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ABSTRACT

Animal data link high circulating fetuin-A to low insulin sensi-
tivity and observational studies identify the hepatokine as a
marker of future incident type 2 diabetes mellitus in humans.
However, a recent, well-powered Mendelian randomization
study finds no causal role. We therefore tested in a deeply-phe-
notyped human cohort if circulating fetuin-A correlates inde-
pendently with insulin sensitivity and how it relates to the
metabolic syndrome and ectopic fat deposition. We analyzed
data from 290 young women with and without recent gesta-
tional diabetes mellitus. We found that circulating fetuin-A
correlates inversely with insulin sensitivity in univariate analy-
ses, but that this correlation is lost after adjustment for markers
of the metabolic syndrome and of fatty liver. Additionally, we
investigated which fat compartment associates most strongly
with circulating fetuin-A. In whole body MRI data from a sub-
cohort of 152 women, this was liver fat content. We conclude
that high circulating fetuin-A occurs as part of the metabolic
syndrome in young women and associates most strongly with
liver fat content. Its close link to the metabolic syndrome may
also cause the inverse correlation of circulating fetuin-A with
insulin sensitivity as we found no independent association.

Introduction

Fetuin-A (alpha-Heremans-Schmidt-Glycoprotein; AHSG) is a pro-
tein, which is abundantly secreted into the bloodstream by the liver
and is mainly involved in mineral trafficking [1].

Additional functions seen in vitro and in animal studies, are a
suppression of adiponectin production [2], the induction of sub-
clinical inflammation [3], and a non-competitive inhibition of the
insulin receptor tyrosine kinase [4]. In some of these functions, fe-
tuin-A was found to interact with non-esterified fatty acids (NEFA)
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[5]. Combined, these functions can reduce insulin sensitivity and
thus potentially link fetuin-A to the pathogenesis of type 2 diabe-
tes mellitus (T2DM).

However, whether high levels of fetuin-A cause insulin resist-
ance and T2DM in humans is still unclear. In several cross-section-
al studies, its circulating concentration correlated inversely with
insulin sensitivity [6-8], but this finding was not universal [8,9] and
the correlation was always weakened when adjustments for con-
ventional metabolic risk factors were included. Fetuin-A was also
found to be higherin prediabetic subjects compared to normogly-
cemic controls [10] and we previously showed the same for women
after gestational diabetes mellitus (GDM) compared to women
after a normoglycemic pregnancy [11]. Furthermore, high circu-
lating fetuin-A appeared to be an independent risk factor for future
T2DM in several prospective, observational studies [12]. High fe-
tuin-A and low adiponectin were found to be a particularly predic-
tive combination [13]. On the other hand, a recent, well-powered
Mendelian randomization study could not confirm a causal rela-
tionship [14].

The uncertainty about whether or not fetuin-A interferes direct-
ly with human glucose metabolism is caused by the fact that high
circulating concentrations of the protein associate with fatty liver
and other components of the metabolic syndrome [6]. Because
this syndrome, as a whole, lowers insulin sensitivity and increases
the risk for T2DM, the assessment of the specific role of fetuin-A is
problematic. Full adjustment for other metabolic syndrome-relat-
ed risk factors would be a prerequisite for this kind of analysis, but
this is often impossible in large cohort studies with limited pheno-
typic information. These difficulties can lead to an overestimation
of fetuin-A’s direct effect [12, 14].

To overcome this problem, we examined the association of cir-
culating fetuin-A with insulin sensitivity in a deeply-phenotyped
human cohort, where the potentially confounding factors were re-
corded in detail. Using this approach, we found no independent
negative correlation of fetuin-A with insulin sensitivity.

Subjects and Methods

Study cohort

We analyzed data from the baseline visit of the prospective, mono-
center, observational cohort study PPS Diab (‘Prediction, Preven-
tion and Subclassification of Type 2 Diabetes Study’). Participants
were enrolled between November 2011 and May 2016. The study
population consists of women with GDM during their last pregnan-
cy (post GDM group) and women following a normoglycemic preg-
nancy (control group) in the ratio 2:1. The cohort was recruited
consecutively from the diabetes center and the obstetrics depart-
ment of the University Hospital (Klinikum der Universitat Miinchen)
in Munich, Germany.

