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Abstract

Background and objective Fetuin-A 1is a liver-derived cir-
culating protein that is associated with insulin resistance
and diabetes. The objective of this systematic review and
meta-analysis of published observational studies was to
investigate mean levels of fetuin-A in T2D patients and the
relationship between blood fetuin-A levels and T2D risk.
Materials and methods PubMed, Embase, Google Scholar,
Web of Science, and The Cochrane Library were system-
atically searched for potential relevant studies up to 1
December 2016. Natural logarithm-transformed estimate
risks, standard mean differences on the basis of Hedg-
es’s adjusted g, and 95% confidence intervals (Cls) were
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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, I* = 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, I? = 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% Cls, 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 (I* > 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, 3041, 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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Fig. 1 Flow diagram of study

selection c
Cochrane Library)

y

1116 Studies identified in the databases: (PubMed, Web of Science, Embase, and The

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)

le———— 2 Articles identified through Google Scholar searching

32 Articles included: (27 case-control studies, 5 cohort studies)

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, P = 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
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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, I> = 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



J Endocrinol Invest

ewse[d 1/3) T€S0 ST1/9%1 6°SS aysd 192 ¥10T
S - VSI'Td L9Y0 ON 9I/L] 768 adsa ove vsn [¥1] Te e ereros
wnieg (qu/3n) ¢61¢ 9¢€T ¥2/9C 6°€S - 0s €10
9 - VSI'Td €LSE $9z 9TT 8¢S - 0S uepsyed  [z¢] e 30 vwine
wnieg (1/3w) 927 €0€ 12/L Top - 8¢ €10C
S - VSI'Td Iy 0 1€ €¢/L ¥0S - 09 eukS  [1¢] Te 30 ey
wnnRg  (qw/3n) 0g'80€ (74 vE/Se €6'79 - 69 €107
8 Jopua3 93y VSI'Td 68°87€ ST 1€/18 9'79 - 48! eury)  [og] Te 1o oryz
wnnRg  (w/3n) 0z'Tel ') 9t €102
€ - VSI'Td 8°SI1 ON ON ON aid St ©aI0y] [91] 'Te 10 wry
T10T

urnsut sury wniag (1p/3w) 9z '8¢ - 891 l6c]
g -oseq TN 93V VNI 1’62 T8¢ ON ON - 9¢l Auewuen [ 39 uuBWpIg
1102

wnisg (Tw/3M) 0°'16€ € S1/8 $0°SS - X4 [L1]
14 - VSI'Td $'86C 0¢ 6T/11 SL6Y - ot Aoyang, [e 30 Znpuny
LLREIN (Tuw/3r) 0°00¢ €TC TS 79 - v6 1102
6 Jopueg a3y VSI'Td 0'1v¢ v'eC €v/1S 79 - 6 uemre], [8¢] Tee nO
wneg (qu/3u) ¢ L1 ¥ 61/9C 65 D sv 1102
L Jopuasg ‘98y VSI'Td 9T 1€ TTUET 6S - Gy emwaaolS  [£7] e 1R oulery
wnps  (quy3n) gproge 1'9Z 91/8¢C I'19 avd v 110C
6 Jopuag 93y VSI'Td 6111V 967 L1/8€ T avd S¢S elysny  [97] '[e 30 JueIo]
wnivg (1/8W) 062 SHe L6TI/TIL €65 - 800C 1102
L - VSITd LL'80E €92 €68/S0L 8¢9 - 8651 euly)  [gz] [e ¥e Suog
010¢T

wniog ap/8w) 7'Lg €€ 0/1$ IS - v6l §Z4!
L - VSI'Td ¥0€ ST 0/LS LS - Sl uedef  [e 30 Iyseqrys|
weg (Tw/3n) 61T 9'6C €2/0T €19 - e 010¢T
L - VSI'Td 9vee 6°€¢ TENT ¥'79 - 96  Auewen  [¢7] [e 30 saluoy,
ewised 19 0£T°0 '8C €1/09 ¥'L9 @D €L 010C
€ - vSI'Td 0820 90¢ 79! 8'89 ad 61 N [61] B piog
800¢

LLREIN 1/3) 0920 1'¥C 6¥/0L 49 D 611 (811
S - VSI'Td TIT0 ¥'9C y1/2€g 6S a1 9y  AuBwleD  °[eJ0 UOSS[XY
[onuo) [onuo) [onuo) Tonuo) [onuo) [onuo) uon
ase) ase) ase) ase) ase) ase) -vorqnd jo So%
S9[qeLIBA qdureg (yrun) (;u (uowom s309[qns (9ouaI19yar)
21005 A)renQ) 10j SUIYOIB[N  POYIoUI ABSSY V-Uummoy ued]y  /3Y) [ING UBSIN /UQWI) IOpUAL) (S1BAK) o8B UBQJ\  JO 9seasIp IoyyQ ozis ojdweg  Anuno) Joyine pea|

¢L pue y-urnjoj Sure[naIr uo sasA[eue-ejouw ayj Ul papnjoul SaIpnjs [ONU0I—ased PAYIUSPI Y JO SONSLIJOBIRYD) ¢ I[qEL

pringer

a's



J Endocrinol Invest

Kesse Anoworoydouounwwit YA/ ‘Aesse Anowipiqinjounwuwit yz7
‘Kesse JUQIOSOUNUILIT PAYUI[-QWAZUD Y§7H ‘URAIS 10U O ‘UONOJUL SNIIA D) sNIeday S1UOIYd A DK ‘QSeaSIp [eUal 9TBIS-PUd (FYST “seasip [enane [eroyduad vy 9seasip Aoupry o1uoIyd qy)

