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Maternal serum inhibin-A and activin-A levels in the first
trimester of pregnancies developing pre-eclampsia
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ABSTRACT

Objective To evaluate whether measurement of maternal
serum inhibin-A and activin-A at 11 + 0 to 13 + 6 weeks
of gestation, alone or in combination with second-
trimester uterine artery pulsatility measured by Doppler
velocimetry, is useful in predicting those women who will
develop pre-eclampsia.

Methods This was a nested case-control study of pre-
eclampsia cases with controls matched for gestational
age and storage time for the maternal serum. Samples
were collected as part of a first-trimester prenatal
chromosomal anomaly screening program. Activin-A and
inhibin-A were measured using a commercial enzyme-
linked immunosorbent assay and the clinical outcomes
were blinded to the operator. All the patients underwent
uterine artery Doppler flow velocimetry to measure the
mean pulsatility index at 22–24 weeks’ gestation.

Results In total there were 64 cases with pre-eclampsia,
with 34 delivering prior to 35 weeks of gestation. The
control group included 240 cases. In the control group
the levels of activin-A and inhibin-A did not change across
the narrow gestational window and the median levels were
2.16 ng/mL and 231.13 pg/mL, respectively. In the pre-
eclamptic group levels of activin-A and inhibin-A were
significantly increased, at 2.52 ng/mL and 286.64 pg/mL
(1.24 multiples of the median (MoM) and 1.17 MoM,
respectively). There was no difference in the median MoM
in those delivering prior to 35 weeks and those delivering
later. At cut-offs of the 90th centile of normal, activin-A
and inhibin-A levels would have identified 20% and 35%,
respectively, of cases that would develop pre-eclampsia.
When combined with uterine artery Doppler, activin-A
measurement could have increased the detection rate from
55% to 63% and inhibin-A measurement could have
increased it to 68% at a 5% false positive rate.

Conclusion Although increased in the first trimester,
levels of activin-A and inhibin-A are probably too low
to make a significant contribution to screening for pre-
eclampsia at this time. Copyright  2008 ISUOG.
Published by John Wiley & Sons, Ltd.

INTRODUCTION

Pre-eclampsia occurs in about 2% of pregnancies and is a
major cause of maternal death worldwide. The underlying
cause of pre-eclampsia is thought to be a circulatory
maladaptation characterized by defective trophoblast
invasion1. The consequent increased resistance in the
uteroplacental circulation forms the basis of screening for
the condition by uterine artery Doppler velocimetry2. Such
screening at 20–25 weeks’ gestation can identify 45% of
pregnancies subsequently developing pre-eclampsia at a
5% false positive rate2,3. There is some evidence that the
combination of certain biochemical markers measured
either in the first trimester (e.g. pregnancy-associated
plasma protein-A (PAPP-A4,5)) or at the time of uterine
artery Doppler measurement (e.g. activin or inhibin6,7)
could potentially enhance the sensitivity of uterine artery
Doppler measurement.

Preliminary studies of inhibin-A8 and activin-A9 in the
first trimester have shown increased levels in pregnancies
developing pre-eclampsia in the third trimester. In this
study we extend our earlier work with these two
markers to a further series of pregnancies developing
pre-eclampsia.

METHODS

All women booked for maternity care at Harold
Wood Hospital, Essex, UK between October 1999 and
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August 2002 were offered screening for trisomy 21 by a
combination of fetal nuchal translucency thickness and
maternal serum free β-human chorionic gonadotropin
(β-hCG) and PAPP-A at 11 to 13 + 6 weeks’ gestation10.
Serum free β-hCG and PAPP-A were measured within
30 min of venepuncture using the Kryptor analyzer
(Brahms AG, Berlin, Germany), and the ultrasound scans
were carried out by sonographers who had obtained The
Fetal Medicine Foundation Certificate of Competence in
the 11 to 13 + 6 weeks’ scan (www.fetalmedicine.com).
After analysis samples were immediately archived to
a serum bank held at −20◦C. A second ultrasound
examination was routinely performed at 22–24 weeks
for measurement of fetal growth and examination for
fetal defects. In those cases where no major fetal defect
was detected, the women were offered the option of
participating in a screening study for pre-eclampsia by
transvaginal Doppler measurement of the uterine artery
pulsatility index (PI)11. Each uterine artery was identified
using color-flow mapping and pulsed-wave Doppler was
then used to obtain three similar consecutive waveforms.
The PI was measured and the mean PI of the two
uterine arteries was calculated. The Doppler studies
were performed by sonographers who had received The
Fetal Medicine Foundation Certificate of Competence in
Doppler (www.fetalmedicine.com).