Eligible women were premenopausal and within 3 to 16 months
after a singleton or twin (n=9) pregnancy with live birth(s). The di-
agnosis of GDM was based on a 75 g oral glucose tolerance test
(OGTT). The cut-off values for GDM were 92/180/153 mg/dI plas-
ma glucose following the International Association of the Diabetes
and Pregnancy Study Group (IADPSG) recommendations. Women
could participate as controls if they had no history of GDM in any
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previous pregnancy and eitheranormal 75g OGTT oranormal 50g
screening OGTT (<135 mg/dl plasma glucose after 1 h, n=10) after
the 23 week of gestation.

Exclusion criteria for this study were alcohol or substance abuse,
pre-pregnancy diabetes and chronic diseases requiring continuous
medication, except for hypothyroidism (n=52), bronchial asthma
(n=8), mild hypertension (n=4), gastroesophageal reflux (n=2),
and history of pulmonary embolism resulting in Rivaroxaban proph-
ylaxis (n=1).

Written informed consent was obtained from all study partici-
pants and the protocol was approved by the ethical review com-
mittee of the Ludwig-Maximilians-Universitét (study ID 300-11).

Main outcomes

We focused on the correlation of the fasting fetuin-A level in plas-
ma with insulin sensitivity, determined during an OGTT immedi-
ately following the fasting blood draw. We examined this correla-
tion with and without adjustment for other components of the
metabolic syndrome.

Measurements

History, questionnaires, anthropometrics, blood sampling,
and OGTT

All study participants provided a detailed medical history. Weight,
height, waist, and hip circumference were determined using stand-
ard protocols [11]. Blood pressure was measured in a seated posi-
tion. Mean blood pressure (bp) was calculated as (systolic pres-
sure +diastolic pressure x 2)/3. A fasting blood draw and 5-point
759 OGTT were done in the morning after at least 10 h of fasting.

Plasma glucose, triglycerides, HDL cholesterol and gamma glu-
tamyl transferase were determined in a routine clinical chemistry
laboratory. Insulin was measured in serum by a chemolumines-
cence immunoassay (DiaSorin Liaison; Saluggia, Italy), fetuin-A in
EDTA plasma by an ELISA (BioVendor, Heidelberg, Germany). The
insulin sensitivity index (ISI) was calculated according to Matsuda
and de Fronzo [15]. The rise in serum insulin from 0 to 30 min of
the OGTT (AINS 30') was used as the measure of insulin secretion.
This approach was previously validated using intravenous GTT data
[11].

MRI

All study participants were invited to undergo a whole-body MRI
scan (3 Tesla system, Ingenia, or Achieva; Philips Healthcare, Best,
Netherlands). A detailed MRI protocol was published previously
[11].

In brief, liver fat content was determined by fat-fraction maps
generated from a modified two-point Dixon sequence. Three regions
of interest with sizes of approximately 120-150 mm?2 each were
placed in segment VIl in the right liver lobe. Visceral adipose tissue
volume (VAT) was determined on a three-dimensional mDixon or an
axial T1 weighted whole body sequence using the segmentation
software SliceOmatic 4.3 rev-11 (TomoVision, Magog, Canada).

Statistical analysis

Metric variables are presented as median (1. quartile; 3. quartile),
categorial variable as number (percentage). The Spearman corre-
lation coefficient (p) is used for univariate correlations. For multi-
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»Table 1 Baseline characteristics of the study cohort (n=290).