9107

BuwIsed (quy3n) o' gey 997 8¢/61 979 - LS lep] Te 10
L - VSI'Td €795 L'6T 91/0T ¥'59 - 9¢ 929910 nopeLayYIg
ewseld  (jwy3d) 0£'Z19 .14 /8T - oL 910C
S - JVIN Xeurung 0T°LLY L'6T €2/0€ DN - €S wemny]  [gy] 'Te 10 nypurg
wnieg (Tw/3w) €0y L'€T 8/01 9'9¢ ADH 81 910¢C
9 - vSI'Td vE'S 8'€T Yivl €vTy ADH 81 1dA3g [1¥] T2 9 v
9107

Topuog wnos (Tw/3) 082°0 TTE T€/€h TSI - vL lov]
8 ‘TN 93V VSI'Td 00£°0 43 T€/Eh SST - pL  Auewion Te 19 JqauIy
wnivg (Tw/3r) 8'6€7 L8VT S€/0€ 1L°8S - 9 910¢C
9 - VSI'Td 1987 SE'ST YRS $6'8S - S6 eurg)  [6€] e 10 noyz
wnivg (1/3w) 8°5¢6 1%/95 'ty - L6 102
S - VSI'Td $S'199 ON SS/€T 88 - 8L Aoyain,  [8€] Te 10 uny
vwIsed (1/8w) £'TST 8€HT 9/ 6LET - 001 S10T
L - VSI'Td "89¢ ST /S 11°SS - 00T [utife) [L€] e 10 uIg
NG wnRs (/3 $165T 89'ST 9¢/z¢€ 9'95 - 89 S10C
6 ‘1opuag 08y VSI'Td 12°68C 96'ST 62/6€ 6¥'LS - 89 eurg)  [9g] Te 19 oeyz
wnwRs (DN €6'9Lp1 81°¢S - sL S10T
9 1opuas o8y VSI'Td Y£192C ON ON 0S°SS - SL wery  [pp] Te 10 1810g
wneg  ((uy/3n) g6 y8T 02/0T €0'SH - or ¥10C
9 1opuag a8y VSI'd 65°6€€ DN 02/0T SY'Ly - or 1dAST [c€] e 10 pawyy
wnreg  (quy3n) 99'8TH ST 12/6T 86°6€ - 0s ¥10C
8 - VSI'Td 1L L6 S'sT 9¢/0€ €81 - 99 vIpul  [p€] 'Te 10 eing
ewse|q (qw/3r) 7167 - €09 10T
S - VSI'Td 1'79T ON ON ON - 9 uedef [¢€] T8 19 TYONQO
[onuo) [onuo) [onuo) [onuo) [onuo) [onuo) uon
ase) ase) aseD ase) aseD ase) ~voriqnd jo Eow
SO[qRLIBA orduwreg (yrun) (;u (uwom sy00[qns (9oua1ayar)
21005 A)1enQ) 10J SUIYOIB]N  pOYIoUW ABSSY V-Uurmoy ued]y  /3Y) [ING UBSIA JUQW) JOpUAL) (SIBAK) o8B UBQJ\  JO OseasIp IoyyQ ozis ojdweg  Anuno) Joyine pea|

