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Preeclampsia is associated with decreased serum
a2-HS glycoprotein (fetuin-A) concentration

Attila Molvarec1, László Kalabay2, Zoltán Derzsy1, András Szarka1, Amrita Halmos1, Balázs Stenczer1,
Philippe Arnaud3, István Karádi4, Zoltán Prohászka4,5 and János Rigó Jr1

The purpose of this study was to determine serum a2-HS glycoprotein (AHSG) concentration and its diagnostic accuracy

in preeclampsia. In this case–control study, the serum C-reactive protein (CRP) and AHSG levels were measured in 93

preeclamptic patients and in 127 healthy pregnant women by immunoturbidimetry and radial immunodiffusion. The serum CRP

levels were significantly higher, whereas the serum AHSG concentrations were significantly lower in the preeclamptic group

than in the control group (median (25th to 75th percentile), CRP: 6.71 mg l�1 (2.76–12.69) vs. 3.38 mg l�1 (1.69–7.27),

respectively; AHSG: 660 lg ml�1 (612–768) vs. 744 lg ml�1 (660–816), respectively; Po0.001 for both). In preeclamptic

patients, the serum AHSG concentrations showed significant inverse correlations with systolic blood pressure and serum CRP

levels. A low serum AHSG level (p720 lg ml�1) was significantly associated with preeclampsia (adjusted odds ratio (95%

confidence interval): 3.69 (1.82–7.51); Po0.001). According to the receiver operating characteristic curves, the measurement

of serum AHSG concentrations was as accurate as that of serum CRP levels to detect preeclampsia. In conclusion, serum AHSG

concentration is decreased and reflects—at least partly—systemic inflammation in preeclampsia.
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INTRODUCTION

Preeclampsia is a severe complication of human pregnancy, with a
worldwide incidence of 2–10%.1 It is one of the leading causes of
maternal, as well as perinatal morbidity and mortality, even in
developed countries.2 Despite intensive research efforts, the etiology
and pathogenesis of preeclampsia are not completely understood.
Increasing evidence suggests that an excessive maternal systemic
inflammatory response to pregnancy, which is supposed to be
triggered by inflammatory stimuli derived from the hypoxic and
oxidatively stressed placenta, has a crucial role in the pathogenesis
of the disease.3,4 The systemic inflammatory response involves a rise in
the number and activation of leukocytes (monocytes, granulocytes
and natural killer cells) with the production of proteases and
proinflammatory cytokines leading to T-helper type 1 bias, as
well as the activation of endothelial cells, platelets, the coagulation
and complement systems and the production of acute-phase
proteins.5–8 The development of preeclampsia is influenced by both
genetic and environmental risk factors, suggesting its multifactorial
inheritance.9–14

The a2-Heremans–Schmid (a2-HS) glycoprotein (fetuin-A, AHSG),
the human homolog of bovine fetuin, is an abundant plasma/serum
protein synthesized predominantly by hepatocytes.15 It belongs to the

cystatin superfamily of cysteine proteinase inhibitors. AHSG is one of
the rare negative acute-phase proteins, the synthesis of which is
decreased in the liver during the acute-phase response.16 The protein
has diverse biological functions, including the regulation of osteogen-
esis and bone resorption, the prevention of unwanted mineralization
and the inhibition of insulin receptor autophosphorylation and
tyrosine kinase activity.17,18 In addition, it promotes phagocytosis
and has opsonic properties.19,20 It is interesting that the tissue
expression and blood levels of AHSG are particularly high in the
fetus, and it has been postulated that the protein participates in the
development of tissues, such as fetuin in other species.21 However, its
exact significance is still obscure.