Age (years)
Time since delivery (months)

Glucose tolerance at study visit

Glucose tolerance during
Preceding pregnancy
BMI (kg/m?2)

WC (cm)

Mean BP (mmHg)

ISI

AINS 30’ (mUJI)
Triglycerides (mg/dl)
HDL cholesterol (mg/dl)
NEFA (pmol/l)

GGT (U/l)

Fetuin-A (pg/ml)
Adiponectin (pg/ml)
Liver fat content (%; n=152)
VAT (I; n=152)

35 (33; 38)

9.1(7.3;11.8)

NGT 210(72.4%)
IFG 35(12.1%)
IGT 26 (9.0%)
IFG + IGT 12 (4.1%)
T2DM 7(2.4)
GDM 188 (64.8%)
NGT 102 (35.2%)
23.6(21.4; 27.1)

79 (73; 87)

87 (82; 94)

5.3 (3.4;7.5)

44.0 (31.6; 67.5)

68 (54; 92)

62 (53; 72)

601 (479; 746)

14 (11; 19)

238 (214; 263)

11.27 (7.81; 14.89)

0.43 (0; 1.36)

1.63 (1.01; 2.64)

BMI: Body mass index; WC: Waist circumference; Mean BP: Mean
blood pressure; ISI: Insulin sensitivity index; AINS 30': Rise in serum
insulin from 0 to 30 min of the OGTT; NEFA: Non-esterified fatty
acids; GGT: Gamma glutamyl transferase; VAT: Abdominal visceral

adipose tissue volume.
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»Fig. 1 Scatterplot of insulin sensitivity index (ISI) and circulating

fetuin-A; p=-0.26 p=<0.0001.

18I
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triglycerides

hdl cholesterol

mean BP

ISI

fetuin-A

BMI| -0.62

WC | -0.58

GGT

triglycerides

hdl cholesterol

mean BP

»>Fig. 2 Correlation matrix of main study variables; visual rep-
resentation of the correlations in the upper right part, spearman
correlation coefficients in the lower left part; shaded squares mark
correlations with p-values 20.05, all others have a p-value <0.05;
n=290. ISI: Insulin sensitivity index; BMI: Body mass index; WC:
Waist circumference; GGT: Gamma glutamyl transferase; Mean BP:

Mean blood pressure

»Table 2 Different linear regression models with the dependent

variable log ISI.

Fetuin-A
Fetuin-A
BMI
Fetuin-A
WC
Fetuin-A
WC

GGT
Fetuin-A
WC

GGT
Triglycerides
Fetuin-A
WC

GGT
Triglycerides
HDL cholesterol
Mean BP

Adjusted
R2

0.07
0.45

0.43

0.46

0.51

0.51

Standardized
beta coefficient

-0.27

-0.14
-0.63
-0.14
-0.61
-0.12
-0.55
-0.20
-0.08
-0.47
-0.17
-0.25
-0.07
-0.44
-0.17
-0.24

0.02
-0.05

p-Value

<0.0001

0.002
<0.0001
0.002
<0.0001
0.006
<0.0001
<0.0001
0.08
<0.0001
0.0001
<0.0001
0.1
<0.0001
<0.0001
<0.0001
0.6
0.3

ISI: Insulin sensitivity index; BMI: Body mass index; WC: Waist
circumference; GGT: Gamma glutamyl transferase; Mean BP: Mean

blood pressure.
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»Table 3 Different linear regression models with the dependent variable log ISI.

Adjusted R?

v

Subgroup <

Fetuin-A 0.03 0.12
Fetuin-A 0.35 0.54
BMI

Fetuin-A 0.34 0.52
wcC

Fetuin-A 0.37 0.54
wC

GGT

Fetuin-A 0.44 0.57
WC

GGT

Triglycerides

Fetuin-A 0.43 0.57
wcC

GGT

Triglycerides

HDL cholesterol

Mean BP

Standardized beta coefficient p-Value

2 < =

-0.19 -0.36 0.02 <0.0001
-0.10 -0.18 0.14 0.003
-0.58 -0.67 <0.0001 <0.0001
-0.10 -0.18 0.14 0.003
-0.56 -0.66 <0.0001 <0.0001
-0.08 -0.16 0.19 0.007
-0.51 -0.60 <0.0001 <0.0001
-0.22 -0.15 0.001 0.02
-0.06 -0.10 0.32 0.09
-0.46 -0.50 <0.0001 <0.0001
-0.16 -0.15 0.02 0.01
-0.27 -0.22 0.0001 0.001
-0.08 -0.10 0.25 0.11
-0.46 -0.45 <0.0001 <0.0001
-0.17 -0.16 0.01 0.008
-0.25 -0.21 0.0008 0.003