ponunuod g dqel,

pringer

Qs



J Endocrinol Invest

ayejur [oyoo[e
‘Sunjows ‘Iur[oho

‘Kianoe 11o0ds ‘A uerorsAyd e Kuewron ¥10C
-Anoe [euonednoso  £q pawryuod (TL'1°88°0) Buse[d S9-¢¢  (F¥9'91/4#06°01) HOY0o-9s8D Aprs wep (o1]
6  ‘UONEONDI ‘Xas ‘OFy uodar-jog €'l V1I $602/8¢9 -oSuey 8VS°LT L aAnoadsold -S10d-DIdd - '[B19 UBJAlS
10D L1V
‘D ‘uorsuoarrodAy
IO BIWO[0IA)SI]
-oyo1adAy jo K10}
-s1y ‘vondwnsuod
93102 ‘TAHV
‘sajoqeIp JO AI0JSIY  BLIAIID 866
Arurey ‘asn Joyoore UONRIOSSY
‘Knanoe [earsAyd saleqeIq
‘asn auowrIoy uBdSLIOWY
resnedouounysod 0y Surpioooe vSn
‘snyeys Junjows SpJI0daI [BD [on (SHN)
‘OM TING ‘Suimerp -1pout Aq -U0J—3sed Apms
POOIq JO Jwn ‘sny pawLIguos (90°¢ BuIse[d 6L—¢€S paisau YiesH €10T
g -e1s Sunsey ‘ooer ‘08y uodar-jios  —L0'1) 181 VSI'Td 0LY/OLY eSuey  (L1L'81/0) LIL'81 $9 aAnoadsold SsosmN - [6] Te19 ung
d4dD
‘urungpe wnias
“TAH ‘SpLIdA3In
‘uorsualRdAy ‘Om
‘TING ‘oseasip
Ie[nNOSBAOIPIED JUdLe I0ye013
-ad1d ‘ojer uonen[y 1o [p/Sw 97|
IE[NIOWO[S Pajewl  [9AQJ 9s00N[3 Aueurron
-1$9 ‘Osn [0yod[e Sunsej e 10 Apmis
‘Sunjowrs ‘A)IAIOR  ‘SUONBOIPIW yeoH
TeorsAyd “oy1s 10100 S9JoqeRIp 96'1 wniog 100  IR[NOSBAOID 2102
6  PIOY ‘90®I *Xas o3y JoosnmoN  —C6°0) LE'T VSI'Td SOve/sOE 8L UBSIN  (LES/6ETT) OTLE 901 2andadsoid -eDAYL  [9v] R eX]
1918913
d4dD ‘uonenuad 1o [p/Sw 97|
-U0D OPIIAOAISII)  [QAJ] 950oN[3
“TH ‘[9A9] 9s0on[3 Sunsej e 10 vSn
Sunse ggq ddS  ‘SuonedIpaw Apmg
OM STom Apoq sajeqeIp uonisodwos
21098 AJIAT)OR [BD Jo asn mau (€S'¥ wniog 6L-0L 110[00-25BD Apoq pue 800C
6 -1skyd ‘ooer‘xes o8y ‘wodor-ys 8T I+'T VSI'Td 90b/SET esuey  ($8ST/T6FT) SLOE 9  oandadsorg ‘Suide ‘WreoH  [gp] Tete X
uoned
sajeqeIp (e} orduwreg S9sed Anuno) -1qnd jo reox
QI109$ saJeLIeA0d 7 2dA) Jo juowr 9%G6) AW poyow -uou/sased (s189K) (uswom/udur) (s1eaK) Apnys (9ouaI19yar)
Anend  pasnlpe wnwixey -UTR)IQOS Y 1S9 ST Kessy  ‘ozrs ojdwreg  o3e ourjeseqg sjuedronred v dn-moroq udIso oyl jooweN  Ioyne pea|

71 pue y-urnoj Sure[naIr uo sas[eue-gjou 3y} ur papnjour sarpnjs aanoadsord paynuapr ay) Jo sONSLIOBIRYD) ¢ I[qEL

pringer

a's



J Endocrinol Invest

Table 3 continued
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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
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Study included Statistics for each study Hedges's g and 95% CI Weight%
Author year Hedges's  Standard Lower Upper
g error Variance  limit limit Z-Value p-Value
Axelsson 2008 0.097 0173 0020 -0.426 0242 -0.562 0574 - 3.8
Ford 2010 0.798 0.262 00689 0284 1312 3045  0.002 —— 3.18
Ishibash 2010 0.512 0.2e8 0072 -0.012 1039 1912 0.056 - 378
Tonjes 2010 1.220 0.219 0.048 0800 1659 5605 0.000 - 3.84
Krajnc 2011 1.747 0248 0081 1265 2220 7.095 0.000 -+ g8
Lorant 2011 0.288 0202 0041 0029 0765 1.818  0.069 Hill- 3.8
Ou 2011 0.499 0.148 0022 0210 0789 3.385  0.001 E 3§ S50
Gunduz 2011 1.290 0283 0080 -1.844 0735 -4580  0.000 —— 378
Song 2011 0.491 0.024 0.001 0424 0557 14.424  0.000 | 38
Erdmann 2012 43323 1.761 3100 39.872 46774 24605  0.000 1.31
Zhso 2013 0.275 0154 0024 0074 0676 2440  0.015 . & 3.80
Fatima 2013 1.298 0.219 0048 03869 1728 5935  0.000 - 384
Khalil 2013 0.880 0.228 0056 0417 1344 3724  0.000 —- 38
Kim 2013 0.286 0.223 0050 -0.722 0.150 -1.285  0.199 - 3.84
Ahmed 2014 2096 0277 0077 1554 2638 7.579  0.000 —— 317
Dutta 2014 1.054 0.199 0.039 0684 1443 5304  0.000 —- £
Obuchi 2014 0.094 0.140 0.019 -0.180 0267 0.671  0.502 L 3 381
Scislla 2014 -1.202 0.089 0.008 -1.277 -1.027 -13.476  0.000 || 3.84
Akin 2015 3.828 0.248 0.081 3145 4110 14745  0.000 — %81
Beigi 2015 0.854 0.170 0029 0521 1.187 5029  0.000 EEs 389
Yin 2015 17.738 0.898 0.806 15978 19.498 19.752  0.000 280
Zhao 2015 0.922 0.179 0022 0570 1.273 5135  0.000 - 3.83
Reinehr 2016 0.497 0.1€8 0028 0172 0823 2995 0.003 R 3 3.8
Ali 2018 2143 0.412 0170 1.235 2951 5197  0.000 —— 357
Zhou 2016 0.674 0.165 0.027 0352 0997 4098  0.000 - 289
Sindhu 2016 0.170 0.180 0032 0184 0523 0941  0.347 388
Eleftheriadou 2016 1.109 0226 0051 0688 1553 4904  0.000 —i- 383
overall 1.735 0.247 0.081 1251 2218 7.032  0.000 i 100
-2.00 0.00 2.00 4.00

