, exploring an appropriate and effective
screening marker for identifying individuals at high risks
for MS is the preoccupation.

Fetuin-A, a protein mainly produced by liver cells and
secreted into circulation at high concentrations, is an en-
dogenous inhibitor of insulin receptor tyrosine kinase
which results in insulin resistance [4]. The latest studies
have uncovered that it is also secreted and expressed in
adipose tissue, and this secretion is more opulent in
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visceral adipose tissue than in subcutaneous adipose tis-
sue especially in the obese [5, 6]. Such is the way of how
fetuin-A is involved in the development of obesity and
insulin resistance. It is considered as a novel link be-
tween obesity and its complications such as MS [7]. Data
from the Heart and Soul Study [8] has pointed out sig-
nificantly positive correlations between increased fetuin-
A levels and MS and between the levels and an athero-
genic lipid profile in nondiabetic subjects with coronary
artery disease. Further studies in middle-aged and elderly
Chinese also have revealed significantly positive correla-
tions between fetuin-A and MS and its components [9].

Adiponectin is one of adipokines that are almost
exclusively secreted by adipocytes [10]. In contrast to
fetuin-A, higher adiponectin levels are considered to be
beneficial because of its antidiabetic and anti-
atherogenic potential [11]. A large body of researches
have demonstrated that low adiponectin levels may asso-
ciate with risks and the severity of MS [12—14]. By con-
trast, increased adiponectin levels have been proven as
an independent protector for the development and re-
gression of MS in several prospective studies [15, 16].

Although fetuin-A and adiponectin are both intimately
involved in MS, they act in opposite aspects. Previous
genomewide scans have yielded a clear evidence that
both fetuin-A and adiponectin genes are located at
chromosome 3q27-qter which is a susceptibility locus
for MS and early-onset diabetes [17]. Therefore, fetuin-
A and adiponectin are speculated to work together in
the metabolic balance, and fetuin-A/adiponectin ratio
(F/A ratio) is expected to show more sensitive perform-
ance in assessing metabolic disorder than fetuin-A or
adiponectin alone. As our previous study has uncovered
the potential association of F/A ratio with MS and its
components, which is stronger than either parameter
alone [18], in this study we attempt to further evaluate
F/A ratio as a promising predictor for determining MS
in the elderly.

Material and methods

Study population

This cross-sectional study was conducted in the Affili-
ated Yancheng Hospital of Southeast University Medical
College from March 2014 to March 2015. A total of 500
subjects aged 60 years or older who had health examina-
tions were selected by a random number table. Thirty-
five subjects with acute infectious disease, severe CVD,
hepatic and renal dysfunction and malignant tumors
were excluded from the study. Consequently, 465 elderly
subjects were included in this study. The study protocol
was approved by the Ethics Committee of the hospital
and informed consent was obtained from all subjects in-
volved in this project.
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Laboratory measurements

Body height and weight of all subjects were measured
and then body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared
(kg/m?). Waist circumference (WC) was measured at the
umbilicus level. Blood pressure was measured with the
subject in a sitting position after a minimum 10-min
rest.

Every participant’s blood sample was drawn in the
morning after an overnight fast for at least 10 h. Levels
of fasting plasma glucose (FPG), total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-
C) were determined using a biochemical autoanalyzer
(Roche P800, Basel, Switzerland). Serum C-reactive pro-
tein (CRP) concentrations were detected by the rate
nephelometry assay (IMMAGE 800, Beckman Coulter
Inc. Brea, CA, USA). Insulin levels were quantitated by
the electrochemiluminescence method, and homoeosta-
sis model assessment of insulin resistance (HOMA-IR)
index was calculated as follows: fasting insulin (uU/
mL) x FPG (mmol/L) / 22.5. Serum levels of fetuin-A
and adiponectin were determined by an ELISA method
(Biovendor, Modrice, Brno, Czech Republic).

