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ABSTRACT

Hyperandrogenemia and hyperinsulinemia are observed in women with diabetes during pregnancy. The
effect of diabetes on anti-Mullerian hormone (AMH) levels during pregnancy is unclear. The aim of this
study was to determine the AMH levels in women with type 2 diabetes (T2D) and gestational diabetes
(GD) compared to healthy (C) pregnant women during the second half of gestation. A prospective study
of 69 pregnant women with T2D (N: 21), GD (N: 24) and C (N: 24) were followed up during the second
half of pregnancy. Clinical assessments and blood samples were collected at 26.7 (25-27.8); 34 (32-34.9)
and 37.5 (37-40) weeks of gestation. AMH, sexual steroids, insulin, homeostatic model assessment of insu-
lin resistance, HbA1c levels were measured. AMH levels were similar between T2D, GD and C (p=.07).
A decline of AMH levels during the second half of gestation was observed in the three groups (p <.0001).
AMH levels were negatively associated with age (p <.001). A positive association between AMH and tes-
tosterone (p <.05) was found in all groups. A progressive decline of AMH levels is observed in diabetic
and healthy women during the second half of pregnancy. Testosterone levels are an independent factor
that influences AMH levels during pregnancy. However, AMH levels are not affected by the presence of
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diabetes during gestation.

Introduction

An increase in the prevalence type 2 diabetes mellitus (T2D) and
gestational diabetes (GD) in pregnant women in the last decades
has been observed [1,2]. Diabetes and the reproductive axis are
tightly linked [3,4]. Higher androgen and anti-Miillerian hor-
mone (AMH) levels have been previously described in non-preg-
nant women with diabetes [5-7].

An inhibition of follicular growth during pregnancy has been
previously described [8,9]. This process is critical to prevent ovu-
lation during pregnancy and to avoid the development of mul-
tiple gestations and its complications. Recently, higher
testosterone and insulin levels in pregnant women with diabetes
have been described [10]. However, the effect of diabetes on fol-
licular growth during pregnancy is unclear.

Transvaginal ultrasound is a standard tool to assess follicular
count and growth in non-pregnant women. However, the
increase in the size of the uterus during gestation makes difficult
to use this tool during pregnancy. However, AMH secreted by
ovarian follicles can be used as a surrogate marker to study the
follicular growth and provide information about its regulation
during pregnancy.

AMH is a glycoprotein secreted by the granulosa cells of prean-
tral and small antral follicles [11,12]. AMH is not synthesized by
the placenta [13]. This hormone has a significant role in the regula-
tion of gonadotropin-independent follicular growth inhibiting the
growth of primordial-to-primary follicle [14]. It also has a role reg-
ulating and selecting the number small antral follicles stimulated

by the follicle stimulating hormone (FSH) in each menstrual cycle
[15,16]. From a clinical point of view, it is a useful marker of ovar-
ian reserve and predictor of the number of oocytes retrieved in IVF
[17,18]. Importantly, AMH levels have a good correlation with the
small antral follicles number and ovarian volume by ultrasound
[19-21]. AMH levels do not change during the menstrual cycle
[22]. However, a progressive decline in AMH levels with age which
reflects age-related oocyte depletion [23].

The aim of the study was to determine the AMH levels in
pregnant women affected by T2D and GD compared to healthy
pregnant women during the second half of pregnancy. As a
second aim, we analyzed the relationship of AMH levels with the
sexual steroids levels and metabolic parameters during preg-
nancy. For this purpose, we performed a longitudinal study and
compared hormonal and metabolic profile between T2D, GD and
control pregnant women during the second half of gestation.