We have recently reported that the serum AHSG concentration is
decreased in patients with the syndrome of hemolysis, elevated liver
enzymes and a low platelet count (the HELLP syndrome).22 The aim
of this study was to determine the serum AHSG concentration and its
diagnostic accuracy in preeclampsia without the HELLP syndrome.
Given that the maternal syndrome of preeclampsia is characterized by
a generalized intravascular inflammatory reaction with an acute-phase
response and that AHSG acts as a negative acute-phase protein, we
hypothesized that the serum AHSG concentration is decreased in
preeclampsia.
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METHODS

Study participants
Ninety-three preeclamptic patients and 127 normotensive (blood pressure

o140 mm Hg systolic and o90 mm Hg diastolic), healthy pregnant women

with uncomplicated pregnancies were involved in this case–control study. The

study participants were enrolled in the 1st Department of Obstetrics and

Gynecology and in the Department of Obstetrics and Gynecology of the

Kútvölgyi Clinical Center, Semmelweis University, Budapest, Hungary. All

women were Caucasian and resided in the same geographical area in Hungary.

Exclusion criteria were multifetal gestation, chronic hypertension, diabetes

mellitus, autoimmune disease, angiopathy, renal disorder, maternal or fetal

infection and fetal congenital anomaly. The women were fasting, none were in

active labor and none had rupture of membranes.

Preeclampsia was defined by an increased blood pressure (X140 mm Hg

systolic or X90 mm Hg diastolic on X2 occasions at least 6 h apart) that

occurred after 20 weeks of gestation in a woman with previously normal blood

pressure, accompanied by proteinuria (X0.3 g per 24 h).23 Blood pressure

returned to normal by 12 weeks postpartum in each preeclamptic study patient.

Pregnant women with the HELLP syndrome were not enrolled in this study.

Fetal growth restriction was diagnosed when the fetal birth weight was below

10th percentile for gestational age and gender, based on the Hungarian birth

weight percentiles.24

The study protocol was approved by the Regional and Institutional Com-

mittee of Science and Research Ethics of the Semmelweis University, and a

written informed consent was obtained from each patient. The study was

conducted in accordance with the Declaration of Helsinki.

Biological samples
Maternal blood samples were obtained from an antecubital vein into native

tubes and centrifuged at room temperature with a relative centrifugal force of

3000 g for 10 min. The aliquots of serum were stored at �80 1C until the

analyses were performed.

Laboratory methods
The serum C-reactive protein (CRP) concentration was measured by particle-

enhanced immunoturbidimetric assay (Cobas Integra 800; Roche, Mannheim,

Germany; catalog no. 20764930). Human CRP agglutinated with latex particles

coated with monoclonal anti-CRP antibodies. The precipitate was determined

turbidimetrically at 552 nm. The detection limit was 0.07 mg l�1, whereas the

intra/interassay variabilities at mean values of 6.2 and 142 mg l�1 were 1.8, 2.9,

1.5 and 2.7%, respectively.

The serum concentration of AHSG was determined by the radial immuno-

diffusion method using Goat Anti-Human a2-HS Glycoprotein IgG fraction

(DiaSorin Inc., Stillwater, MN, USA; catalog no. 81931). Pooled plasma of

healthy blood donors was used for calculating the standard values. The intra/

interassay variabilities were 3.6 and 6.2%, respectively.

Statistical analysis
The normality of continuous variables was assessed using the Shapiro–Wilk W-

test. As the continuous variables were not normally distributed, non-parametric

statistical methods (the Mann–Whitney U-test and the Spearman rank order

correlation) were used. The Fisher’s exact and Pearson w2 tests were carried out

to compare categorical variables between groups. As the serum levels of AHSG

showed a skewed distribution, we performed analysis of covariance with

logarithmically transformed data. The diagnostic accuracy of serum AHSG

measurements was evaluated using the receiver operating characteristic curve

analysis. Multivariate logistic regression was carried out with adjustments for

maternal age, body mass index (BMI) and gestational age at blood draw.

Statistical analyses were performed applying the following software:

STATISTICA (version 8.0; StatSoft Inc., Tulsa, OK, USA), Statistical Package

for the Social Sciences (version 15.0 for Windows; SPSS Inc., Chicago, IL, USA)

and MedCalc for Windows (version 10.0.1.0; MedCalc Software, Mariakerke,

Belgium). For all statistical analyses, Po0.05 was considered statistically

significant.

In the article, data are reported as median (interquartile range) for

continuous variables and as number (percent) for categorical variables.