Metabolic syndrome definition

According to the revised National Cholesterol Education
Program Adult Treatment Panel III (NCEP-ATP III) cri-
teria [19], MS must be diagnosed in the presence of 3 or
more of the following 5 abnormalities: (i) a WC of =90
cm in men or >80 cm in women according to the cri-
teria for South Asians/Asians; (i) TG level > 150 mg/dL
(1.7 mmol/L) or receiving medications for increased TG;
(iii) HDL-C level < 40 mg/dL (1.03 mmol/L) in men or <
50 mg/dL (1.3 mmol/L) in women, or taking medications
for reduced HDL-C; (iv) systolic blood pressure (SBP) >
130 mmHg or diastolic blood pressure (DBP)>85
mmHg or taking antihypertensive agent in subjects with
a history of hypertension; (v) FPG level = 100 mg/dL (5.6
mmol/L) or being put on drug treatment for elevated
glucose.

Statistical analysis

Statistical analysis was performed with the statistical
package SPSS 20.0. The distribution of continuous vari-
ables was first tested using the Kolmogorov-Smirnov
test. Data were presented as mean +SD or median
(interquartile ranges) depending on parameters with
normal or non-normal distributions, and unpaired ¢-
tests and Mann-Whitney U tests were adopted to com-
pare these variables. A Chi-squared test was adopted for
categorical variables. Spearman’s rank correlation coeffi-
cient was performed to analyze the correlations of
fetuin-A, adiponectin and F/A ratio with other
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continuous variables of interest. Multivariate linear re-
gression analysis with fetuin-A, adiponectin and F/A ra-
tio as dependent variables was conducted to determine if
confounding factors could influence their associations
with the components of MS. Binary logistic regression
analysis with MS as a dependent variable was applied to
analyze its associations with fetuin-A, adiponectin and
F/A ratio. When distributions of variables were generally
non-normal, a logarithmic transformation was per-
formed in regression analysis. Receiver operating charac-
teristic (ROC) analysis curves were performed to
evaluate and compare performances of fetuin-A, adipo-
nectin and F/A ratio in identifying subjects with MS. A
two-tailed P value of <0.05 was considered statistically
significant.

Results

Clinical characteristics of all study subjects were summa-
rized in Table 1. The number of subjects with and with-
out MS was 284 and 181, respectively. The prevalence of
MS in the elderly population included in this study was
38.9%. In addition to age and gender (P > 0.05), significant
differences were observed in all the other listed anthropo-
metric and metabolic parameters between subjects with
and without MS (P < 0.001).

The Spearman’s rank correlation coefficients among
fetuin-A, adiponectin, F/A ratio, and risk factors of MS
were illustrated in Table 2. There was a significantly
negative correlation between fetuin-A and adiponectin
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(P <0.001). Fetuin-A was positively correlated with WC,
FPG, TG, LDL-C, HOMA-IR and CRP; while adiponec-
tin was negatively correlated with WC, DBP, FPG, TC
and CRP, and positively with HDL-C. F/A ratio was sig-
nificantly correlated with all the listed risk factors of MS
except for BMIL

In multivariate linear regression analysis, after adjust-
ments for age, sex and BMI, Fetuin-A was independently
associated with WC, FPG and TG. Adiponectin was in-
dependently associated with WC, DBP, FPG and HDL-
C. F/A ratio was independently associated with all the
components of MS (Table 3).

To evaluate associations of fetuin-A, adiponectin and
F/A ratio with incident MS, the logistic regression ana-
lysis with MS as a dichotomous dependent variable was
performed (Table 4). The unadjusted OR values (95%
CI) for the associations of fetuin-A, adiponectin and F/A
ratio with incident MS were 1.109 (1.030-1.194), 0.712
(0.631-0.806) and 1.608 (1.325-1.952), respectively.
After adjustments for age, sex and BMI, the adjusted OR
values (95% CI) for their associations were 1.100 (1.020—
1.186), 0.760 (0.664-0.871) and 1.466 (1.189-1.808),
respectively.