0.06 0.01 0.42 0.85

0.03 -0.1 0.64 0.14

Subgroups of study participants with NEFA levels < and 2 of the cohort median. ISI: Insulin sensitivity index; BMI: Body mass index; WC: Waist
circumference; GGT: Gamma glutamyl transferase; Mean BP: Mean blood pressure.

i s

fetuin-A 08
06
BMI 0.4
0.2

wcC 0.9 | ro
| -0.2
liver fat 0.54 0.4
-0.6
VAT 0.81 0.84 0.55 -0.8

-

»Fig.3 Correlation matrix of fetuin-A, conventional measures of
adiposity [BMI: waist circumference (WC)], MRI-measured liver fat
content and abdominal visceral adipose tissue volume (VAT); visual
representation of the correlations in the upper right part, Spearman
correlation coefficients in the lower left part; all p-values <0.05;
n=152. WC: Waist circumference.

variate linear regressions, log ISI was used as the dependent varia-
ble. All analyses were performed with SAS version 9.4.

Results

A total of 304 women from the PPS Diab study cohort completed
the baseline visit. Out of these, we excluded two because of type
1 diabetes diagnosed during follow-up, two because of overt hy-
perthyroidism, one because of an acute upper respiratory infection
at baseline and nine because of at least one missing value for BMI,
waist circumference, triglycerides, HDL cholesterol, mean bp or ISI.
The final sample therefore consisted of 290 women. They were 35
(33; 38) years old, had a BMI of 23.6 kg/m?2 (21.4; 27.1) and an ISI
of 5.3 (3.4; 7.5). During the preceding pregnancy, 188 (64.8 %) of
the women had had GDM and at the time of the study visit, 73
(24.2 %) had prediabetes and 7 (2.4 %) had newly-diagnosed T2DM.
The full baseline characteristics are shown in » Table 1.

In univariate correlation analyses, fetuin-A correlated negative-
ly with ISl (p=-0.26; p=<0.0001; » Fig. 1) and positively with BMI
(p=0.23; p=0.0001), waist circumference (WC; p=0.23; p<0.0001),
gamma glutamyl transferase (GGT; p=0.16; p=0.007), triglycerides
(p=0.25; p<0.0001) and mean bp (p=0.15; p=0.01) (> Fig. 2).

In a univariate linear regression analysis, fetuin-A associated
with log ISI (B=-0.27; p<0.0001). This association was weakened
with adjustment for BMI, WC or the combination of WC and GGT,
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as a surrogate marker for fatty liver, but remained significant. How-
ever, with adjustment for WC, GGT and triglycerides, as well as in
the full model with WC, GGT, triglycerides, HDL cholesterol and
mean bp, fetuin-A was no longer a significantly associated with log
ISI (> Table 2). Fetuin-A did not associate with early insulin secre-
tion in the OGTT (AINS 30; =0.11; p=0.054).

Because fetuin-A was previously shown to interact with high
NEFA [5] and low adiponectin [13] concentrations in the plasma,
we repeated the regression analyses of » Table 2 in the subgroups
of study participants with below and at or above median levels of
NEFA or adiponectin, respectively. While the results were similar for
high and low adiponectin (> Table 1S), the associations of fetuin-A
with log ISI were stronger for high than for low NEFA (> Table 3).
However, as in the whole study cohort, fetuin-A no longer associ-
ated significantly with log ISI with adjustment for WC, GGT, and tri-
glycerides, as well as in the full model with WC, GGT, triglycerides,
HDL cholesterol, and mean bp.

We also measured liver fat content and body fat distribution by
MRIin a subcohort of 152 women (> Fig. 3). Here, fetuin-A corre-
lated most strongly with liver fat content (p=0.28; p=0.0005) and
less strongly with waist circumference (p=0.23; p=0.005), BMI
(p=0.21; p=0.01) and abdominal visceral adipose tissue volume
(p=0.2;p=0.02).

