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calculated for all eligible studies and were combined to 
measure the pooled data using random-effects model.
Results  A total of 32 studies including 27 case–control and 
5 cohort studies were included in the current study. Fetuin-
A levels in T2D patients were significantly higher than 
control groups [Hedges’ g  =  1.73, 95% CI (1.25–2.22), 
P  <  0.001], with significant heterogeneity across studies 
(P < 0.001, I2 = 98.46%). Findings from meta-analyses of 
cohort studies showed a statistically significant association 
between fetuin-A levels and T2D risk [rate ratio =  1.62, 
95% CI (1.26–2.08), P < 0.001], with no significant hetero-
geneity (P = 0.10, I2 = 46.06%).
Conclusion  We found a significant relationship between 
the fetuin-A levels with T2D risk. Although fetuin-A may 
be as a potential screening and prediction biomarker or 
a therapeutic target in T2D patients, further studies are 
required in this regard.

Keywords  Fetuin-A · Type 2 diabetes · Meta-analysis

Introduction

Type 2 diabetes (T2D), which accounts 90–95% of all 
diabetes, is a growing epidemic associated with many 
adverse  complications [1], including cardiovascular dis-
ease, retinopathy, neuropathy, and nephropathy [2]. There-
fore, identifying the T2D predictors may be more helpful in 
the planning T2D prevention.

Several studies showed that hepatokines, liver-derived 
hormones, can regulate systemic energy metabolism and 
insulin sensitivity through integrated organ crosstalk [3, 4].

Among hepatokines, fetuin-A is a circulating plasma 
glycoprotein, which secretes mainly from liver and to 
lesser extent from other organs such as tongue, placenta, 
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and adipose tissue [5, 6]. Fetuin-A-knockout mice demon-
strate improved insulin sensitivity and also are resistance 
to weight gain induced by high-fat diet and aging [7, 8]. 
Human studies also provided evidence that higher fetuin-A 
level influences obesity, metabolic syndrome, insulin resist-
ance, and T2D [9, 10].

Other well-studied mechanisms have been suggested 
that fetuin-A exacerbates insulin resistance by inhibiting 
the insulin receptor tyrosine kinase, reducing the adiponec-
tin expression, and increasing some inflammatory cytokine 
[11–13]. Thus, high levels of fetuin-A may be correlated 
with the pathogenesis of T2D. Although many studies 
showed relationship between fetuin-A, insulin resistance, 
and diabetes, it has not emphasized by others [14–19].

Since the conflicting data, this systematic review and 
meta-analysis conducted to summarize the existing obser-
vational evidences about mean levels of fetuin-A in T2D 
patients and clarify the relationship between this hepa-
tokines concentration and T2D risk.

Methods

This study was performed based on a predefined proto-
col and according to the meta-analysis of Observational 
Studies in Epidemiology (MOOSE) guidelines (Supple-
mentary Table  1) [20]. Study identification and selection, 
data extraction, and quality assessment were performed 
independently by two investigators, in duplicate. Any 

disagreements were resolved by discussion and by consul-
tation with the senior author, if necessary.

Data sources and search strategy

We searched the five electronic databases PubMed, Embase, 
Google Scholar, Web of Science, and Cochrane Library to 
1 December 2016 by the following key words: (“diabetes,” 
OR “diabetes mellitus”[MeSH]) AND (“fetuin-A” OR 
“fetuins”[Mesh] OR “alpha-2-HS-glycoprotein”[Mesh]), 
without any restriction. The search strategy is revealed in 
details in Table 1. In addition, reference lists of identified 
articles and pertinent reviews were manually searched.