Heterogeneity test (I*=98.46%, P<0.001)

Random effects analysis

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

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, I> = 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 I 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.
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Table 4 Subgroup analyses of Variable

e . it No. of studies Effect size Heterogeneity
the association of circulating
levels of fetuin-A and T2D Hedges’ g 95% C1 P value % 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 - - - - -
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 - - - - -
BMI (kg/m?)
<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 20 222 (1.65-2.80) <0.001 98.48 <0.001
Yes 7 0.47 (—0.42to0 1.36) 0.30 97.43 <0.001
ELISA kits
Biovendor 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 Study name Statistics for each study Rate ratio and 95% CI weight%
fetuin-A levels and T2D risk Author year f:“:) L‘I’ixie'f UI?;?{ Zvalue p-Value
b et al. 2008 2410 1281 4534 2728 0006 10.98
b etal. 2012 1370 0954 1968 1704  0.088 2084
Sun etal. 2013 1810 1070 3061 2213 0027 14.04
Stefan et al. 2014 1230 0880 1720 1211 0226 2224
Aroneretal. 2016Men 1320 0840 2077 1203 0229 16.71
Aroner etal. 2016 Women 2609  1.595 4267 3821  0.000 15.20
Overall 1622 1264 2082 379  0.000 100

Heterogeneity test (12=46.06%, P=0.10)

0.5 1 2

5 1

Random effects analysis
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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.

@ Springer

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.



J Endocrinol Invest

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical disclosure All included studies have been reviewed by the
appropriate ethics committee and have, therefore, been performed in
accordance with the ethical standards.

Human and animal rights This article does not contain any studies
with human or animal subjects performed by the any of the authors.

Informed consent All persons gave their informed consent prior to
their inclusion in the studies.

References

1. Association AD (2010) Diagnosis and classification of diabetes
mellitus. Diabetes Care 33(Supplement 1):S62-S69

2. Beulens JW, Grobbee DE, Nealb B (2010) The global burden
of diabetes and its complications: an emerging pandemic. Eur J
Cardiovasc Prev Rehabil 17(1 suppl):s3—s8

3. Iroz A, Couty J-P, Postic C (2015) Hepatokines: unlocking
the multi-organ network in metabolic diseases. Diabetologia
58(8):1699-1703

4. Stefan N, Héring H-U (2013) The role of hepatokines in metabo-
lism. Nat Rev Endocrinol 9(3):144-152

5. Denecke B, Griber S, Schifer C, Heiss A, Woltje M, Jahnen-
Dechent W (2003) Tissue distribution and activity testing sug-
gest a similar but not identical function of fetuin-B and fetuin-A.
Biochem J 376(1):135-145

6. Chatterjee P, Seal S, Mukherjee S, Kundu R, Mukherjee S, Ray
S, Mukhopadhyay S, Majumdar SS, Bhattacharya S (2013)
Adipocyte fetuin-A contributes to macrophage migration into
adipose tissue and polarization of macrophages. J Biol Chem
288(39):28324-28330

7. Mathews ST, Singh GP, Ranalletta M, Cintron VJ, Qiang X, Gous-
tin AS, Jen K-LC, Charron MJ, Jahnen-Dechent W, Grunberger G
(2002) Improved insulin sensitivity and resistance to weight gain
in mice null for the Ahsg gene. Diabetes 51(8):2450-2458

8. Mathews ST, Rakhade S, Zhou X, Parker GC, Coscina DV,
Grunberger G (2006) Fetuin-null mice are protected against obe-
sity and insulin resistance associated with aging. Biochem Bio-
phys Res Commun 350(2):437—443

9. Sun Q, Cornelis MC, Manson JE, Hu FB (2013) Plasma levels
of fetuin-A and hepatic enzymes and risk of type 2 diabetes in
women in the US. Diabetes 62(1):49-55

10. Stefan N, Sun Q, Fritsche A, Machann J, Schick F, Gerst F,
Jeppesen C, Joost H-G, Hu FB, Boeing H (2014) Impact of the
adipokine adiponectin and the hepatokine fetuin-A on the devel-
opment of type 2 diabetes: prospective cohort-and cross-sec-
tional phenotyping studies. PLoS One 9(3):¢92238

11. Hennige AM, Staiger H, Wicke C, Machicao F, Fritsche A, Héring
H-U, Stefan N (2008) Fetuin-A induces cytokine expression and
suppresses adiponectin production. PLoS One 3(3):e1765

12. Dasgupta S, Bhattacharya S, Biswas A, Majumdar SS, Muk-
hopadhyay S, Ray S, Bhattacharya S (2010) NF-«kB mediates
lipid-induced fetuin-A expression in hepatocytes that impairs
adipocyte function effecting insulin resistance. Biochem J
429(3):451-462

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Mathews ST, Chellam N, Srinivas PR, Cintron VJ, Leon MA,
Goustin AS, Grunberger G (2000) o 2-HSG, a specific inhibitor
of insulin receptor autophosphorylation, interacts with the insu-
lin receptor. Mol Cell Endocrinol 164(1):87-98

Scialla JJ, Kao WL, Crainiceanu C, Sozio SM, Oberai PC, Shafi
T, Coresh J, Powe NR, Plantinga LC, Jaar BG (2014) Biomark-
ers of vascular calcification and mortality in patients with ESRD.
Clin J Am Soc Nephrol 9(4):745-755