RESULTS

Patient characteristics
The clinical characteristics of the study participants are shown in
Table 1. There were no statistically significant differences between the
two study groups in terms of maternal age and the percentage of
smokers and primiparas. The BMI and gestational age at blood draw
were significantly higher in the preeclamptic group than in the control
group. The systolic and diastolic blood pressures were significantly
higher, whereas the gestational age at delivery and the fetal birth
weight were significantly lower in the preeclamptic group compared
with those in the control group. Fetal growth restriction was absent in
control individuals, whereas the frequency of this condition was 22.6%
in the preeclamptic group.

Laboratory parameters
As presented in Table 1 and Figure 1, serum CRP levels were
significantly higher, whereas serum AHSG concentrations were sig-
nificantly lower in preeclamptic patients than in normotensive,

Table 1 Clinical characteristics and laboratory parameters of normotensive, healthy pregnant women and preeclamptic patients

Variable Controls (n¼127) Preeclampsia (n¼93) Statistical significance (P-value)

Age (years) 28 (25–31) 28 (25–32) NSa

BMI at blood draw (kg m�2) 26.0 (23.7–28.0) 29.4 (26.3–32.0) o0.001a

Smokers 2 (1.6%) 5 (5.4%) NSb

Primiparas 77 (60.6%) 59 (63.4%) NSc

Systolic blood pressure (mm Hg) 110 (105–120) 170 (160–180) o0.001a

Diastolic blood pressure (mm Hg) 70 (60–80) 104 (100–115) o0.001a

Gestational age at blood draw (weeks) 35 (31–37) 37 (35–39) o0.05a

Gestational age at delivery (weeks) 40 (39–40) 38 (35–39) o0.001a

Fetal birth weight (g) 3300 (3100–3800) 2900 (1980–3450) o0.001a

Fetal growth restriction 0 (0%) 21 (22.6%) o0.001b

Serum CRP level (mg l�1) 3.38 (1.69–7.27) 6.71 (2.76–12.69) o0.001a

Serum a2-HS glycoprotein level (mg ml�1) 744 (660–816) 660 (612–768) o0.001a

Abbreviations: BMI, body mass index; CRP, C-reactive protein; NS, not significant.
Data are presented as median (25th to 75th percentile) for continuous variables and as number (percent) for categorical variables.
aMann–Whitney U-test.
bFisher’s exact test.
cPearson w2-test.
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healthy pregnant women. The difference in the serum AHSG levels
between the two study groups remained significant even after adjust-
ments for maternal age, BMI and gestational age at blood draw in
analysis of covariance.

In the group of preeclamptic patients, no statistically significant
differences were observed in serum CRP and AHSG levels between
preeclamptic patients with and without fetal growth restriction
(median (25th to 75th percentile), CRP: 7.30 mg l�1 (2.80–14.24)
vs. 6.53 mg l�1 (2.74–12.69); AHSG: 636mg ml�1 (574–720) vs.
660mg ml�1 (624–780)).

Relationship of clinical characteristics and serum CRP levels with
serum AHSG concentrations in preeclampsia
We investigated whether the clinical characteristics and serum CRP
levels of preeclamptic patients were related to serum AHSG concen-
trations by calculating the Spearman rank order correlation coeffi-
cients (continuous variables) and by the Mann–Whitney U-test
(categorical variables). In preeclamptic patients, serum AHSG
concentrations showed significant inverse correlations with systolic
blood pressure (Spearman R¼�0.23; Po0.05) and serum CRP levels
(Spearman R¼�0.21; Po0.05). However, no other relationship was
found between clinical features (maternal age, smoking status, parity,
BMI and gestational age at blood draw, diastolic blood pressure,
gestational age at delivery and fetal birth weight) and serum AHSG
levels in preeclampsia (data not shown).