Study selection

All retrieved articles from the literature search were 
screened for the following inclusion criteria: (1) case–con-
trol or cohort studies, (2) studies assessing the association 
between serum or plasma fetuin-A and T2D, (3) studies 
that reported sufficient information to calculate standard-
ized mean differences (SMDs) and 95% confidence inter-
vals (CI), or studies provided or allowed calculation of a 
relative risk estimate (odds ratio, relative risk, rate ratio, 
or hazard ratio), and (4) studies published in English. We 
excluded editorials, letters, nonhuman studies, and confer-
ence abstracts. When several articles were from the same 
group, the study with the largest sample size or the most 

Table 1   Search strategy to identify studies on the association of fetuin-A levels and T2D

PubMed

 1. Search strategy to identify relevant exposures:
“Fetuins”[Mesh] OR “fetuins”[All Fields] OR “alpha-2-HS-Glycoprotein”[Mesh] OR “alpha-2-HS-Glycoprotein”[All Fields] OR “AHSG 

protein, human”[All Fields] OR “AHSG”[All Fields] OR “fetuin-A”[All Fields] OR “fetuin A”[All Fields] OR “alpha-2 HeremansSchmid 
glycoprotein”[All Fields] OR “alpha2-HS-glycoprotein”[All Fields]

 2. Search strategy to identify relevant outcomes:
“diabetes mellitus”[MeSH Terms] OR “diabetes”[All Fields] OR “NIDDM”[All Fields] OR “MODY”[All Fields]

Embase

 1. Search strategy to identify relevant exposures:
‘fetuin’/exp OR ‘fetuin a’/expOR ‘fetuin*’ OR ‘fetuins’ OR ‘alpha-2-hs-glycoprotein’ OR ‘ahsg protein, human’ OR ‘ahsg’ OR ‘alpha2-hs-

glycoprotein’ OR ‘alpha-2 HeremansSchmid glycoprotein’

 2. Search strategy to identify relevant outcomes:
‘insulin dependent diabetes mellitus’/exp OR ‘non-insulin dependent diabetes mellitus’/exp OR ‘diabetes mellitus’/exp OR ‘diabetic patient’/

exp OR ‘diabetes’ OR ‘niddm’ OR ‘mody’

Web of Science

 1. Search strategy to identify relevant exposures:
“fetuins” OR “alpha-2-HS-Glycoprotein” OR “alpha-2-HS-Glycoprotein” OR “AHSG protein, human” OR “AHSG” OR “fetuin-A” OR “fetuin 

A” OR “alpha-2 HeremansSchmid glycoprotein” OR “alpha2-HS-glycoprotein” OR “Alpha-2 HeremansSchmid Glycoprotein”

 2. Search strategy to identify relevant outcomes:
“diabetes mellitus” or “diabetes” OR “NIDDM” or “Ketosis Resistant” OR “MODY”

Search strings (all inclusive)

 Parts 1 and 2 were combined using ‘AND’
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adjusted estimated effect from multivariable models was 
included.

Data extraction

The following information was extracted from eligible 
studies: first author, publication year, country, study design, 
study name, duration of follow-up, sample size, gender and 
age of subjects, blood sample type, methods for diagnosis 
of T2D, methods of fetuin-A detection, mean fetuin-A lev-
els in case and control groups, adjusted effect estimate for 
most covariates and corresponding 95% CIs, and adjusted 
or matched variables. When insufficient data were pub-
lished, we contacted the corresponding author for required 
data. If a case–control study that reported its results in both 
matched and unmatched subjects, we used results from 
matched subjects.

Quality assessment

Methodological quality was assessed using the Newcastle–
Ottawa Scale (NOS) for assessing the quality of nonrand-
omized studies in meta-analyses [21]. This instrument uses 
a star system (range 0–9 stars) to evaluate a study based on 
three main domains: selection of study groups (0–4 stars), 
comparability of groups (0–2 stars), and ascertainment 
exposure or outcome (0–3 stars). Each study received that 
seven or more stars were considered to be of high quality.

Statistical analysis

Case–control and prospective studies were analyzed sepa-
rately. Fetuin-A levels in each case–control study were 
extracted as mean ±  standard deviation (SD). If a study 
reported the median and the interquartile range of fetuin-
A levels, we calculated mean and SD using formulas rec-
ommended by Hozo et  al. [22]. Standard errors of means 
(SEM) were transformed into SD by multiplying SEM by 
the square root of the sample size. To evaluate the associa-
tion between fetuin-A level and T2D risk, the SMD and 
95% CI on the basis of Hedges’s adjusted g were used. 
For studies that reported a measure of association, natural 
logarithm-transformed estimate risks were used to calculate 
effect sizes.