Discussion

The main findings of this cross-sectional analysis in young women
were that circulating fetuin-A correlates inversely with insulin sen-
sitivity, as shown previously, but that this is not an independent
correlation. Rather, elevated fetuin-A appears to be just one com-
ponent of the metabolic syndrome, which, as a whole, causes in-
sulin resistance.

Our findings disagree with previous publications that found an
independent, negative association of fetuin-A with insulin sensitiv-
ity [5-9, 13]. One possible reason for this disagreement is the dif-
ferent structure of our cohort compared to the previous studies.
With only premenopausal women and a relatively low median liver
fat content in our cohort, the association of fetuin-A with insulin
sensitivity may have been weakened. We observed similar results
for FGF-21 in another hepatokine we measured in this cohort (data
not shown). An alternative reason for the disagreement of this
study with previous publications may be that different variables
were included in the final multivariate models. We could confirm
that high fetuin-A associates with insulin resistance more closely
in the presence of high plasma NEFA [5]. This effect did not make
fetuin-A an independent factor after multivariate adjustment but
it was nevertheless noticeable (> Table 3).

In addition to the results discussed so far, our analysis of MRI
data confirmed the specific link of high circulating fetuin-A and
fatty liver, which had already been shown previously [6]. This link
may tie fatty liver to bone mineralization and vascular calcification
because fetuin-Ais involved in both processes [1]. This connection
warrants further investigation.

The strengths of our study include its cohort thatis homogene-
ous for sex and age but has a wide range of BMI and metabolic dis-
ease risk. Additionally, phenotyping in this prospective cohort was
precise and in depth and preanalytic procedures were optimized
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to obtain high quality biosamples. The weaknesses of our study in-
clude its cross-sectional, observational design that precludes the
definitive determination of cause-effect relationships. Additional-
ly, our focus on young women, although a strength with respect to
aclean analysis, does not permit generalization to other segments
of the population.

We conclude that high circulating fetuin-Ais linked to metabol-
ic syndrome and hepatic steatosis in young women and is also as-
sociated with low insulin sensitivity. This association, however, is
not independent and therefore the importance of fetuin-A in this
segment of the population remains unclear. Further investigations
of the relevant cause-effect relationships are warranted. Addition-
ally, plasma fetuin-A may be a helpful biomarker for metabolic syn-
drome in young women with a particular relevance in context of
gestational diabetes mellitus.
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Supplementary Material

»Table 1S Different linear regression models with the dependent variable log ISI; Subgroups of study participants with adiponectin levels <

and > the cohort median.

subgroup

fetuin-A
fetuin-A
BMI
fetuin-A
WC

fetuin-A
WC

GGT
fetuin-A

wWC

GGT
triglycerides
fetuin-A

wWC

GGT
triglycerides
hdl cholesterol

mean BP

Adjusted R?

0.06
0.51

0.58

0.58

0.05
0.29

0.22

0.24

0.32

0.32

Standardized beta coefficient

-0.26

-0.15
-0.68
-0.15
-0.67
-0.13
-0.60
-0.21
-0.07
-0.54
-0.21
-0.24
-0.07
-0.55

0.20

0.23

0.04

0.04

-0.24

-0.12
-0.50
-0.14
-0.43
-0.12
-0.41
-0.15
-0.11
-0.29
-0.07
-0.33
-0.09
-0.27
-0.08
-0.32
-0.02
-0.1

p-value

0.002

0.01
<0.0001
0.02
<0.0001
0.02
<0.0001
0.0006
0.22
<0.0001
0.0005
0.0001
0.21
<0.0001
0.0006
0.0004
0.53
0.60

0.004

0.10
<0.0001
0.06
<0.0001
0.10
<0.0001
0.05
0.12
0.0002
0.37
<0.0001
0.19
0.001
0.32
0.0002
0.82
0.20

ISI=insulin sensitivity index; BMI=body mass index; WC=waist circumference; GGT=gamma glutamyl transferase; mean BP=mean blood pressure.
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