Diagnostic accuracy of serum AHSGmeasurements in preeclampsia
Using the receiver operating characteristic curve analysis, we deter-
mined a cutoff value of AHSG concentration (720mg ml�1) that can
discriminate preeclamptic patients from normotensive, healthy preg-
nant women with 68.1% sensitivity and 60.8% specificity. A low
AHSG level (p720mg ml�1) was significantly associated with pre-
eclampsia (odds ratio: 3.32, 95% confidence interval: 1.88–5.86;
Po0.001), even after adjustments for maternal age, BMI and gesta-
tional age at blood draw in multiple logistic regression analysis
(adjusted odds ratio with 95% confidence interval: 3.69 (1.82–7.51);
Po0.001).

We compared the diagnostic performance of serum AHSG and CRP
measurements in preeclampsia. As displayed in Figure 2, there was no
significant difference between the areas under the receiver operating

characteristic curves (AUCs) of AHSG and CRP (AUC for AHSG and
CRP with 95% confidence interval were 0.68 (0.61–0.74) and 0.65
(0.58–0.72), respectively; P¼0.61).

Power analysis
The power of our study to detect the observed differences in serum
AHSG levels between the preeclamptic and the control group, at a type
I error rate of 0.05, was 99.8%.

DISCUSSION

In this study, we found that serum AHSG concentrations were
decreased and showed inverse correlations with systolic blood pressure
and serum CRP levels in preeclampsia. The measurement of serum
AHSG concentrations was observed to be as accurate as that of serum
CRP levels to detect preeclampsia.

Several mechanisms have been implicated in regulating serum
AHSG concentrations. The protein is synthesized predominantly in
the liver, and its serum level is decreased in patients with liver cirrhosis
and hepatocellular cancer because of an impaired hepatic synthetic
capacity.25,26 The synthesis of human AHSG in the liver is down-
regulated by pro-inflammatory cytokines, indicating that this protein
is a negative acute-phase reactant.27 Estrogen might also influence the
production of the protein, as suggested by the changes in its serum
levels after menopause and estrogen therapy.28 In addition, an
impaired renal function was observed to be associated with decreased
circulating AHSG levels, and the degree of glomerular dysfunction
correlated with AHSG levels in patients with chronic kidney disease.29

Single-nucleotide polymorphisms of the gene encoding AHSG were
also shown to affect the serum levels of the protein in different
populations.30,31 Furthermore, an increased consumption was also
supposed to result in reduced serum AHSG levels in patients with
hematological malignancies.32 In pregnancy, the fetoplacental unit can
be another source of the protein. Indeed, AHSG is highly expressed in
placental tissues, and a passive transplacental transfer of this substance

Figure 1 Dot plot of serum a2-HS glycoprotein (AHSG) levels in
normotensive, healthy pregnant women and in preeclamptic patients.

Figure 2 Receiver operating characteristic (ROC) curves of serum a2-HS

glycoprotein (continuous line) and C-reactive protein levels (dashed line) to

discriminate between preeclamptic patients and normotensive, healthy

pregnant women.
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has also been suggested.33,34 Our research group has previously
reported that serum AHSG concentration increases with advancing
gestation in normal pregnancy.35

According to our findings, the maternal systemic inflammatory
response, which involves an acute-phase reaction, accounts—at least
partly—for the decreased serum AHSG levels in preeclampsia, as
suggested by the significant inverse correlation with serum CRP
concentrations. In fact, circulating AHSG levels decrease in several
conditions characterized by tissue damage, infection, inflammation or
malignancy.16,32,36–38 However, other factors may also have contrib-
uted to our observation. It has been shown earlier that AHSG
enhances the macrophage-mediated phagocytosis of apoptotic cells
in vitro by stimulating macropinocytosis.39 Therefore, it is also
possible that the reduced serum AHSG concentration in preeclampsia
is a consequence of the consumption of the protein during the
clearance of trophoblast debris shed into maternal circulation. Renal
protein excretion might provide an additional explanation for
decreased circulating AHSG levels in preeclampsia.40 Nevertheless,
the serum and urine levels of this protein did not correlate in patients
with various renal diseases.41 In preeclampsia, decreased estrogen
levels and action have been observed in previous studies,10,42 which
might also result in lower AHSG concentrations. Moreover, the role of
AHSG gene polymorphisms has not been investigated yet in this
pregnancy-specific disorder.