ROC analysis was performed to evaluate the diagnostic
performance of fetuin-A, adiponectin and F/A ratio for
MS (Fig. 1). AUC values of fetuin-A, adiponectin and F/
A ratio for detecting MS were 0.709, 0.708 and 0.755, re-
spectively (all P < 0.05). F/A ratio of 33.68 was identified
as the best cut off value for diagnosing MS, with the

Table 1 The clinical characteristics of the study subjects based on the presence of metabolic syndrome

Parameters Metabolic syndrome P
No (n=284) Yes (n=181)

Age (years) 6593+6.36 66.25+6.51 0.292
Men, % (n) 147 (51.76) 102 (56.35) 0333
Waist circumference (cm) 83.21+847 90.68 +8.62 <0.001
Body mass index (kg/mz) 2418 +£292 26.79+3.05 <0.001
Systolic blood pressure (mm Hg) 12533+ 1821 139.17 +19.03 <0.001
Diastolic blood pressure (mm Hg) 7624+11.18 8739+ 10.62 <0.001
Fasting plasma glucose (mmol/l) 526+0.77 6.05+ 154 <0.001
Total cholesterol (mmol/l) 4.89+0.90 519+099 <0.001
Triglyceride (mmol/l) 132+063 248+1.19 <0.001
HDL cholesterol (mmol/l) 149+047 128 +053 <0.001
LDL cholesterol (mmol/l) 238+0.72 3.16+0.89 <0.001
HOMA-IR 2.25 (168, 2.95) 376 (2.77,4.63) <0.001
C-reactive protein (mg/l) 1.85(1.10, 2.69) 346 (248, 462) < 0.001
Fetuin-A (mg/l) 251.85 (201.73, 292.70) 300.00 (254.80, 352.50) <0.001
Adiponectin (mg/l) 9.25 (8.30, 10.50) 8.00 (7.25,9.10) <0.001
F/A ratio 28.34 (19.99, 34.99) 39.19 (3047, 48.26) <0.001

Data are given as mean + SD or median (interquartile ranges)

HDL high-density lipoprotein, LDL low-density lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance, F/A fetuin-A/adiponectin
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Table 2 Spearman’s correlation analysis among fetuin-A, adiponectin, F/A ratio and risk factors of metabolic syndrome

Parameters Fetuin-A Adiponectin F/A ratio

Waist circumference 0.393 (< 0.001) — 0.132 (0.004) 0.356 (< 0.001)
Body mass index 0.074 (0.111) —0.090 (0.052) 0.075 (0.107)
Systolic blood pressure 0.071 (0.128) —0.078 (0.092) 0.112 (0.016)

0.076 (0.103)
0.125 (0.007)
0.084 (0.069)
0.123 (0.008)
—0.070 (0.134)
0.115 (0.013)
0.242 (< 0.001)
0.276 (< 0.001)

Diastolic blood pressure
Fasting plasma glucose
Total cholesterol
Triglyceride

HDL cholesterol

LDL cholesterol
HOMA-IR

C-reactive protein

Fetuin-A _
Adiponectin —0.437 (<0.001)
F/A ratio 0.917 (< 0.001)

- 0.091 (0.049)
—-0.170 (< 0.001)
- 0.189 (< 0.001)

0.104 (0.025)
0.185 (< 0.001)
0.134 (0.004)

- 0.069 (0.138) 0.140 (0.002)
0.136 (0.003) - 0.098 (0.035)
— 0.065 (0.159) 0.121 (0.009)

- 0.085 (0.067) 0.257 (< 0.001)
- 0.153 (0.001) 0.265 (< 0.001)
—0.437 (<0.001) 0.917 (< 0.001)
- - 0.719 (< 0.001)

- 0.719 (< 0.001) -

Data are given as r (P)

HDL high-density lipoprotein, LDL low-density lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance, F/A fetuin-A/adiponectin

corresponding sensitivity and specificity of 0.685 and
0.718, respectively.