Pooled data were calculated using random-effect mod-
els (DerSimonian and Laird method) and presented as 
forest plots with 95% CI. Heterogeneity was investigated 
using Cochran’s Q statistic and I-squared test (I2 > 50% 
was considered as significant heterogeneity). To assess 
the impact of possible factors on pooled effect size and 
heterogeneity, subgroup and meta-regression analyses 
were performed for categorical and continues variables, 
respectively. A sensitivity analysis was conducted to 

evaluate the stability of this meta-analysis by deleting 
each study, one by one. Publication bias was assessed 
using the funnel plot method, classic fail-safe N, and 
Begg’s and Egger’s test. The influence of a potential pub-
lication bias on findings was explored using the Duval 
and Tweedie trim-and-fill procedure. All the P values 
were two-sided, and P < 0.05 was considered significant. 
Comprehensive meta-analysis (CMA) version 2 was used 
for this meta-analysis.

Results

Study selection

The initial literature search identified 1116 papers from 
PubMed, Embase, Web of Science, and The Cochrane 
Library. After screening the titles and the abstracts, 1028 
articles were excluded. The remaining 88 articles were 
reviewed in full text for eligibility. Of these, 30 studies and 
2 additional articles identified from Google scholar search-
ing met the inclusion criteria and were included in the 
meta-analysis. The selection process of the studies is illus-
trated in Fig. 1.

Study characteristics

Finally, 32 articles involving 16,982 participants (with 
mean age 55.01 years) were included in this meta-analysis. 
Among 32 included observational papers, 27 studies were 
retrospective case–control studies [14, 16–19, 23–44], 
which involved 3470 cases (41.1%) and 4574 controls; and 
5 studies were prospective studies [9, 10, 45–47], which 
involved 1993 (29.3%) cases and 8333 none-cases. In total 
5463, 18 of them were conducted in Asia [16, 17, 24, 25, 
28, 30–39, 41–44], 9 in Europe [10, 18, 19, 23, 27, 29, 40, 
46], 4 in North America (USA) [9, 14, 45, 47], and 1 in 
Australia [26]. They were published between 2008 and 
2016.

The assay methods used to determine fetuin-A concen-
trations were enzyme-linked immunosorbent assay in 25 
case–control [14, 16–19, 23–28, 30–41, 43, 44] and 4 pro-
spective studies [9, 45–47], immunoturbidometry in 1 pro-
spective study [10], immunonephelometry in 1 case–con-
trol study [29], and Luminex in 1 case–control study [42]. 
About blood sample type, there were 21 case–control stud-
ies [16–18, 23–32, 34–36, 38–41, 44] and 3 prospective 
studies [45–47] on serum, and 6 case–control [14, 19, 33, 
37, 42, 43] and 2 prospective studies [9, 10] on plasma. The 
key characteristics of the included studies are summarized 
in Tables 2 and 3.
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Quality assessment

The results of the quality assessment are provided in 
Tables 2 and 3. All prospective studies were judged to be of 
high quality [9, 10, 45–47]. In case–control studies, qual-
ity scores ranged from 3 to 9; 13 studies scored ≥7 (high 
quality) [23–30, 34, 36, 37, 40, 43] and 14 studies scored 
<7 (low quality) [14, 16–19, 31–33, 35, 38, 39, 41, 42, 44]. 
The methodological quality assessment according to NOS 
is shown in Supplementary Tables 2 and 3.

Fetuin‑A levels among type 2 diabetes patients

The meta-analysis results revealed that the mean level of 
fetuin-A in T2D patients was higher than those in con-
trols [Hedges’ g =  1.73, 95% CI (1.25–2.22), P < 0.001] 
(Fig.  2). There was evidence for high heterogeneity 
across studies (Q =  1688.062 on 26 degrees of freedom, 
P < 0.001, I2 = 98.46%). Publication bias was observed by 
Begg’s test (Tau = 0.39, P = 0.004) and Egger’s test [inter-
cept = 5.19, 95% CI (0.73–0.964), P = 0.02]. Duval and 
Tweedie’s trim-and-fill analysis suggested that eight studies 
were missing in the left side of the mean effect. The pooled 
effect size using the trim-and-fill procedure was lower 
than our estimation [Hedges’ g  =  0.33, 95% CI (−0.20 
to 0.87)]. The fail-safe N indicated that we would need to 
locate 4404 null studies to exceed the p value above 0.050. 
The results of the publication bias assessment are present in 
Supplementary Fig. 1.

