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Abstract 

Objectives:  A case–control study was conducted at Omdurman Maternity Tertiary Hospital, Sudan, during the 
period from May to August 2014 to investigate AMH level in women with preeclampsia compared to healthy controls. 
The cases were women with preeclampsia and healthy pregnant women were the controls. The obstetrics and medi-
cal history was gathered using a questionnaire. AMH level was measured using ELISA.

Results:  There was no significant difference between the two groups (40 in each arm of the study) in the age, parity 
and gestational age. Thirty-three of the 40 cases were patients with severe preeclampsia. There was no significant 
difference in median inter-quartile of the AMH level between the women with preeclampsia and the controls [0.700 
(0.225–1.500) vs. 0.700 (0.400–1.275) ng/ml, P = 0.967]. In a linear regression model there was no association between 
the log of AMH and age, parity, gestational age, BMI, hemoglobin level and preeclampsia.
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Introduction
Preeclampsia is a worldwide major health problem 
characterized by the occurrence of hypertension and 
proteinuria after 20  weeks of pregnancy in previously 
normotensive women [1]. Preeclampsia is a main fac-
tor for maternal and perinatal morbidity and mortality, 
where it is responsible for at least 9% of the maternal 
mortality that occur in Africa [2, 3]. Moreover various 
long-term effects on patients’ health, e.g. cardiovascu-
lar risk factors and premature vascular aging that could 
modify the ovarian aging process have been reported 
with preeclampsia [4, 5].

Anti-Müllerian hormone (AMH) is a heavily glyco-
sylated glycoprotein produced by the gonads and it is 
involve in the development and differentiation of the 
reproductive system [6, 7]. AMH is a reliable predictor of 
ovarian reserve, in assisted reproduction outcomes such 
as stillbirth, preeclampsia, gestational diabetes mellitus, 
delivery of small for gestational age [8–11]. The AMH 
levels have recently been investigated in preeclampsia 

with inconsistent results, where some reports showed 
high levels and others showed low levels of AMH among 
women with preeclampsia [12–14]. There is a need to 
investigate whether AMH level during pregnancy can 
be used as a predictor for preeclampsia and its poor 
maternal/perinatal outcomes. Preeclampsia/eclampsia is 
the leading cause of obstetric complications and mater-
nal mortality in Sudan [15–18]. The current study was 
conducted at Omdurman Maternity Hospital, Sudan to 
determine the level of AMH in women with preeclamp-
sia and to add on our recent research on preeclampsia in 
Sudan [19–21].

Main text
A case–control study was conducted at Omdurman 
Maternity Tertiary Hospital, Sudan during the period 
from May to August 2014. The cases were pregnant 
women diagnosed with preeclampsia. Preeclampsia 
was defined as the occurrence of hypertension (systolic 
blood pressure  ≥140  mmHg or diastolic blood pres-
sure ≥90 mmHg) after 20 weeks of gestation in a woman 
who is normotensive before, and proteinuria (presence 
of 300  mg or more of protein in 24  hours urine sam-
ple or ≥2+ on dipstick) [22]. The cases of preeclampsia 
were considered mild or severe according to the diastolic 
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blood pressure of <110, or ≥110 mmHg respectively. The 
controls were healthy pregnant women that matched 
with the cases for gestational age. Women with thyroid 
disease, hypertension, renal disease, diabetes, liver dis-
ease and those who received medication for hypertension 
were excluded from the study.

After signing an informed consent, the details of 
obstetrics history (age, parity, and gestational age) was 
gathered and recorded. Weight and height were meas-
ured and body mass index (BMI) was calculated as weight 
in kilograms divided by the square of height in meters. 
Systolic and diastolic blood pressures were assessed in 
supine position using mercury sphygmomanometer by 
the same investigator.

Five milliliters of venous blood were taken from each 
woman (case or control) in a plain tube, allowed to clot, 
centrifuged, and stored at −20  °C (for 6  months) until 
analyzed by Ultra-Sensitive AMH/MIS ELISA KIT, (bio-
activa diagnostica GmbH—Bad Homburg, Germany), 
where the manufacturers` instructions were followed. 
The samples were withdrawn from the cases at presen-
tation which was at mean (SD) of 36.9 (1.0) weeks. The 
samples were run in duplicate and the mean of the two 
readings was taken. The reference interval for the KIT 
was 0.13–13.01 ng/ml.