From this previously published cohort of 4390
singleton pregnancies 64 developed pre-eclampsia. Pre-
eclampsia was defined according to the guidelines of
the International Society for the Study of Hypertension
in Pregnancy12. The pre-eclamptic group were further
classified as early onset (n = 34) if delivery was required
before 35 weeks or late onset (n = 30) if delivery took
place after 35 weeks. From amongst those cases delivering
a normal term infant with a birth weight greater than the
10th centile for gestational age13, 240 cases were selected
as gestational age matched controls. PAPP-A and free
β-hCG levels were available from routine first-trimester
testing using the Kryptor analyzer. Table 1 summarizes
the maternal characteristics and birth characteristics of the

Table 1 Maternal characteristics and marker levels in the control
group and the pre-eclamptic group

Characteristic

Control
group

(n = 240)

Pre-eclampsia
group

(n = 64)

Mean maternal age (years) 30 29
Caucasian (%) 95 86
Cigarette smoker (%) 15 16
Nulliparous (%) 40 50
Median free β-hCG MoM 1.00 0.92
Median PAPP-A MoM 1.00 0.84
Uterine artery mean pulsatility index 1.02 1.56
Median GA at delivery (weeks) 39.1 36.2
Median birth weight (g) 3418 2025

β-hCG, β-human chorionic gonadotropin; GA, gestational age;
MoM, multiples of the median; PAPP-A, pregnancy-associated
plasma protein-A.

two groups. All the samples had been stored as aliquots
and had not previously been thawed.

Maternal serum concentrations of inhibin-A and
activin-A were measured in duplicate in a series of eight
assays over a 2-week period using quantitative commercial
enzyme-linked immunosorbent assay kits (Oxford Bio-
Innovation Ltd, UK). Duplicates that differed by more
than 10% were repeated in a subsequent assay.

Statistical analysis

Regression analysis was carried out to examine any
relationship between inhibin-A or activin-A concentration
and gestational age. The median inhibin-A and activin-A
concentrations were established across the gestational
window 11 + 0 to 13 + 6 weeks. All measurements were
then expressed as multiples of the median (MoM) for
gestation. The Mann–Whitney U-test was used to assess
the significance of any differences between the control
group and the pre-eclamptic group in the individual
marker concentrations, both as raw values and as MoMs.
A multivariate Gaussian model combining inhibin-A or
activin-A with mean uterine artery PI was developed
using standard statistical modeling techniques, and their
performance in discriminating cases that would develop
pre-eclampsia compared to either measure alone was
also assessed by receiver–operating characteristics (ROC)
curve analysis. All statistical analysis was performed using
Analyse-It (Analyse-It Software, Leeds) a statistical add-in
for Microsoft Excel or SPSS 14 (SPSS, Woking, UK).

RESULTS

In the control group inhibin-A and activin-A did
not appear to change with gestational age across the
narrow window under investigation (r = 0.0436 and
0.1034, respectively). Figure 1 shows the distribution
of results with gestational age. The median inhibin-A
concentration was 231.13 pg/mL in the control group
and the median activin-A concentration was 2.16 ng/mL.
When the pre-eclamptic group was compared with the
control group there were significant increases in both
inhibin-A and activin-A concentrations, with levels of
286.64 pg/mL and 2.522 ng/mL, respectively (Figure 2).
When corrected for gestational age the median inhibin-A
MoM in the pre-eclamptic group was increased (1.24
MoM; 95% CI, 0.988–1.644). Comparing the medians
using the Mann–Whitney test confirmed a significant
difference (U = 10073, two-tailed P = 0.0006). For
activin-A the median was also increased (1.17 MoM;
95% CI, 0.922–1.314). Comparing the medians using
the Mann–Whitney test confirmed a significant difference
(U = 9302; two-tailed P = 0.0276) (Figure 3). In the
group delivering prior to 35 weeks there was no significant
difference when compared to those delivering at 35 weeks
or later for either marker.