Subgroup analyses based on geographic location, sam-
ple size, age, BMI, gender, recruitment method (matched/
unmatched), sample type, and study quality showed that 
the fetuin-A levels in all subgroups were significantly 
higher in T2D patients than in controls. Further subgroup 
analyses revealed a significant association between fetuin-
A levels and T2D in studies that only T2D cases and 

healthy controls were included and subjects did not have 
any other diseases [Hedges’ g = 2.22, 95% CI (1.65–2.80), 
P  <  0.001] but not in studies that T2D cases and/or con-
trols had other diseases [Hedges’ g = 0.47, 95% CI (−0.42 
to 1.36), P = 0.30]. Since heterogeneity existed in all sub-
groups, no factors explain source of the heterogeneity. The 
summary of the results of subgroup analyses is shown in 
Table 4. Meta-regression analysis using unrestricted max-
imum-likelihood method indicated that the no potential 
variable is the main source of heterogeneity and only BMI 
is positively associated with the effect sizes in diabetic 
individuals [slope = 1.26, 95% CI (0.31–2.21), P = 0.009]. 
Outcomes from the meta-regression analysis are presented 
in Supplementary Fig. 2. Sensitivity analyses showed that 
the conclusions did not change significantly after each sin-
gle study was omitted (Supplementary Fig. 3).

Fetuin‑A levels and risk of type 2 diabetes

The relation between fetuin-A level and T2D risk is 
shown in Fig. 3. Findings from meta-analyses that com-
pared patients in the highest quantile versus lowest 
quantile of fetuin-A concentration showed a statistical 
significant association between fetuin-A level and T2D 
risk [rate ratio = 1.62, 95% CI (1.26–2.08), P < 0.001] 
with no significant heterogeneity (Q = 9.27 on 5 degrees 
of freedom, P =  0.10, I2 =  46.06%). Publication bias 
was observed by Begg’s test (Tau = 0.67, P = 0.06) and 
Egger’s test [intercept = 4.76, 95% CI (−0.02 to 9.55), 
P  =  0.05]. Duval and Tweedie’s trim-and-fill analysis 
suggested that two studies were missing in the left side 
of the mean effect. The pooled effect size using the trim-
and-fill procedure was lower than our estimation [rate 
ratio = 1.38, 95% CI (1.03–1.85)]. The fail-safe N indi-
cated that we would need to locate and include 38 null 
or nil studies to exceed the P value above 0.050. The 

Fig. 1   Flow diagram of study 
selection 1116 Studies identified in the databases: (PubMed, Web of Science, Embase, and The 

Cochrane Library) 

1028 studies excluded based in screening title and abstract: (Duplicate publication, Other 
publication type, Other study design, Not on human, Other outcomes or other exposures) 

88 Full-text articles screened for eligibility 

56 studies excluded based in screening full-text: (Duplicate publication, Data not sufficient to 
calculate effect size, Other outcomes or other exposures) 

2 Articles identified through Google Scholar searching 

32 Articles included: (27 case-control studies, 5 cohort studies) 
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results of publication bias assessment are presented in 
Supplementary Fig.  4. Sensitivity analysis showed that 
the conclusions did not change significantly after each 
single study was omitted (Supplementary Fig. 5).

Discussion

Summary of findings

We found that plasma or serum fetuin-A level in T2D 
patients was significantly higher compared to the con-
trols. In addition, high concentration of fetuin-A was 
inversely associated with T2D risk. These results did not 
alter after sensitivity analysis. In the case–control stud-
ies, a significant heterogeneity was observed that could 
not be explained by subgroup and meta-regression anal-
yses. The association between high fetuin-A level and 
T2D risk did not vary by sample size, age, BMI, gender, 
study location, recruitment method, sample type, and 
study quality. However, this association did not observe 
in studies that T2D cases and/or controls had other 
diseases.