A total sample of 40 participants in each arm of the 
study was calculated to investigate the mean difference 
of the AMH. This sample size would provide 80% power 
to detect a 5% difference at α =  0.05, with an assump-
tion that complete data might not be available for 10% of 
participants.

SPSS for Windows (version 16.0) was used for data 
analyses. Continuous variables were checked for nor-
mality and their difference was compared between two 
groups using T test and Mann–Whitney U when the data 
were normally and not normally distributed, respectively. 
Linear regression analyses were performed where the log 
of AMH (not normally distributed) was the dependent 
variable, and age, parity, gestational age, maternal BMI 
and hemoglobin were the independent variables. P < 0.05 
was considered statistically significant.

The two groups (40 in each arm of the study) were 
matched in their basic characteristics, where there was 
no significant difference in the mean (SD) of the age, par-
ity and gestational age [36.7 (1.9) vs. 36.9 (1.0) weeks, 
P =  0.625] between the studied groups. Thirty-three of 
the 40 cases were suffering from severe preeclampsia. All 
patients had late on-set preeclampsia (after 34 weeks of 
gestation). The BMI was marginally higher, while hemo-
globin level was significantly lower in women with preec-
lampsia compared to the controls, Table  1. There was 
no significant difference in median inter-quartile of the 

AMH between the women with preeclampsia and the 
healthy controls [0.700 (0.225–1.500) vs. 0.700 (0.400–
1.275) ng/ml, P = 0.967], Fig. 1. 

In a linear regression model there was no association 
between the log of AMH and age, parity, gestational age, 
BMI, hemoglobin level and preeclampsia, Table 2.

The main two findings of the current study were that 
first there was no significant difference in the AMH level 
between women with preeclampsia and the healthy con-
trols. Secondly, significant association between AMH 
level and age, parity, gestational age and BMI was not 
established. This is similar with the findings of the recent 
studies that proved no significant difference in the AMH 
level between women with a history of preeclampsia and 
their matched control group [23, 24]. Furthermore, Birdir 
et al. [12] reported that at early gestation (11–13 weeks), 
the maternal serum (multiple of the expected median) 
values of AMH were not significantly different in preg-
nant women who developed preeclampsia and those who 
remained normotensive throughout pregnancy. They 
concluded that AMH was not an effective early predic-
tor for the development of preeclampsia. Interestingly, in 
the later report the uncorrected median serum concen-
trations of AMH were significantly higher in the women 
with preeclampsia than in the controls [12].

Tokmak et al. [14], reported that AMH level (at deliv-
ery) was lower in preeclamptic patients than in normal 
pregnant women and there was no relationship between 
AMH level and adverse maternal (eclampsia, persistent 
hypertension and hemolysis, elevated liver enzyme and 
low platelets, and perinatal outcomes (prematurity, hypo-
glycemia, polycythemia, respiratory distress syndrome 
and perinatal deaths). It has been demonstrated that 
women with a history of preeclampsia had significantly 
lower AMH levels than women with normotensive preg-
nancies [5]. Remarkably, women with an AMH (in the 
first trimester) less than the 10th centile were at 3.3-fold 
increased risk of pregnancy-induced hypertension. How-
ever, there were no significant associations between low 
AMH concentration and adverse maternal or perinatal 
outcomes [13].

Table 1  Mean (SD) of the basic characteristics in the cases 
and controls

Variables Cases (N = 40) Controls (N = 40) P

Age, years 27.7 (6.9) 29.5 (6.7) 0.254

Parity 2.2 (2.3) 3.2 (2.8) 0.089

Gestational age, weeks 36.7 (1.9) 36.9 (1.0) 0.625

Body mass index, kg/m2 30.0 (5.8) 27.2 (4.9) 0.066

Hemoglobin, g/dl 10.9 (0.9) 11.7 (1.3) 0.004
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In the current study, AMH level was not associated 
with age, parity, gestational age and BMI, which is com-
parable with the findings of a recent report [12].