At cut-offs of the 90th centile of normal, inhibin-A
(1.70 MoM) and activin-A (1.75 MoM) levels would
have identified 35% and 20%, respectively, of cases
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Figure 1 Variation of inhibin-A (a) and activin-A (b) concentrations with gestational age.
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Figure 2 Box-and-whisker plots showing the difference in inhibin-A (a) and activin-A (b) concentrations between cases of pre-eclampsia
(PET) and controls. The diamonds show the mean and the 95% confidence interval around the mean. The notched lines show the parametric
95% percentile range. The notched boxes show the median, lower and upper quartiles, and confidence interval around the median. The
dotted lines connect the nearest observations within 1.5 interquartile ranges (IQRs) of the lower and upper quartiles. The crosses (+) and
circles ( ) indicate possible outliers: observations more than 1.5 IQRs (near outliers) and 3.0 IQRs (far outliers) from the quartiles.

that would develop pre-eclampsia. At cut-offs of the
95th centile, inhibin-A (2.00 MoM) and activin-A (2.00
MoM) levels would have given detection rates of 28%
and 15%, respectively. Figure 4 shows the ROC curve
for each marker. The area under the curve was 0.638
(95% CI, 0.555–0.720) for inhibin-A and 0.589 (95%
CI, 0.510–0.668) for activin-A.

In the multivariate Gaussian model, for a combination
of mean PI and inhibin-A, at a 5% false positive rate,
the detection rate was 67.5%, compared with 54.7%
for mean PI alone. For a combination of mean PI and
activin-A the detection rate was 63.2%. The performance
characteristics are summarized in Table 2 along with data
for free β-hCG and PAPP-A, alone and in combination

with mean PI, from our previous study with this same
cohort4. When the data were analyzed comparing early-
and late-onset disease, the predictive model was no better
at identifying early- from late-onset pre-eclampsia.

DISCUSSION

This study has confirmed that levels of maternal serum
inhibin-A and activin-A were increased in the first
trimester of pregnancies that subsequently developed pre-
eclampsia. However the size of the increase is unlikely,
on its own, to be of significant clinical value. When
combined with second-trimester uterine artery Doppler

Copyright  2008 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2008; 32: 622–626.



Inhibin-A and activin-A and the risk for pre-eclampsia 625

−1.0

0.0

1.0

2.0

3.0

4.0

5.0

PET Controls

Inhibin-A MoM Activin-A MoM

PET Controls

M
oM

Figure 3 Box-and-whisker plots showing the difference in
inhibin-A and activin-A expressed as multiples of the median
(MoM) between cases of pre-eclampsia (PET) and controls. The
diamonds show the mean and the 95% confidence interval around
the mean. The notched lines show the parametric 95% percentile
range. The notched boxes show the median, lower and upper
quartiles, and confidence interval around the median. The dotted
line connects the nearest observations within 1.5 interquartile
ranges (IQRs) of the lower and upper quartiles. The crosses (+) and
circles ( ) indicate possible outliers: observations more than 1.5
IQRs (near outliers) and 3.0 IQRs (far outliers) from the quartiles.