Comparison of results with the previous studies

To our knowledge, this systematic review and meta-anal-
ysis are the first to synthesize evidence from retrospective 
case–control and prospective cohort studies on the asso-
ciation between fetuin-A and T2D. Findings of our meta-
analysis were in line with several non-systematic review 
studies that explain the roles of fetuin-A in the metabolism 
and the pathogenesis of metabolic disorders such as T2D 
[3, 4, 48–51]. In a systematic review, Mukhopadhyay et al. 
[52] concluded that fetuin-A is a novel hepatokine that 
modulates cardiovascular and glycemic outcomes and con-
tributes to insulin resistance. Sun et  al. [9] combined the 
results of NHS with three prospective studies; Health ABC 
Study [45], EPIC-Potsdam study [53], and CHS [46]. They 
observed positive association between high fetuin-A levels 
and diabetes risk [RR =  1.69, 95% CI (1.39–2.05)]. Sun 
et al. [9] included relative risk estimated of EPIC-Potsdam 
study [53], in which only age was adjusted multivariate, but 
we included relative risk estimated from the fully adjusted 
multivariate of EPIC-Potsdam study [10]. In another origi-
nal article, Aroner et al. pooled the results from MESA with 
four prospective studies: The Rancho Bernardo Study [54], 
CHS [46], EPIC-Potsdam study [10], and NHS [9]. Pooled 
random-effects analysis indicated each 0.10 g/l increment 
in fetuin-A was associated with a 22% higher risk of diabe-
tes [RR = 1.22, 95% CI (1.07–1.39)]. In this meta-analysis, 
RR of incident diabetes according to an SD (0.10  g/l) in 
fetuin-A concentration were combined. We cannot include Ta
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The Rancho Bernardo Study [54], because risk of incident 
diabetes was only reported per SD (0.10 g/l) greater fetuin-
A level, but we used estimate risks comparing the highest 
versus lowest quantile of fetuin-A concentration. In the 
other hand, some studies were inconsistent with our meta-
analysis results. This could be due to effects of different 
drugs intake [55–57] individuals age [51], physical activity 
[58], genetic factors [59], presence of diseases, and compli-
cations of T2D [43–60].

Heterogeneity in study results

Although the results of our analyses is in accordance with 
most of the included articles in this meta-analysis, the sig-
nificant heterogeneity observed across 27 case–control 
studies (P < 0.001, I2 = 98.46%) reduces the reliability of 
the results. Thus, to explore the sources of the observed 
heterogeneity, we conducted several subgroup and meta-
regression analyses according to the possible variables. 
However, this heterogeneity remained unexplained by the 
study design, geographic location, year of publication, 
sample size, age, BMI, gender, recruitment method, meas-
urement methods (ELISA kits), specimen type (serum/
plasma), study quality, and subjects’ diseases (Table  4; 
Supplementary Fig. 2).

Meta-analysis of the five prospective studies revealed 
no statistically significant between-study heterogeneity 
(P =  0.10), although the I2 test was 46.06%, suggesting 
moderate heterogeneity among these studies. We enabled to 
perform subgroup analysis to identify the causes of hetero-
geneity because of the limited number of studies.

Heterogeneity between studies which is common in 
meta-analyses can be due to any potentially relevant differ-
ences between the study designs and methodologies and/or 
characteristics of included subjects [61]. Consequently, we 
tried to do exhaustive subgroup and meta-regression analy-
ses to investigate discrepancy, but we could not check all 
confounding factors. The reasons for the observed hetero-
geneity may be explained by other unevaluated variables 
that might interfere with the association fetuin-A and T2D. 
The included studies had differences in inclusion and exclu-
sion criteria, ways of diagnosing T2D, methods of meas-
urement of fetuin-A, adjusted or matched variables, choice 
of included subjects, and follow-up duration. In addition, 
the differences in the baseline characteristics of populations 
such as genetics, diet, physical activity, medication use, 
degree of hyperglycemia and clinical abnormalities, health 
status, and diabetic complications might affect heterogene-
ity. These differences could influence on the results, which, 
subsequently, in future studies, should be considered.