Discussion

In this study, we found that F/A ratio was significantly
associated with all the components of MS and incident
MS, and showed a better diagnostic performance in clas-
sifying subjects with and without MS than either fetuin-
A or adiponectin. These findings suggest that F/A ratio
may be a more sensitive indice for assessing MS than ei-
ther of the two parameters in the elderly.

Systemic metabolic regulation is extremely complex
and involves multiple organ and physiological actions,
in which the liver and adipose tissue play key roles
and interplay with each other [20]. Therefore, the
choice indexes reflecting metabolic disorders should
be a composite of several different indicators and take
the liver and adipose tissue into consideration, which
is often not available to some single biochemical

parameters. Fetuin-A is produced mainly by liver
cells, despite recent reports that it can also be pro-
duced and secreted by adipose tissue [4—6]; and adi-
ponectin is secreted only by adipose cells [10]. In
view of both fetuin-A and adiponectin involving in
metabolic regulation and their opposite functions,
their ratio may be a better indicator for examining
metabolic disorders such as MS.

In fact, numerous studies have recently indicated that
there is an interaction between fetuin-A and adiponec-
tin. Agarwal et al. [21] have revealed that a lowering of
circulating adiponectin levels is accompanied by higher
fetuin-A levels in obese diabetic mice induced by high-
fat diet, and have provided evidence that fetuin-A exerts
its inhibitory effect on adiponectin through a Wnt3a-
PPARy pathway. Adiponectin has been shown to ameli-
orate hepatic steatosis and the impairment of lipid me-
tabolism in hepatocytes by suppressing the hepatokine
fetuin-A via an AMPK pathway [22]. Ix et al. [23] have

Table 3 Multivariate linear regression analysis with fetuin-A, adiponectin and F/A ratio as dependent variables and with the

components of metabolic syndrome as independent variables

Parameters Fetuin-A Adiponectin F/A ratio
B P B P B P

Waist circumference 0.197 <0.001 - 0.106 0.022 0.216 <0.001
Systolic blood pressure 0.051 0.199 - 0.067 0.143 0.129 0.003
Diastolic blood pressure 0.071 0.089 - 0.095 0.039 0.086 0.043
Fasting plasma glucose 0.149 0.001 -0.195 <0.001 0.199 <0.001
Triglyceride 0.113 0.014 - 0.064 0.166 0.118 0.006
HDL cholesterol - 0.037 0.324 -0.110 0.017 - 0.100 0.033

HDL high-density lipoprotein, F/A fetuin-A/adiponectin; adjusted for sex, age and body mass index
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Table 4 The adjusted and unadjusted odds ratio (OR) and 95% confidence intervals (Cl) for the associations between metabolic

syndrome and fetuin-A, adiponectin and F/A ratio

Parameters Metabolic syndrome

Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P
Fetuin-A 1.109 (1.030-1.194) 0.006 1.100 (1.020-1.186) 0.013
Adiponectin 0.712 (0.631-0.806) 0.001 0.760 (0.664-0.871) 0.004
F/A ratio 1.608 (1.325-1.952) <0.001 1.466 (1.189-1.808) <0.001

F/Afetuin-A/adiponectin; adjusted for sex, age and body mass index

suggested that the elevated expression of fetuin-A and
repressed expression of adiponectin in individuals with
obesity and related complications exhibit cooperative ef-
fects of jointly inhibiting AMPK activation. Effective
anti-obesity medications are significantly correlated with
lower fetuin-A levels, higher adiponectin levels and
AMPK stimulation. In an experiment which has ex-
plored the effects of resveratrol on metabolic regulation
both in vivo and in vitro, a crosstalk between adiponec-
tin and fetuin-A has been observed, and resveratrol-
treated high-fat diet-induced obese mice have presented
a decrease in serum fetuin-A levels and an increase in
serum adiponectin levels [24]. Besides, in septic patients,
decreased serum fetuin-A levels and increased adiponec-
tin levels have been observed; and the study has pointed
out that F/A ratio is a valuable marker for distinguishing
the severity of sepsis and stratifying septic patients at
risk [25]. Taken together, given the crosstalk between

adiponectin and fetuin-A, F/A ratio has been recognized
as a potentially promising marker for evaluating meta-
bolic disorders and inflammation-related diseases.