Subjects and methods
Subjects

A prospective study of pregnant women with T2D, GD and con-
trol (C) group were performed. Pregnant women with diabetes
were recruited from the Fetal-Maternal Unit of the Hospital
Clinico San Borja Arriaran. Control pregnant women were
recruited from our outpatient pregnancy clinic. T2D pregnant
women were diagnosed before pregnancy according to the WHO
definition [1]. GD was defined according to the following
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Figure 1. Flowchart: selection of pregnant women participating in the present study. Exclusion criteria before the present pregnancy: a history of oligomenorrhea, hir-
sutism polycystic ovary syndrome according to Rotterdam Criteria, other causes of hyperandrogenism, the use of corticoids or steroids, ovulation induction drugs, pres-
ence of severe chronic diseases. Exclusion criteria in the current pregnancy: multiple gestations, fetuses with severe malformations and preterm delivery before
34 weeks of gestation. Only spontaneous pregnancy was included in the current study.

criteria: a normal fasting glucose level during the first trimester
of gestation (<100mg/dl) and a fasting glucose level >100 mg/dl
and/or a 2h-glucose level on a 75-gr-oral glucose tolerance test
(OGTT) > 140 mg/dl at 24-28 weeks [24]. The C group had a
normal first-trimester fasting glucose and 75-g-OGTT at
24-28 weeks of gestation [24], which differs from the 2016
America Diabetes Association definition [25].

A thorough retrospective analysis of the participant’s charts to
examine the clinical history before pregnancy was performed.
Only pregnancies carrying a female fetus were included to avoid
differences in steroid levels due to fetal sex [13].

Exclusion criteria included the following: before the present
pregnancy: a history of oligomenorrhea, hirsutism, polycystic
ovary syndrome (PCOS) according to Rotterdam Criteria [26],
other causes of hyperandrogenism, the use of steroids, ovulation
induction drugs. During the present pregnancy: multiple gesta-
tions, fetuses with severe malformations and preterm delivery
before 34 weeks of gestation. Only spontaneous conceptions were
included in the current study.

The Institutional Review Board of the San Borja Arriardn
Hospital approved the protocol, and all subjects signed an
informed consent form.

Two hundred and ninety expectant mothers were invited to
participate in the study as depicted in Figure 1. Ninety-six T2D,
98 GD and 96 C pregnant women have been screened in the pre-
sent study. Forty-five T2D, 48 GD and 46 C subjects carrying a
male fetus were excluded from the present study. Twenty-six
T2D, 25 GD and 25 C pregnant women were excluded since they
did not fulfill the inclusions/exclusions criteria. Finally, 75 preg-
nant women were enrolled with 25 subjects in each arm. Six
pregnant women came to the first visit and subsequently were
lost to follow-up. Sixty-nine pregnant women completed the
three visits as follows: T2D (N: 21), GD (N: 24) and Control (C,
N: 24).

Study protocol

Pregnant women were studied prospectively during the second
half of pregnancy. The first visit (Visit 1) was performed at the
beginning of the second half of gestation (median 26.7, range:
25-27.8 weeks of gestation). The second visit was done (Visit 2)
at the mid-third trimester (median 34, range, 32-34.9 weeks of

gestation). The third visit took place (Visit 3) at late pregnancy
(median 37.5, range 37-40 weeks). Gestational age was similar
between the three groups at each visit (p=.9; p=.95 and
p = .49, respectively).

The clinical and hormonal profile assessments were performed
at each visit. Body mass index (BMI), Ferriman-Galwey score
and waist-to-hip ratio were determined. Overweight and obesity
were defined according to the Chilean national tables for preg-
nant women [1]. All diabetic patients were under a hypocaloric-
hypoglycemic diet and regular physical activity. Insulin and met-
formin therapy were indicated according to maternal metabolic
control when needed.

A fasting blood sample was obtained during each visit for the
measurement of testosterone (T), DHEA-S, estradiol (E2), sex hor-
mone-binding globulin (SHBG), glucose, HbAlc, insulin, insulin
growth factor 1 (IGF-1) and insulin growth factor binding protein
1 (IGFBP-1). The homeostatic model assessment of insulin resist-
ance (HOMA-IR), FAI = free androgen index, was calculated.