Fig. 2   Forest plot for the relationship between circulating fetuin-A levels and T2D



	 J Endocrinol Invest

1 3

Table 4   Subgroup analyses of 
the association of circulating 
levels of fetuin-A and T2D

Variable No. of studies Effect size Heterogeneity

Hedges’ g 95% CI P value I2 % P value

Geographic location

 Asia 18 1.36 (0.90–1.83) <0.001 97.47 <0.001

 Europe 7 4.99 (3.21–6.77) <0.001 99.05 <0.001

 USA 1 – – – – –

 Austria 1 – – – – –

Age (years)

 <50 5 1.87 (0.72–3.03) 0.001 96.76 <0.001

 50–60 11 1.68 (0.70–2.67) 0.001 98.69 <0.001

 >60 7 0.64 (0.44–0.85) <0.001 70.82 0.002

 NG 4 – – – – –

BMI (kg/m2)

 <25 5 0.56 (0.06–1.05) 0.03 85.72 <0.001

 25–29.9 10 1.70 (1.04–2.35) <0.001 97.84 <0.001

 >30 7 5.06 (3.08-7.05) <0.001 99.09 <0.001

 NG 5 – – – – –

Recruitment method

 Matched 9 3.41 (2.23–4.58) <0.001 98.75 <0.001

 Unmatched 18 1.27 (0.73–1.82) <0.001 98.32 <0.001

Cases

 <50 9 0.73 (0.03–1.43) 0.04 94.57 <0.001

 50–99 13 0.92 (0.52–1.33) <0.001 93.79 <0.001

 >100 5 9.04 (7.09–10.99) <0.001 99.69 <0.001

Study quality score

 <7 14 0.68 (0.02–1.35) 0.04 97.85 <0.001

 ≥7 13 3.25 (2.44–4.07) <0.001 98.81 <0.001

Subjects’ diseases

 No 20 2.22 (1.65–2.80) <0.001 98.48 <0.001

 Yes 7 0.47 (−0.42 to 1.36) 0.30 97.43 <0.001

ELISA kits

 Biovendor 9 3.22 (2.05–4.39) <0.001 98.74 <0.001

 Other kits 18 1.36 (0.80–1.92) <0.001 98.40 <0.001

Gender ratio

 M/F ≤1 11 2.11 (1.30–2.91) <0.001 98.41 <0.001

 M/F >1 12 0.63 (0.05–1.21) 0.03 96.94 <0.001

 NG 4 – – – – –

Fig. 3   Forest plot for the 
relationship between circulating 
fetuin-A levels and T2D risk
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Alternative explanation of subgroup 
and meta‑regression analyses findings

Fetuin-A is largely known as a hepatokine. It has recently 
been reported fetuin-A as an adipokine secreting from adi-
pose tissue [62]. Recent data have shown that white adi-
pose tissue from obese animals can express and secrete 
fetuin-A that this secretion is reduced after fasting, exercise 
voluntary training, and in anorectic animals [63]. Fetuin-
A–knockout mice demonstrate not only improved insu-
lin sensitivity but also resistance to weight gain induced 
by high-fat diet [7]. In humans, fetuin-A level is higher in 
obese and overweight individuals and is an early marker of 
adiposity in prepubertal children that lifestyle intervention 
programs can reduce this increased level [64–67]. Herein, 
subgroup and meta-regression analyses based on the BMI 
revealed that the association of fetuin-A with T2D became 
stronger with increasing BMI (Table  3; Supplementary 
Fig. 2). These findings suggest correlation between fetuin-
A with weight-related insulin resistance and T2D risk.

There is an ethnic susceptibility to obesity and diabe-
tes because of differences in lifestyle and genetic factors 
among various ethnic groups [68]. In a meta-analysis, 
the significant relationship between fetuin-A and cardio-
vascular disease was observed among Caucasians but not 
Asians [69]. We conducted a subgroup analysis based 
on geographic location that revealed no statistically sig-
nificant difference between subgroups, but we observed a 
stronger association between fetuin-A and T2D from stud-
ies conducted in Europa [n = 7, Hedges’ g = 4.99, 95% CI 
(3.21–6.77), P < 0.001] compared with studies conducted 
in Asia [n =  18, Hedges’ g =  1.36, 95% CI (0.90–1.83), 
P < 0.001]. Although this result can be explained by differ-
ences ethnic groups [68], this finding may be due to the fact 
that participant in most included studies was obese Euro-
pean people.