Our findings are consistent with previous reports that
there is a significant positive correlation between fetuin-
A and MS and a significant negative correlation between
adiponectin and MS [8, 9, 12-14]. In our study, F/A ra-
tio presented a stronger association with MS. We also
discovered a significant negative correlation between
fetuin-A and adiponectin, which was also in conformity
with the previous research [26]. We did not find the sig-
nificantly respective correlations between fetuin-A and
SBP, DBP and HDL-C and between adiponectin and
SBP and TG. However, we observed that F/A ratio was
significantly associated with all the components of MS
even after adjustments for potential confounding factors.
In the further ROC curve analysis, F/A ratio showed
higher AUC, sensitivity and specificity values than either

10
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Fig. 1 Receiver operating characteristic (ROC) analysis of fetuin-A, adiponectin and F/A ratio for identifying subjects with metabolic syndrome.
F/A: fetuin-A/adiponectin
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fetuin-A or adiponectin. These results further suggest
that F/A ratio is a more sensitive indicator of MS than
either of the two indices.

Besides, some limitations still exist in this study.
Firstly, restricted by a cross-sectional design, the causal
link between F/A ratio and MS cannot be established.
Secondly, subjects included in this project are physical
examination individuals rather than natural population,
with the minimum age of 60. Thus, a potential selection
bias in subjects is inevitable. Thirdly, what this study has
measured is total adiponectin instead of high molecular
weight adiponectin--a better predictor for evaluating MS
and its components [27, 28]. The further investigation
concerning roles of the ratio of fetuin-A to high molecular
weight adiponectin in MS is requisite. Fourthly, some
other potential confounders, such as eating habits, alcohol
consumption and exercise, have not been collected in this
study, which may have moderating effects on the relation-
ship between F/A ratio and MS. Specifically, calorie re-
striction and exercise can result in decreased fetuin-A
levels and increased adiponectin expressions [29, 30], and
moderate alcohol consumption has been proven to be in-
versely associated with fetuin-A in men [31].

Conclusions

In conclusion, the present study demonstrates that F/A
ratio is a more sensitive indicator for evaluating MS than
either fetuin-A or adiponectin in the elderly. Further
well-designed trials with larger samples for corroborat-
ing the associations in natural population are expected.

Abbreviations

MS: Metabolic syndrome; F/A: Fetuin-A/adiponectin; BMI: Body mass index;

WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood

pressure; FPG: Fasting plasma glucose; TC: Total cholesterol; TG: Triglyceride;
HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; HOMA-IR: Homeostasis model assessment of insulin resistance;

CRP: C-reactive protein

Acknowledgements
Not applicable.

Authors’ contributions

Zhongwei Zhou and Huixiang Ju conceived and designed the study and
were responsible for data interpretation. Zhongwei Zhou and Mingzhong
Sun contributed to the writing and revision of the manuscript. Hao Jin and
Hongmei Chen contributed to data collection and data analysis. All authors
read and approved the final manuscript.

Funding
All the authors received no financial support in this work.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the ethics committee of the Affiliated Yancheng
Hospital of Southeast University Medical College, and informed consent was
obtained from all subjects involved in this project before enroliment.

Page 6 of 7

Consent for publication
Not applicable.

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

Author details

'Department of Clinical Laboratory, Affiliated Yancheng Hospital, School of
Medicine, Southeast University, No. 75 Juchang Road, Tinghu, Yancheng,
Jiangsu 224001, P.R. China. *Department of Blood Transfusion, Affiliated
Yancheng Hospital, School of Medicine, Southeast University, Yancheng,
Jiangsu 224001, P.R. China.

Received: 13 November 2019 Accepted: 31 March 2020
Published online: 06 April 2020

References
1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;
365:1415-28.