Laboratory assays

Total testosterone (T) and DHEA-S were measured by radio-
immunoassay (RIA) from Siemens Healthcare Diagnostics (USA)
as previously described [10,27]. E2 (S=S=0.064ng/ml) was
measured by RIA from Siemens Healthcare Diagnostics. Intra-
assay and inter-assay coefficients of variation (CV) were 6.1%
and 12.2%, respectively.

Serum AMH was assayed using the AMH/MIS ELISA kit
(Immunotech-Beckman, Marseilles, France) as previously
described [10].

HbAlc levels were measured using a commercially available
automatic system (Siemens DCA Systems) [3]. IGF-1 (sensitivi-
ty =3.4ng/ml) and IGFBP-1 (sensitivity = 0.1 ng/ml) were meas-
ured by RIA and ELISA, respectively (DIAsource ImmunoAssays
S.A). Intra-assay CVs were 4.2% for IGF-1 and 6.8% for IGFBP-
1. Inter-assay CVs were 6.55% for IGF-1 and 7.4% for IGFBP-1.

A normal distribution of the variables was assessed using the
Kolmogorov-Smirnov test. The hormonal parameters did not
pass the normality test. The assessment of hormonal variations
throughout the study was analyzed by using generalized equation
estimation (GEE) methodology and by comparing trends between
the same subject within the group and between groups (adjusted
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Table 1. Clinical characteristics of pregnant women at Visit 1. Data are shown
as median (minimum to maximum).

Type 2 Gestational

diabetes mellitus diabetes Control
n 21 24 24
Maternal age (years) 33 (25.9-41.8) 32.6 (20-43) 28.1 (17.3—42.1)3’b
BMI (kg/m?) 344 (243-46) 335 (23.1-48.5) 29.3 (23.4-37.9)*°
Obesity (n, %) 13 (61.9) 11 (45.8) 0 (O)a’b
Mean arterial pressure 96.0 (80-113) 89 (75-100) 85 (75-101.5)

(mm Hg)

Waist-to-hip ratio 0.96 (0.82-1.1) 0.96 (0.77-1.2) 0.92 (0.74-1.2)
Ferriman-Gallwey score 3 (0-6) 3 (0-7) 3 (0-7)
Uterine height (cm) 235 (16-27) 26 (18-28) 23.5 (19-28)
Treatment of diabetes - - -
Insulin (n, %) 6 (28.6) 0 (0.0 0 (0.0)
Metformin (n, %) 6 (28.6) 0 (0.0 0 (0.0)

4p < .05 in T2D group versus C group.
bp <.05 in GD group versus C Group.

by BMI and age). To correct for the lack of a normal distribution
and the dispersion of data, the GEE models were analyzed with a
link function of the identity using a gamma family distribution.
The GEE methodology was also used to evaluate the association
of AMH levels with clinical and metabolic parameters, including
age, BMI, HbAlc and HOMA-IR.

All statistical calculations were conducted with Stata version
14.0 (College Station, TX), and p < .05 was considered significant.
Data are shown as the median with a minimum and maximum
range.

Results

Clinical characteristics of pregnant women with T2D, GD and
Control, are shown in Table 1. T2D and GD were older than
control pregnant women at Visit 1 (33 [25.9-41.8] years; 32.6
[20-43] years; 28.1 [17.3-42.1] years, p <.05; respectively). They
also had a higher BMI (34.4 [24.3-46] kg/mz; 33.5 [23.1-48.5]
kg/m?; 29.3 [23.4-37.9] kg/m’; p < .05, respectively) compared to
C expectant mothers during the time of observation. FG score
was similar between the three groups (3 [0-6]; 3 [0-7]; 3 [0-7],
p =12, respectively).

The hormonal and metabolic characteristics of the participants
are shown in Table 2. Results were adjusted for BMI and age. A
progressive decline of AMH levels within each group during the
time of follow-up was observed (p <.0001). AMH levels were
similar between T2D, GD and C during the second and third tri-
mester of gestation (p=.07).