Mori K, Emoto M, Yokoyama H, Araki T, Teramura M, Koyama
H, Shoji T, Inaba M, Nishizawa Y (2006) Association of serum
fetuin-A with insulin resistance in type 2 diabetic and nondia-
betic subjects. Diabetes Care 29(2):468

Kim HR, Kim S-H, Han M-J, Yoon Y-S, Oh D-J (2013) The ratio
of osteoprotegerin to fetuin-a is independently associated with
vascular stiffness in hemodialysis patients. Nephron Clin Pract
123(3-4):165-172

Gunduz FO, Yildirmak ST, Temizel M, Faki Y, Cakmak M, Dur-
muscan M, Sezgin F (2011) Serum visfatin and fetuin-a levels
and glycemic control in patients with obese type 2 diabetes mel-
litus. Diabetes Metab J 35(5):523-528

Axelsson J, Wang X, Ketteler M, Qureshi AR, Heimbiirger
O, Barany P, Lindholm B, Nordfors L, Stenvinkel P (2008) Is
fetuin-A/a2-Heremans-Schmid glycoprotein associated with the
metabolic syndrome in patients with chronic kidney disease? Am
J Nephrol 28(4):669-676

Ford ML, Tomlinson LA, Smith ER, Rajkumar C, Holt SG
(2010) Fetuin-A is an independent determinant of change of aor-
tic stiffness over 1 year in non-diabetic patients with CKD stages
3 and 4. Nephrol Dial Transplant 25:1853-1858

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Ren-
nie D, Moher D, Becker BJ, Sipe TA, Thacker SB (2000) Meta-
analysis of observational studies in epidemiology: a proposal for
reporting. JAMA 283(15):2008-2012

Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M,
Tugwell P (2000) The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses.
3rd Symposium on Systematic Reviews. http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.htm. Accessed Feb 2017
Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and
variance from the median, range, and the size of a sample. BMC
Med Res Methodol 5(1):1

Tonjes A, Fasshauer M, Kratzsch J, Stumvoll M, Bliiher M
(2010) Adipokine pattern in subjects with impaired fasting glu-
cose and impaired glucose tolerance in comparison to normal
glucose tolerance and diabetes. PLoS One 5(11):e13911
Ishibashi A, Ikeda Y, Ohguro T, Kumon Y, Yamanaka S, Takata
H, Inoue M, Suehiro T, Terada Y (2010) Serum fetuin-A is an
independent marker of insulin resistance in Japanese men. J Ath-
eroscler Thromb 17(9):925-933

Song A, XuM, BiY, XuY, Huang Y, Li M, Wang T, Wu Y, Liu Y,
Li X (2011) Serum fetuin-A associates with type 2 diabetes and
insulin resistance in Chinese adults. PLoS One 6(4):e19228
Lorant DP, Grujicic M, Hoebaus C, Brix J-M, Hoellerl F, Schern-
thaner G, Koppensteiner R, Schernthaner G-H (2011) Fetuin-A
levels are increased in patients with type 2 diabetes and periph-
eral arterial disease. Diabetes Care 34(1):156-161

Krajnc M, Pecovnik-Balon B, Hojs R, Rupreht M (2011) Com-
parison of coronary artery calcification and some coronary artery
calcification risk factors in patients on haemodialysis and in
patients with type 2 diabetes. J Int Med Res 39(3):1006-1015
Ou HY, Yang YC, Wu HT, Wu JS, Lu FH, Chang CJ (2011)
Serum fetuin-A concentrations are elevated in subjects with
impaired glucose tolerance and newly diagnosed type 2 diabetes.
Clin Endocrinol 75(4):450-455

. Erdmann J, Salmhofer H, Knaul A, Mayr M, Wagenpfeil S,

Sypchenko O, Luppa P, Schusdziarra V (2012) Relationship of

@ Springer


http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm

J Endocrinol Invest

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

fetuin-A levels to weight-dependent insulin resistance and type 2
diabetes mellitus. Regul Pept 178(1):6-10

Zhao Z-W, Lin C-G, Wu L-Z, Luo Y-K, Fan L, X-f Dong,
Zheng H (2013) Serum fetuin-A levels are associated with the
presence and severity of coronary artery disease in patients
with type 2 diabetes. Biomarkers 18(2):160-164
Faizehalkuobaili KH (2013) Elevated fetuin-A level associated
with an atherogenic lipid profile in type 2 diabetes. Int J] Pharm
Sci Rev Res 21(1):266-269

Fatima F, Zuberi NA, Noor S, Alam SM, Alam F (2013) Role
of fetuin-A in insulin resistance in type 2 diabetes mellitus.
Annals of Abbasi Shaheed Hospital & Karachi Medical &
Dental College 18(2):58-62

Obuchi A, Adachi H, Enomoto M, Fukami A, Kumagai E,
Nakamura S, Yoshimura A, Nohara Y, Nakao E, Umeki Y,
Fukumoto Y, Imaizumi T (2014) High plasma fetuin-A levels
are associated with metabolic syndrome among males but not
females in a Japanese general population. Diabetes Res Clin
Pract 106(1):128-135