2. LiuM, Wang J, Jiang B, Sun D, Wu L, Yang S, Wang Y, Li X, He Y. Increasing
prevalence of metabolic syndrome in a Chinese elderly population: 2001-
2010. PLoS One. 2013;8:266233.

3. LiR LiW, Lun Z Zhang H, Sun Z, Kanu JS, Qiu S, Cheng Y, Liu Y. Prevalence
of metabolic syndrome in mainland China: a meta-analysis of published
studies. BMC Public Health. 2016;16:296.

4. Srinivas PR, Wagner AS, Reddy LV, Deutsch DD, Leon MA, Goustin AS,
Grunberger G. Serum alpha 2-HS-glycoprotein is an inhibitor of the human
insulin receptor at the tyrosine kinase level. Mol Endocrinol. 1993;7:1445-55.

5. Perez-Sotelo D, Roca-Rivada A, Larrosa-Garcia M, Castelao C, Baamonde |,
Baltar J, Crujeiras AB, Seoane LM, Casanueva FF, Pardo M. Visceral and
subcutaneous adipose tissue express and secrete functional
alpha2hsglycoprotein (fetuin a) especially in obesity. Endocrine. 2017;55:
435-46.

6. Jialal |, Devaraj S, Bettaieb A, Haj F, Adams-Huet B. Increased adipose tissue
secretion of Fetuin-a, lipopolysaccharide-binding protein and high-mobility
group box protein 1 in metabolic syndrome. Atherosclerosis. 2015;241:130-7.

7. Trepanowski JF, Mey J, Varady KA. Fetuin-A: a novel link between obesity
and related complications. Int J Obes (Lond). 2015;39:734-41.

8. Ix JH, Shlipak MG, Brandenburg VM, Ali S, Ketteler M, Whooley MA.
Association between human fetuin-a and the metabolic syndrome: data
from the heart and soul study. Circulation. 2006;113:1760-7.

9. XuY,XuM,BiY, Song A Huang Y, Liu Y, Wu Y, Chen Y, Wang W, Li X, Ning
G. Serum fetuin-a is correlated with metabolic syndrome in middle-aged
and elderly Chinese. Atherosclerosis. 2011;216:180-6.

10. Fu Y. Adiponectin signaling and metabolic syndrome. Prog Mol Biol Transl
Sci. 2014;121:293-319.

11. Yamauchi T, Hara K, Kubota N, Terauchi Y, Tobe K, Froguel P, Nagai R,
Kadowaki T. Dual roles of adiponectin/Acrp30 in vivo as an anti-diabetic
and anti-atherogenic adipokine. Curr Drug Targets Immune Endocr Metabol
Disord. 2003;3:243-54.

12. Lindberg S, Jensen JS, Bjerre M, Frystyk J, Flyvbjerg A, Jeppesen J,
Mogelvang R. Low adiponectin levels at baseline and decreasing
adiponectin levels over 10 years of follow-up predict risk of the metabolic
syndrome. Diabetes Metab. 2017;43:134-9.

13. Zachariah JP, Quiroz R, Nelson KP, Teng Z, Keaney JF Jr, Sullivan LM, Vasan
RS. Prospective relation of circulating Adipokines to incident metabolic
syndrome: the Framingham heart study. J Am Heart Assoc. 2017;6:e004974.

14.  DeBoer MD, Gurka MJ, Morrison JA, Woo JG. Inter-relationships between the
severity of metabolic syndrome, insulin and adiponectin and their
relationship to future type 2 diabetes and cardiovascular disease. Int J Obes.
2016;40:1353-9.

15. Kim JY, Ahn SV, Yoon JH, Koh SB, Yoon J, Yoo BS, Lee SH, Park JK, Choe KH,
Guallar E. Prospective study of serum adiponectin and incident metabolic
syndrome: the ARIRANG study. Diabetes Care. 2013;36:1547-53.

16. Kim JY, Yadav D, Ahn SV, Koh SB. A prospective study of serum adiponectin
and regression of metabolic syndrome: the ARIRANG study. Biochem
Biophys Res Commun. 2015;466:201-5.