The T levels remained higher in the T2D group than in the C
group during the second half of gestation (p <.0001, Table 2).
On the other hand, estradiol levels were lower in T2D and GD
compared to C during the second and third trimester of preg-
nancy (p <.0001).

Fasting glucose insulin levels and HOMA-IR were higher
in the T2D group than in the GD and C during the second
half of pregnancy (p<.0001; Table 2). Regarding growth
factors, IGF-1 (but not IGFBP-1 or free IGF-1) serum levels
increased in the three groups during the second half of preg-
nancy (p<.0001), and the levels were similar among the three
groups (p =.3, Table 2).

Association of AMH levels with clinical and metabolic and
hormonal parameters is shown in Table 3. AMH levels were
positively associated with total testosterone levels in the T2D,
GD and C groups (p <.05). AMH was negatively associated with
age in the T2D, GD and C groups (p <.05, p <.05 and p <.001,

Table 2. Hormonal and metabolic parameters during the second half of pregnancy. Data are presented as medians (minimum to maximum).

Visit 3
0.5 (0.1-3.88)

Visit 2
0.9 (0.02-11.4)

Visit 1
1.2 (0.1-3.1)

Visit 3

1.1 (0.01-5.2)

Visit 2
1.2 (0.1-6.6)

Visit 2 Visit 3 Visit 1
0.2 (0.01-3.5) 1.8 (0.1-9.3)

0.5 (0.01-2.3)

Visit 1
0.6 (0.1-4.4)

Anti-Mdllerian hormone

(ng/ml)#
Testosterone (ng/ml)#

SHBG (nmol/l)#
FAl (%)#

0.3-1.2)°

122.1-1272.6)

0.1-1.6)

79-456)><
62.1-95)°¢

3.0-24.9)°
0.6-5.5)°
170-913)

14.9-375)

0.7
604.9

0.1-1.5)°

137.5-1516.5)
0.1-1.3)

0.4
2223
75.9

66.8-514.6)¢
68.3-98.7)¢

0.6
750

0.1-1.3)

130.9-1350.7)

0.1-1.3)

03
150.9

78

43-314.5)°¢
64.7-88.6)>°

8.5

11 (4.9-19.8)¢
22 (0.7-3.3)¢
500 (31.2-953)

10.3-90.8)°
0.2-17.5)¢
130-652)

15
396

33

63.4 (12.4-156.4)

10.8-127.6)

0.4
758.1

0.2-1.4)

247.5-1901.7)

0.1-1.1)

0.2
108.6

72

17.8

1.8-38.9)°

33
390.5

144-840)
8.4-157.2)

38.8

0.8
625.5

0.3-1.7)

184.3-1487.2)

0.1-1.3)

0.4
2137
80.3

75.3-279.7)
69.8-166)°

0.6
578.1

0.1-1.3)

216.5-1470.1)

0.1-1.1)

0.4
165.6
815

46.2-203.3)
65.1-153)%

47-6.3)°

8.9

9.1 (2-70.9)°

2.2-86.9)°
0.4-20.4)

2.3 (0.4-12.8)

510
247

488 (140-1386)
36 (7.3-151)

125-1204)
5.9-175.6)

597.2

288.2-1793.2)
0.1-1.7)

0.3

934
80.9

98.1-348.2)
65.4-144)
5.3-10.7)
4.8-42)

53

10

353
30.1

246-989)

12.4-147.6)

0.2-1.7)

716

181.5-2361.1)

0.2-1.1)

0.4
193.5
83.2

48.3-356.3)
65-144)

0.9
704.8

0.1-1.2)

289.3-1243.6)
0.1-0.7)

0.4
128.7
90.5

21.9-147.1)
72.8-221)
5-13.7)
4-196)

6.3

19.2

18.7 (5.2-144.4)
4.5 (0.9-32)

0.9-62.9)

598 (167-1168) 521
56.1

136-1084)
11.1-96.5)

37.8 (7.5-154.3)

0.5
651.1

0.2

722
100.6

Estradiol (ng/ml)
Glucose (mg/dl)

HbA1c (%)

5.9
16.9

Insulin (uUl/ml)

HOMA-IRt

4.2
389.5

IGF 1 (ng/ml)#

295

IGFBP 1 (ng/ml)

bp< .0001 in T2D group versus C group.