It is worth to be mentioned that, to our knowledge, 
this is the first published data on AMH serum level and 
preeclampsia in Africa. Maternal serum concentration 
of AMH was reported to be increased in Afro-Carib-
bean women [12], while African women (probably due 
to genetic or environmental factors) showed a relatively 
high ovarian reserve, AMH and oocyte yield compared to 
other races [25]. AMH has advantages over other ovar-
ian reserve marker; it has no significant intra/inter-cycle 
variability, therefore it can be measured on any day of the 
cycle [26].

Thus the current study showed no significant difference 
in AMH level between women with preeclampsia and the 
controls. AMH level was not associated with age, parity, 
gestational and BMI.

Limitations
One of the limitations of the current study is that the 
patients were not followed-up to the postpartum period. 
The follow-up would have detected the post-partum 
changes of the AMH level and would have compared our 

results with the previous studies that were conducted fol-
lowing delivery. All women had late onset preeclampsia 
and none of them had early preeclampsia and this is the 
second limitation of the current study. Furthermore nei-
ther Doppler ultrasound nor intrauterine growth restric-
tion were looked for.

Abbreviations
AMH: anti-Müllerian hormone; BMI: body mass index.

Authors’ contributions
EA and IA involved in design of the study. HM and AEE were involved in data 
collection. EA, IA and HZH were involved in the design and interpretation of 
the analyses for this paper. HZH and IA carried out the analyses and wrote the 
first draft of the paper to which all authors contributed and approved the final 
version. All authors read and approved the final manuscript.

Author details
1 Medical College, Qassim University, Buraydah, Kingdom of Saudi Arabia. 
2 Faculty of Medicine, Alneelain University, Khartoum, Sudan. 3 Omdurman 
University, Omdurman, Sudan. 4 Faculty of Medicine, University of Khartoum, 
P.O. Box 102, 11111 Khartoum, Sudan. 

Acknowledgements
Authors are wishing to thank all women who participated in the study.

Competing interests
The authors declare that they have no competing interests. IA (correspond-
ence) is one of the associate editors of this journal.

Availability of data and materials
The data are available within the manuscript.

Ethics approvals and consent to participate
The study received ethical clearance from the Research Board at the Depart-
ment of Obstetrics and Gynaecology, Faculty of Medicine, University of 
Khartoum, Sudan. Informed consent was obtained from participants.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 28 June 2016   Accepted: 17 June 2017

References
	1.	 Williams D. Long-term complications of preeclampsia. Semin Nephrol. 

2011;31(1):111–22.
	2.	 Duley L. The global impact of pre-eclampsia and eclampsia. Semin Peri-

natol. 2009;33(3):130–7.
	3.	 Khan KS, Wojdyla D, Say L, Gülmezoglu AM, Van Look PF. WHO 

analysis of causes of maternal death: a systematic review. Lancet. 
2006;367(9516):1066–74.

	4.	 Harskamp RE, Zeeman GG. Preeclampsia: at risk for remote cardiovascular 
disease. Am J Med Sci. 2007;334(4):291–5.

	5.	 Yarde F, Maas AH, Franx A, Eijkemans MJ, Drost JT, van Rijn BB, van Eyck 
J, van der Schouw YT, Broekmans FJ. Serum AMH levels in women with 
a history of preeclampsia suggest a role for vascular factors in ovarian 
aging. J Clin Endocrinol Metab. 2014;99(2):579–86.

	6.	 Picard JY, Belville C. Genetics and molecular pathology of anti-Mullerian 
hormone and its receptor. J Soc Biol. 2002;196:217–21.

	7.	 Deffieux X, Antoine JM. Inhibins, activins and anti-Mullerian hormone: 
structure, signalling pathways, roles and predictive value in reproductive 
medicine. Gynecol Obstet Fertil. 2003;31:900–11.

A
M
H
le
ve

l,
ng

/m
l

Pr
ee
cla
mp

sia

Co
ntr
ols

0

1

2

3

4
P= 0.967

Fig. 1  AMH level in women with preeclampsia and controls
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