There may be a sex-specific association of fetuin-A with 
T2D. Plasma levels of fetuin-A in female rats after a high-
fat diet were significantly higher, but were significantly 
lower in males [70]. It is shown a stronger association 
between fetuin-A and T2D in women than men in two inde-
pendent cohort studies: EPIC-Potsdam study [47] and The 
Rancho Bernardo Study [54]. Consistent with these results, 
our subgroup analysis based on gender showed the stronger 
association between fetuin-A and T2D among women than 
men. This trend may partly be explained by differences in 
biological (such as BMI, sex hormones, sex chromosomes, 
sex-specific gene expression of autosomes body, and fat 
distribution), psychosocial stress (such as sleep deprivation 
and work stress), and lifestyle factors (such as nutrition and 
physical activity) [71].

For sample size-stratified analysis, a stronger relation-
ship between fetuin-A and T2D risk was found in the large 

sample subgroup [cases <50: n  =  9, Hedges’ g  =  0.73, 
95% CI (0.03–1.43), P =  0.4; 50 ≤  cases ≤  90: n =  13, 
Hedges’ g = 0.92, 95% CI (0.52–1.33), P < 0.001; Cases 
>100: n  =  5, Hedges’ g  =  9.04, 95% CI (7.09–10.99), 
P < 0.001]. In fact, larger sample size may indicate more 
actual relationship between fetuin-A and T2D risk.

As fetuin-A is an inhibitor of tissue and vascular cal-
cification, it is paramount to understand the interaction 
between vascular diseases and fetuin-A that might affect 
our results. In the subgroup analysis based on the presence 
of comorbidities other than T2D, the observed relation-
ship was not significant [n = 7, Hedges’ g = 0.47, 95% CI 
(−0.42 to 1.36), P = 0.30]. This may be due to the reason 
that in Karajic et al.’s study, the control group was non-dia-
betic chronic kidney disease (CKD) patients on hemodialy-
sis [27]. However, the sensitivity analysis showed that this 
study had no effect on the results.

In the current analysis, all the participants in four stud-
ies had chronic kidney disease [14, 16, 18, 19]. Although in 
a study with peripheral artery disease (PAD) subjects, the 
fetuin-A level was higher in diabetic people [26], others 
showed that fetuin-A level is lower in diabetic patients with 
PAD [43, 72, 73].

Smith et  al. compared plasma fetuin-A measurements 
made with two commercial fetuin-A ELISA kits (Biov-
endor and Epitope) and showed poor agreement between 
methods [74]. Although SMD was calculated on the basis 
of Hedges’s adjusted g, technical differences of ELISA 
kits and high variability in the values and units of fetuin-A 
could affect our results [51]. Biovendor kit was used in the 
nine included case–control studies and other kits were used 
in the others. Therefore, we did subgroup analysis based on 
the use of Biovendor kits or other kits. Although the results 
did not change statistically, in The Biovendor subgroup, the 
relationship was stronger than other kit (Table 3).

Mechanisms connecting fetuin‑A to T2D

The proposed underlying mechanisms of the interaction 
between fetuin-A and the T2D development are discussed. 
It is shown that fetuin-A is involved in insulin resistance, 
a primary abnormality leading to the development of T2D 
[75, 76].

Fetuin-A inhibits insulin receptor tyrosine kinase activ-
ity through blocking the autophosphorylation of tyrosine 
kinase and insulin receptor substrate-1 (IRS-1) resulting in 
the impaired insulin signaling and reduced insulin sensitiv-
ity in the liver and muscle [13, 77]. Indeed, it can directly 
induce muscle insulin resistance through decreasing skel-
etal muscle glucose uptake by decreasing glucose trans-
porter-4 (GLUT-4) translocation to the plasma membrane 
[78]. In fatty tissue, fetuin-A acts as an adaptor between 
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free fatty acids and Toll-like receptor 4 (TLR4) resulting in 
the production of inflammatory cytokines [11, 79].