Dutta D, Mondal SA, Kumar M, Hasanoor Reza AH, Biswas
D, Singh P, Chakrabarti S, Mukhopadhyay S (2014) Serum
fetuin-A concentration predicts glycaemic outcomes in people
with prediabetes: a prospective study from eastern India. Dia-
bet Med 31(12):1594-1599

Ahmed LI, Mousa SG, Mohamed NAE-G, Yousry ZA, Abd-
El Khalaa MR (2014) Fetuin-A and type II diabetes mellitus.
Egypt J Intern Med 26(4):157

Zhao C, Hou J, Wang S, Jiang R (2015) Relation of serum and
vitreous concentrations of fetuin-A with diabetic retinopathy.
Med Sci Monit 21:1839

Yin L, Cai W-J, Zhu L-Y, Li J, Su X-H, Wang X-L, Chang
X-Y, Sun K (2015) Association of plasma fetuin-A and clinical
characteristics in patients with new-onset type 2 diabetes mel-
litus. Int J Clin Exp Med 8(1):991

Akin F, Celik O, Altun I, Ayca B, Diker VO, Satilmis S, Sahin
C (2015) Relationship of fibroblast growth factor 23 and
fetuin-A to coronary atherosclerosis. J Diabetes Complicat
29(4):550-555

Zhou ZW, Ju HX, Sun MZ, Fu QP, Chen HM, Ji HB, Ji F, Jiang
DM (2016) Serum fetuin-A levels are independently correlated
with vascular endothelial growth factor and C-reactive protein
concentrations in type 2 diabetic patients with diabetic retinopa-
thy. Clin Chim Acta 455:113-117

Reinehr T, Karges B, Meissner T, Wiegand S, Stoffel-Wagner
B, Holl RW, Woelfle J (2016) Inflammatory markers in obese
adolescents with type 2 diabetes and their relationship to hepa-
tokines and adipokines. J Pediatr 173:131-135

Ali SA, Nassif WM, Abdelaziz DH (2016) Alterations in serum
levels of fetuin A and selenoprotein P in chronic hepatitis C
patients with concomitant type 2 diabetes: a case-control study.
Clin Res Hepatol Gastroenterol 40(4):465-470

Sindhu S, Akhter N, Shenouda S, Wilson A, Ahmad R (2016)
Plasma fetuin-A/a2-HS-glycoprotein correlates negatively
with inflammatory cytokines, chemokines and activation bio-
markers in individuals with type-2 diabetes. BMC Immunol
17(1):33

Eleftheriadou I, Grigoropoulou P, Kokkinos A, Mourouzis I, Per-
rea D, Katsilambros N, Sfikakis PP, Tentolouris N (2017) Asso-
ciation of plasma fetuin-A levels with peripheral arterial disease
and lower extremity arterial calcification in subjects with type 2
diabetes mellitus. J Diabetes Complicat 31(3):599-604

Beigi T, Shafaei A, Khoshnia M, Marjani A (2015) Serum fetuin
a level, liver enzymes activities and insulin resistance in patients
with type 2 diabetes. J Med Sci (Faisalabad) 15(5):229-234

Ix JH, Wassel CL, Kanaya AM, Vittinghoff E, Johnson KC,
Koster A, Cauley JA, Harris TB, Cummings SR, Shlipak MG

@ Springer

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

(2008) Fetuin-A and incident diabetes mellitus in older persons.
JAMA 300(2):182-188

Ix JH, Biggs ML, Mukamal KJ, Kizer JR, Zieman SJ, Siscovick
DS, Mozaffarian D, Jensen MK, Nelson L, Ruderman N (2012)
Association of fetuin-A with incident diabetes mellitus in com-
munity-living older adults the cardiovascular health study. Circu-
lation 125(19):2316-2322

Aroner SA, Mukamal KJ, St-Jules DE, Budoff MJ, Katz R,
Criqui MH, Allison MA, de Boer IH, Siscovick DS, Ix JH
(2017) Fetuin-A and risk of diabetes independent of liver fat
content the multi-ethnic study of atherosclerosis. Am J Epide-
miol 185(1):54-64

Roever L, Resende E, Borges A (2015) The role of hepatokines
in cardiovascular disease. J] Metab Syndr 5(1):1-3

Jung TW, Yoo HJ, Choi KM (2016) Implication of hepatokines
in metabolic disorders and cardiovascular diseases. BBA Clin
5:108-113

Yoo HJ, Choi KM (2015) Hepatokines as a link between obesity
and cardiovascular diseases. Diabetes Metab J 39(1):10-15
Robinson KN, Teran-Garcia M (2016) From infancy to aging:
biological and behavioral modifiers of fetuin-A. Biochimie
124:141-149

Mukhopadhyay S, Mondal S, Kumar M, Dutta D (2014) Proin-
flammatory and antiinflammatory attributes of fetuin-A: a novel
hepatokine modulating cardiovascular and glycemic outcomes in
metabolic syndrome. Endocr Pract 20(12):1345-1351

Stefan N, Fritsche A, Weikert C, Boeing H, Joost H-G, Héring
H-U, Schulze MB (2008) Plasma fetuin-A levels and the risk of
type 2 diabetes. Diabetes 57(10):2762-2767

Laughlin GA, Barrett-Connor E, Cummins KM, Daniels LB,
Wassel CL, Ix JH (2013) Sex-specific association of fetuin-A
with type 2 diabetes in older community-dwelling adults the ran-
cho Bernardo study. Diabetes Care 36(7):1994-2000