mean PI some improvement in the prediction of pre-
eclampsia could be observed. A previous small study
of inhibin-A in the first trimester has shown a modest
elevation (1.4 MoM) in women who subsequently develop
pre-eclampsia, allowing 33% detection at a 5% false
positive rate8. In another study of 30 cases taken at
around 10 weeks14, raised levels of inhibin-A were also
observed. Although the study did not quote the results in
a conventional way, close inspection of the controls and
cases plotted graphically in the paper would suggest that
the median MoM was also approaching 1.4. A further
study conducted at around 12 weeks of gestation in 52
cases15 reported increased levels of both inhibin-A and
activin-A, but again unfortunately absolute values or
MoMs were not quoted in the study and the graphical
displays could not be used to make an accurate estimate.
The authors concluded that the most potent first-trimester
serum markers associated with the risk of developing pre-
eclampsia later were inhibin-A and activin-A, followed
by PAPP-A and placental growth factor (PlGF). Our
own study of PlGF, however, found levels of PlGF to
be not significantly different from those of controls16.
A recently published study17 of 56 cases, however, has
confirmed our previous observation9 of increased levels
of activin-A in the first trimester of pregnancies that later
developed pre-eclampsia. The median activin-A in the
study of Banzola et al.17 was 1.79 MoM compared with
1.49 in our previous study.

It is evident from many studies that the further
one gets away from the clinical manifestation of
the disease the more the value of the biochemical
markers appears to decline. Thus while activin-A and
inhibin-A have been shown to be extremely elevated
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Figure 4 Receiver–operating characteristics curve for identification
of pre-eclampsia cases using inhibin-A (a) and activin-A (b).

at the time of clinical presentation, in the second
trimester the median values (although increased) had
not yet built up to very high levels, and certainly
during the first trimester (again although increased) their
clinical value is probably limited18–21. Combinations of
markers, along with the best clinical tool (uterine artery
Doppler mean PI) may improve clinical discrimination,
but the search still goes on for a truly clinically
useful early first-trimester biochemical marker of pre-
eclampsia.
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Table 2 Summary of detection rates of the individual markers and
their combinations at a 5% false-positive rate

Marker Detection rate (%)

Inhibin-A 28
Activin-A 15
Mean PI 55
PAPP-A4 14
Free β-hCG4 8
Inhibin-A plus mean PI 68
Activin-A plus mean PI 63
PAPP-A plus mean PI4 62

β-hCG, β-human chorionic gonadotropin; PAPP-A,
pregnancy-associated plasma protein-A; PI, pulsatility index.

ACKNOWLEDGMENT

This study was supported by a grant from The Fetal
Medicine Foundation (Charity No: 1037116) and by a
grant to K.S. from NHS R&D (RF4: Risk Assessment in
Pregnancy).

REFERENCES

1. Lyall F. The human placental bed revisited. Placenta 2002; 23:
555–562.

2. Papageorghiou AT, Yu CK, Nicolaides KH. The role of uterine
artery Doppler in predicting adverse pregnancy outcome. Best
Pract Res Clin Obstet Gynaecol 2004; 18: 383–396.

3. Yu CKH, Smith GCS, Papageorghiou AT, Cacho AM,
Nicolaides KH. An integrated model for the prediction of pre-
eclampsia using maternal factors and uterine artery Doppler
velocimetry in unselected low-risk women. Am J Obstet Gynecol
2005; 193: 429–436.

4. Spencer K, Yu CKH, Cowans NJ, Otigbah C, Nicolaides KH.
Prediction of pregnancy complication by first-trimester maternal
serum PAPP-A and free beta-hCG and with second-trimester
uterine artery Doppler. Prenat Diagn 2005; 25: 949–953.

5. Spencer K, Cowans NJ, Nicolaides KH. Low levels of maternal
serum PAPP-A in the first trimester and the risk of pre-eclampsia.
Prenat Diagn 2008; 28: 7–10.

6. Spencer K, Yu CKH, Savvidou M, Papageorghiou A, Nico-
laides KH. Prediction of pre-eclampsia by uterine artery Doppler
ultrasonography and maternal serum pregnancy-associated
plasma protein-A, free beta-human chorionic gonadotropin,
activin A and inhibin A at 22 + 0 to 24 + 6 weeks’ gestation.
Ultrasound Obstet Gynecol 2006; 27: 658–663.

7. Aquilina J, Thompson O, Thilaganathan B, Harrington K.
Improved early prediction of pre-eclampsia by combining
second-trimester maternal serum inhibin-A and uterine artery
Doppler. Ultrasound Obstet Gynecol 2001; 17: 477–484.