The diagnostic value of the serum AHSG measurement was
detected to be similar to that of serum CRP levels in preeclampsia.
CRP is a sensitive marker of tissue damage and inflammation. Several
studies have indicated that its serum concentration is higher in
preeclamptic patients than in healthy pregnant women.43,44 In addi-
tion, raised CRP levels were shown to precede the development of
preeclampsia.45 However, obesity, which is by itself an inflammatory
condition, confounded these observations.46,47 Although AHSG can
slightly modulate body mass,48 the low serum level of this protein was
independently associated with an increased risk of preeclampsia in our
study. Nevertheless, the large overlap in serum AHSG and CRP levels
between preeclamptic patients and healthy pregnant women—
reflected also by sensitivity and specificity values—suggests that
mechanisms other than systemic inflammation are also involved in
the pathogenesis of this multifactorial disorder.

The serum AHSG levels did not differ significantly between our
preeclamptic patients with and without fetal growth restriction. We
have found earlier that AHSG along with tumor necrosis factor-a and
leptin may negatively regulate neonatal skeletal development.35 In a
recent study, no significant differences were observed in maternal, fetal
and neonatal AHSG concentrations between pregnancies with normal
and asymmetrically restricted fetal growth,34 which is consistent with
our findings. Beyond its concentration, the post-translational mod-
ifications of the protein (phosphorylation and glycosylation) can also
influence the biological activity of AHSG.49,50 Indeed, prominent
defects in the sialylation of the protein were found in the plasma of
neonates with intrauterine growth restriction.50

A low circulating AHSG level may not only be a marker for
preeclampsia but might also be involved in its pathogenesis. In
patients with chronic kidney disease, a low AHSG (fetuin-A) con-
centration has been implicated in the development of endothelial
dysfunction,29,51 which is also a hallmark of preeclampsia. Further-
more, AHSG, as a mineral chaperone, can prevent extraskeletal (soft
tissue) calcification.52 It is noteworthy that increased arterial stiffness,
which has been shown to be associated with vascular calcification,53

has been detected in preeclamptic pregnancies.54 Interestingly, systolic
blood pressure, which represents the viscoelastic properties of large

conduit vessels rather than the vasoconstriction of resistance arteries,
was inversely correlated with serum AHSG levels in our preeclamptic
group. Several studies revealed the anti-inflammatory role of AHSG.
The protein inhibits the production of the pro-inflammatory cytokine,
interleukin-2, by peripheral blood lymphocytes.55 In addition, AHSG,
as an opsonin, was required for macrophage deactivation in vitro.56

AHSG also attenuated tumor necrosis factor-a synthesis and
the innate inflammatory response in an experimental model.57 More-
over, the protein has been shown to enhance the phagocytosis of
apoptotic cells by macrophages.39 In pregnancy, a decreased clearance
of necrotic and apoptotic trophoblast cells may lead to an increased
shedding of placental debris into the maternal circulation, resulting in
an excessive maternal systemic inflammatory response characteristic
of preeclampsia.

On the other hand, a decreased serum AHSG level can also have
beneficial effects in pregnancy. The inadequate production of trans-
forming growth factor-b by leukocytes may cause poor angiogenesis,
resulting in preeclampsia.8 AHSG, similar to soluble endoglin, can
inhibit transforming growth factor-b activity.58 Insulin resistance is a
definite risk factor for preeclampsia.2 According to our previous
findings, AHSG may contribute to insulin resistance during normal
pregnancy and gestational diabetes.35

In spite of its strength due to the large number of preeclamptic
patients and healthy pregnant women involved, our study is limited by
its case–control design. A prospective study should be undertaken to
determine whether a decrease in the serum AHSG concentration
precedes the development of preeclampsia, and thus can help predict
this serious complication in pregnancy.

In conclusion, serum AHSG concentration is decreased in pre-
eclampsia, which reflects—at least partly—systemic inflammation.
However, further studies are required to shed light on the
biological functions of circulating AHSG in normal pregnancy and
preeclampsia.
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