Kadoglou NP, Kottas G, Lampropoulos S, Vitta I, Liapis CD
(2014) Serum levels of fetuin-A, osteoprotegerin and osteo-
pontin in patients with coronary artery disease: effects of sta-
tin (HMGCoA-reductase inhibitor) therapy. Clin Drug Investig
34(3):165-171

Ochi A, Mori K, Emoto M, Nakatani S, Morioka T, Motoyama
K, Fukumoto S, Imanishi Y, Koyama H, Ishimura E (2014)
Direct inhibitory effects of pioglitazone on hepatic fetuin-A
expression. PLoS One 9(2):e88704

Haukeland JW, Dahl TB, Yndestad A, Gladhaug IP, Lgberg EM,
Haaland T, Konopski Z, Wium C, Aasheim ET, Johansen OE
(2012) Fetuin A in nonalcoholic fatty liver disease: in vivo and
in vitro studies. Eur J Endocrinol 166(3):503-510

Jenkins NT, McKenzie JA, Hagberg JM, Witkowski S (2011)
Plasma fetuin-A concentrations in young and older high-and
low-active men. Metabolism 60(2):265-271

Inoue M, Takata H, Ikeda Y, Suehiro T, Inada S, Osaki F, Arii
K, Kumon Y, Hashimoto K (2008) A promoter polymorphism of
the a2-HS glycoprotein gene is associated with its transcriptional
activity. Diabetes Res Clin Pract 79(1):164-170

Metry G, Stenvinkel P, Qureshi A, Carrero J, Yilmaz M, Barany
P, Snaedal S, Heimbiirger O, Lindholm B, Suliman M (2008)
Low serum fetuin-A concentration predicts poor outcome only
in the presence of inflammation in prevalent haemodialysis
patients. Eur J Clin Invest 38(11):804-811

Munafo MR, Flint J (2004) Meta-analysis of genetic association
studies. Trends Genet 20(9):439-444

Roca-Rivada A, Alonso J, Al-Massadi O, Castelao C, Peinado
JR, Seoane LM, Casanueva FF, Pardo M (2011) Secretome anal-
ysis of rat adipose tissues shows location-specific roles for each
depot type. J Proteomics 74(7):1068—1079

Pérez-Sotelo D, Roca-Rivada A, Larrosa-Garcia M, Castelao
C, Baamonde 1, Baltar J, Crujeiras AB, Seoane LM, Casanueva



J Endocrinol Invest

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

FF, Pardo M (2017) Visceral and subcutaneous adipose tissue
express and secrete functional alpha2hsglycoprotein (fetuin A)
especially in obesity. Endocrine 55(2):435-446

Ix JH, Shlipak MG, Brandenburg VM, Ali S, Ketteler M,
Whooley MA (2006) Association between human fetuin-A and
the metabolic syndrome data from the heart and soul study. Cir-
culation 113(14):1760-1767

Brix JM, Stingl H, Hoéllerl F, Schernthaner GH, Kopp H-P,
Schernthaner G (2010) Elevated Fetuin-A concentrations in
morbid obesity decrease after dramatic weight loss. J Clin
Endocrinol Metab 95(11):4877-4881

Trepanowski J, Mey J, Varady KA (2015) Fetuin-A: a novel
link between obesity and related complications. Int J Obes
39(5):734-741

Murdolo G, Tortoioli C, Celi F, Bini V, Papi F, Brozzetti A,
Falorni A (2017) Fetuin-A, adiposity-linked insulin resistance
and responsiveness to an educational-based weight excess
reduction program: a population-based survey in prepubertal
schoolchildren. Endocrine 56(2):357-365

Abate N, Chandalia M (2003) The impact of ethnicity on type
2 diabetes. J Diabetes Complicat 17(1):39-58

Sun Z-L, Xie Q-Y, Guo G-L, Ma K, Huang Y-Y (2014) Serum
fetuin-A levels in patients with cardiovascular disease: a meta-
analysis. BioMed Res Int 2014:1-9

Liu H, Choi JW, Yun JW (2012) Gender differences in rat
plasma proteome in response to high-fat diet. Proteomics
12(2):269-283

Kautzky-Willer A, Harreiter J, Pacini G (2016) Sex and gender
differences in risk, pathophysiology and complications of type
2 diabetes mellitus. Endocr Rev 37(3):278-316

Eraso LH, Ginwala N, Qasim AN, Mehta NN, Dlugash
R, Kapoor S, Schwartz S, Schutta M, Igbal N, Mohler ER
(2010) Association of lower plasma fetuin-A levels with
peripheral arterial disease in type 2 diabetes. Diabetes Care
33(2):408-410

Roos M, Oikonomou D, von Eynatten M, Luppa PB, Heemann
U, Lutz J, Baumann M, Nawroth PP, Bierhaus A, Humpert PM
(2010) Associations of fetuin-A levels with vascular disease in
type 2 diabetes patients with early diabetic nephropathy. Cardio-
vasc Diabetol 9(1):1

Smith ER, Ford ML, Tomlinson LA, Rocks BF, Rajkumar C,
Holt SG (2010) Poor agreement between commercial ELISAs
for plasma fetuin-A: an effect of protein glycosylation? Clin
Chim Acta 411(17):1367-1370