17. Vionnet N, Hani EH, Dupont S, Gallina S, Francke S, Dotte S, De Matos F,
Durand E, Lepretre F, Lecoeur C, Gallina P, Zekiri L, Dina C, Froguel P.
Genomewide search for type 2 diabetes-susceptibility genes in French
whites: evidence for a novel susceptibility locus for early-onset diabetes on



Zhou et al. Lipids in Health and Disease

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2020) 19:61

chromosome 3q27-gter and independent replication of a type 2-diabetes
locus on chromosome 1g21-g24. Am J Hum Genet. 2000;67:1470-80.

Ju H, Zhou Z, Sun M, Chen H. Association of fetuin-a to adiponectin ratio
with metabolic syndrome: a cross-sectional study. Endocrine. 2017;58:190-3.
Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr, Spertus JA, Fernando C.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute scientific statement:
executive summary. Crit Pathw Cardiol. 2005;4:198-203.

Scheja L, Heeren J. Metabolic interplay between white, beige, brown
adipocytes and the liver. J Hepatol. 2016;64:1176-86.

Agarwal S, Chattopadhyay M, Mukherjee S, Dasgupta S, Mukhopadhyay S,
Bhattacharya S. Fetuin-a downregulates adiponectin through Wnt-
PPARgamma pathway in lipid induced inflamed adipocyte. Biochim Biophys
Acta. 2017;1863:174-81.

Jung TW, Youn BS, Choi HY, Lee SY, Hong HC, Yang SJ, Yoo HJ, Kim BH, Baik
SH, Choi KM. Salsalate and adiponectin ameliorate hepatic steatosis by
inhibition of the hepatokine fetuin-a. Biochem Pharmacol. 2013;86:960-9.

Ix JH, Sharma K. Mechanisms linking obesity, chronic kidney disease, and
fatty liver disease: the roles of fetuin-a, adiponectin, and AMPK. J Am Soc
Nephrol. 2010;21:406-12.

Lee HJ, Lim Y, Yang SJ. Involvement of resveratrol in crosstalk between
adipokine adiponectin and hepatokine fetuin-a in vivo and in vitro. J Nutr
Biochem. 2015;26:1254-60.

Dalamaga M, Karampela |. Fetuin-a to adiponectin ratio is a promising
prognostic biomarker in septic critically ill patients. J Crit Care. 2018;44:134-5.
Hennige AM, Staiger H, Wicke C, Machicao F, Fritsche A, Haring HU, Stefan
N. Fetuin-a induces cytokine expression and suppresses adiponectin
production. PLoS One. 2008;3:¢1765.

Yun JE, Won S, Mok Y, Cui W, Kimm H, Jee SH. Association of the leptin to
high-molecular-weight adiponectin ratio with metabolic syndrome. Endocr
J.2011,58:807-15.

Seino Y, Hirose H, Saito |, Itoh H. High molecular weight multimer form of
adiponectin as a useful marker to evaluate insulin resistance and metabolic
syndrome in Japanese men. Metabolism. 2007;56:1493-9.

Park CY, Park S, Kim MS, Kim HK, Han SN. Effects of mild calorie restriction
on lipid metabolism and inflammation in liver and adipose tissue. Biochem
Biophys Res Commun. 2017;490:636-42.

Zhang LY, Liu T, Teng YQ, Yao XY, Zhao TT, Lin LY, Jin QS, Jin YJ. Effect of a
12-week aerobic exercise training on serum Fetuin-a and Adipocytokine
levels in type 2 diabetes. Exp Clin Endocrinol Diabetes. 2018;126:487-92.
Joosten MM, Schrieks IC, Hendriks HF. Effect of moderate alcohol consumption
on fetuin-a levels in men and women: post-hoc analyses of three open-label
randomized crossover trials. Diabetol Metab Syndr. 2014,6:24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

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

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Study population
	Laboratory measurements
	Metabolic syndrome definition
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