8. Sebire NJ, Roberts L, Noble P, Wallace E, Nicolaides KH.
Raised maternal serum inhibin A concentration at 10 to

14 weeks of gestation is associated with pre-eclampsia. BJOG
2000; 107: 795–797.

9. Ong CYT, Liao AW, Munim S, Spencer K, Nicolaides KH.
First-trimester maternal serum activin A in pre-eclampsia and
fetal growth restriction. J Matern Fetal Neonatal Med 2004; 15:
176–180.

10. Spencer K, Spencer CE, Power M, Dawson C, Nicolaides KH.
Screening for chromosomal abnormalities in the first trimester
using ultrasound and maternal serum biochemistry in a one-
stop clinic: a review of three years prospective experience.
BJOG 2003; 110: 281–286.

11. Papageorghiou AT, Yu CKH, Bindra R, Pandis G, Nico-
laides KH; Fetal Medicine Foundation Second Trimester Screen-
ing Group. Multicenter screening for pre-eclampsia and fetal
growth restriction by transvaginal uterine artery Doppler at
23 weeks of gestation. Ultrasound Obstet Gynecol 2001; 18:
441–449.

12. Brown MA, Lindheimer MD, de Swiet M, Van Assche A,
Moutquin JM. The classification and diagnosis of the hyperten-
sive disorders of pregnancy: statement from the International
Society for the Study of Hypertension in Pregnancy (ISSHP).
Hypertens Pregnancy 2001; 20: IX–XIV.

13. Yudkin PL, Aboualfa M, Eyre JA, Redman CW, Wilkinson AR.
New birthweight and head circumference centiles for gestational
ages 24 to 42 weeks. Early Hum Dev 1987; 15: 45–52.

14. Salomon L, Benattar C, Audibert F, Fernandez H, Duyme M,
Taieb J, Frydman R. Severe preeclampsia is associated with
high inhibin A levels and normal leptin levels at 7 to
13 weeks into pregnancy. Am J Obstet Gynecol 2003; 189:
1517–1522.

15. Zwahlen M, Gerber S, Bersinger NA. First trimester markers
for pre-eclampsia: placental vs. non-placental protein serum
levels. Gynecol Obstet Invest 2007; 63: 15–21.

16. Ong CYT, Liao AW, Cacho A, Spencer K, Nicolaides KH.
First-trimester maternal serum levels of placental growth factor
as predictor of pre-eclampsia and fetal growth restriction.
Obstet Gynecol 2001; 98: 608–611.

17. Banzola I, Farina A, Concu M, Sekizawa A, Purwosunu Y,
Strada I, Arcelli D, Simonazzi G, Caramelli E, Rizzo N. Per-
formance of a panel of maternal serum markers in predicting
preeclampsia at 11–15 weeks’ gestation. Prenat Diagn 2007;
27: 1005–1010.

18. Bersinger NA, Groome N, Muttukrishna S. Pregnancy-
associated and placental proteins in the placental tissue of
normal pregnant women and patients with pre-eclampsia at
term. Eur J Endocrinol 2002; 147: 785–793.

19. Bersinger NA, Smarason AK, Muttukrishna S, Groome NP,
Redman CW. Women with pre-eclampsia have increased
serum levels of pregnancy-associated plasma protein A (PAPP-
A), inhibin A, acitivin A and soluble E-selectin. Hypertens
Pregnancy 2003; 22: 45–55.

20. Muttukrishna S, Knight PG, Groome NP, Redman CW,
Ledger WL. Activin A and inhibin A as possible endocrine
markers for pre-eclampsia. Lancet 1997; 349: 1285–1288.

21. Muttukrishna S, North RA, Morris J, Schellenberg JC,
Taylor RS, Asselin J, Ledger W, Groome N, Redman CW.
Serum inhibin A and activin A are elevated prior to the onset of
pre-eclampsia. Hum Reprod 2000; 15: 1640–1645.

Copyright  2008 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2008; 32: 622–626.