Martin B, Warram J, Krolewski A, Soeldner J, Kahn C, Bergman
R (1992) Role of glucose and insulin resistance in development
of type 2 diabetes mellitus: results of a 25-year follow-up study.
Lancet 340(8825):925-929

Stefan N, Hennige AM, Staiger H, Machann J, Schick F, Krober
SM, Machicao F, Fritsche A, Hiring H-U (2006) a2-Heremans-
Schmid glycoprotein/fetuin-A is associated with insulin resist-
ance and fat accumulation in the liver in humans. Diabetes Care
29(4):853-857

Auberger P, Falquerho L, Contreres JO, Pages G, Le Cam G,
Rossi B, Le Cam A (1989) Characterization of a natural inhibitor

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

of the insulin receptor tyrosine kinase: cDNA cloning, purifica-
tion, and anti-mitogenic activity. Cell 58(4):631-640

Malin SK, Mulya A, Fealy CE, Haus JM, Pagadala MR, Scelsi
AR, Huang H, Flask CA, McCullough AJ, Kirwan JP (2013)
Fetuin-A is linked to improved glucose tolerance after short-term
exercise training in nonalcoholic fatty liver disease. J Appl Phys-
iol 115(7):988-994

Pal D, Dasgupta S, Kundu R, Maitra S, Das G, Mukhopadhyay
S, Ray S, Majumdar SS, Bhattacharya S (2012) Fetuin-A acts as
an endogenous ligand of TLR4 to promote lipid-induced insulin
resistance. Nat Med 18(8):1279-1285

Vionnet N, Dupont S, Gallina S, Francke S, Dotte S, De Matos F,
Durand E, Leprétre F, Lecoeur C, Gallina P (2000) Genomewide
search for type 2 diabetes—susceptibility genes in French Whites:
evidence for a novel susceptibility locus for early-onset diabetes
on chromosome 3q27-qter and independent replication of a type
2—diabetes locus on chromosome 1q21-q24. Am J Hum Genet
67(6):1470-1480

Ix JH, Sharma K (2010) Mechanisms linking obesity, chronic
kidney disease, and fatty liver disease: the roles of fetuin-A, adi-
ponectin, and AMPK. J Am Soc Nephrol 21(3):406-412

Jung TW, Youn B-S, Choi HY, Lee SY, Hong HC, Yang SJ, Yoo
HJ, Kim B-H, Baik SH, Choi KM (2013) Salsalate and adi-
ponectin ameliorate hepatic steatosis by inhibition of the hepa-
tokine fetuin-A. Biochem Pharmacol 86(7):960-969

Pagano C, Soardo G, Esposito W, Fallo F, Basan L, Donnini D,
Federspil G, Sechi LA, Vettor R (2005) Plasma adiponectin is
decreased in nonalcoholic fatty liver disease. Eur J Endocrinol
152(1):113-118

Musso G, Gambino R, Durazzo M, Biroli G, Carello M, Faga
E, Pacini G, De Michieli F, Rabbione L, Premoli A (2005) Adi-
pokines in NASH: postprandial lipid metabolism as a link between
adiponectin and liver disease. Hepatology 42(5):1175-1183
Fisher E, Stefan N, Saar K, Drogan D, Schulze MB, Fritsche A,
Joost H-G, Hiring H-U, Hubner N, Boeing H (2009) Association
of AHSG gene polymorphisms with fetuin-A plasma levels and
cardiovascular diseases in the EPIC-Potsdam study. Circ Cardio-
vasc Genet 2(6):607-613

Dahlman I, Eriksson P, Kaaman M, Jiao H, Lindgren C, Kere J,
Arner P (2004) a2-Heremans—Schmid glycoprotein gene poly-
morphisms are associated with adipocyte insulin action. Diabeto-
logia 47(11):1974-1979

Siddiq A, Lepretre F, Hercberg S, Froguel P, Gibson F (2005) A
synonymous coding polymorphism in the a2-Heremans-Schmid
glycoprotein gene is associated with type 2 diabetes in French
Caucasians. Diabetes 54(8):2477-2481

Osawa M, Umetsu K, Ohki T, Nagasawa T, Suzuki T, Takeichi
S (1996) Molecular evidence for human alpha2-HS glycoprotein
(AHSG) polymorphism. Hum Genet 99(1):18-21

Mori K, Emoto M, Inaba M (2011) Fetuin-A: a multifunc-
tional protein. Recent Pat Endocr Metab Immune Drug Discov
5(2):124-146

Wang H, Sama AE (2012) Anti-inflammatory role of fetuin-A in
injury and infection. Curr Mol Med 12(5):625-633

@ Springer



	The association between circulating fetuin-A levels and type 2 diabetes mellitus risk: systematic review and meta-analysis of observational studies
	Abstract 
	Background and objective 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data sources and search strategy
	Study selection
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Quality assessment
	Fetuin-A levels among type 2 diabetes patients
	Fetuin-A levels and risk of type 2 diabetes

	Discussion
	Summary of findings
	Comparison of results with the previous studies
	Heterogeneity in study results
	Alternative explanation of subgroup and meta-regression analyses findings
	Mechanisms connecting fetuin-A to T2D
	Strengths of study
	Limitations of study
	Implications for future studies

	Conclusions
	References