Interestingly, the genes encoding fetuin-A and adiponec-
tin, an important insulin sensitizer and anti-inflammatory 
adipokine, are located next to each other on chromosome 
3q27 which is a T2D-susceptibility gene which is sugges-
tive of a possible connection between fetuin-A, adiponec-
tin, and T2D [80]. In fact, an inverse correlation between 
fetuin-A and adiponectin levels with opposite properties 
against insulin resistance is well known [81, 82]. Elevated 
levels of circulatory fetuin-A and hypoadiponectinemia 
that associate with the increased hepatic insulin resistance 
and hepatic fat content occur in subjects with nonalcoholic 
fatty liver disease (NAFLD) [83, 84]. These data suggest 
that adiponectin and NAFLD may play a main role in the 
association between fetuin-A and pathogenesis of diabetes 
[10, 47].

Strengths of study

The present study has several strengths. It may be the first 
meta-analysis focused on the relationship between fetuin-
A and T2D. The comprehensive search was conducted 
on multiple databases and was carried out and reported 
according to the Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) guidelines. We included pro-
spective studies, which could explain the causal relation-
ship between fetuin-A and T2D and reduce recall bias and 
selection bias.

Limitations of study

Some limitations also need to be considered. One of the 
most important limitations of this study was the high 
significant heterogeneity and moderate heterogeneity 
observed in case–control and prospective studies, respec-
tively. Second, in subgroup of geographic location of the 
case control studies, 18 studies were performed in Asia, 
7 in Europe, 1 in Australia, and 1 in America. Therefore, 
we have problem in generalizability of the results. Third, 
because some studies did not report the needed data, we 
could not evaluate the effect of some distracting factors. 
The duration of diabetes was reported in only 6 studies 
(ranged between 2.8 to 10  years). Diabetes duration can 
distract our results, because the patients with more dura-
tion of diabetes will suffer from more macrovascular and 
microvascular complications. The fetuin-A level in dia-
betic patients with or without these complications may 
be different. In addition, we could not evaluate the effect 
of using the drugs, because in the included studies, less 
attention was paid to the kind of the drug consumed. 
Fourth, in both analyses, publication bias was present. 

This publication bias may be due to that negative data may 
not be reported in observational studies. In addition, some 
studies could not be included in the meta-analysis because 
of the different used methods in the reporting. In addition, 
we only included English and published studies. Finally, 
we included low-quality studies too. However, stratified 
analysis showed that there was still significant relationship 
in low-quality subgroup (Table 3).

Implications for future studies

It is suggested to consider the following points for future 
studies. First, some genetic polymorphisms on fetuin-A 
gene can influence fetuin-A expression [59, 85]. Single-
nucleotide polymorphisms were identified that associate 
with insulin-mediated inhibition of lipolysis and stimula-
tion of lipogenesis in adipocytes [86], T2D [87], and fetuin-
A level [59, 88].

Second, since fetuin-A is a multifunctional glycopro-
tein and interacts with variety of receptors, it relates with 
several disorders and pathologic conditions [52, 89]. In 
addition, fetuin-A is an inflammatory molecule and also 
a negative acute-phase protein that reduces in inflamma-
tory conditions [42, 52]. In  vitro, some pro-inflammatory 
cytokines can downregulate the expression of fetuin-A 
gene [90]. Moreover, plasma fetuin-A level was correlated 
negatively with a large number of inflammatory cytokines/
chemokines in T2D individuals [42]. Therefore, every 
change in these inflammatory mediators or the presence of 
any inflammation or stress can affect the fetuin-A level.

Third, lack of reference values, standard unit of fetuin-
A, and existence of multiple commercial ELISA kits yield 
inconsistent values that are methodological challenges to 
studying human fetuin-A level [51].

Therefore, residual confounding due to genetic back-
ground, presence of any inflammation disease, and meth-
odological disparities due to measurement of fetuin-A level 
can be excluded in the future studies.

Conclusions

Our meta-analysis findings provide evidence to support a 
significant inverse association between the fetuin-A con-
centration and T2D risk. In addition, mean levels of fetuin-
A in T2D patients were prominently higher than healthy 
subjects. However, overall conclusions should interpret 
with caution due to significant heterogeneity between the 
case–control studies.
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