@p <.05 in T2D group versus GD group.
p < .05 in GD group versus C group.

¢p <.0001 in T2D group versus GD group.
€p < .05 in T2D group versus C group.

#p <.0001 for an increase in the trend for advancing gestational age during pregnancy.
t<.05 for a decrease in the trend for advancing gestational age during pregnancy.
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Table 3. Association of AMH with clinical and hormonal parameters in the T2D, GD and C group during the second half of pregnancy.
The results are shown as the B coefficient and 95% coefficient interval (Cl) according to generalized estimated equation (GEE) model.

Anti-Mdllerian hormone

Type 2 Diabetes Gestational Diabetes Control

B 95% Cl B 95% Cl B 95% Cl
Age —0.089° —0.164 to —0.013 —0.097° —0.197-0.003 —0.014° —0.096-0.14
BMI —0.047 —0.094-0.00002 0.054 —0.02-0.13 —0.040 —0.12-0.34
DHEAS —0.002 —0.009-0.005 —0.004 —0.01-0.023 —0.03 —0.001-0.003
Testosterone 0.033° —0.011-0.172 0.017° —0.043-0.076 1.5° —0.07-3.1
FAI —0.013 —0.573-0.547 —0.818 —1.94-0.31 —-0.6 —2.36-1.16
Estradiol 0.00001 0.00002-0.00003 0.0001 —0.00004-0.00003 0.001 —0.00002-0.00001
Insulin 0.003 —0.002-0.007 —0.007 —0.019-0.004 —0.004 —0.018-0.009
HbA1c (%) —0.067 —0.25 to —0.12 —0.12 —0.036-0.11 —0.99 —0.72-0.42
IGF-1 0.0005 —0.0002-0.001 0.001 —0.003-0.001 0.0003 —0.001-0.002
IGFBP-1 —0.001 —0.006-0.004 —0.001 —0.002-0.0009 —0.0001 —0.002 to 0.002
p< .05.
®p <.001.

respectively). DHEAS, FAI, estradiol, were not significantly asso-
ciated with AMH levels in T2D (p=.56, p=.07 and p=.35;
respectively), GD (p=.67, p=.12 and p = .45; respectively) and
C (p=.7, p=.2 and p=.5; respectively). HbAlc, HOMA-IR and
insulin levels were not associated with AMH levels in the T2D
(p=.9, p=.8 and p=.08, respectively), GD (p=.6, p=.9 and
p=.3) or C groups (p=.7, p=.9 and p=.2). Finally, AMH lev-
els were not significantly associated with IGF or IGFBP-1 levels
in the three groups.

Discussion

This study reports a longitudinal cohort of 21 T2D, 21 GD and
24 healthy pregnant women during the second half of pregnancy.
We analyzed the effect of T2D and GD over AMH plasmatic lev-
els during gestation. A decrease of AMH levels in diabetic and
control pregnant women from the second trimester to the end of
gestation was observed. In addition, AMH concentrations were
similar in all groups during the second half of gestation.
Testosterone, insulin and HOMA-IR levels were higher in T2D
compared to GD and control pregnant women. These data sug-
gest that presence of T2D or GD is associated with abnormal
secretion of sexual steroids levels, but it does not affect AMH
levels during the second half of pregnancy.

We noted a progressive decline of AMH levels in diabetic and
control pregnant women from the second trimester to the end of
gestation. By the end of the third trimester, AMH levels were
similar to the ones reported in non-pregnant women with a low
ovarian reserve [28]. Similar results have been previously
reported in GD and healthy pregnant women [8,29,30]. This
finding is opposite to what is observed in non-pregnant women,
where AMH levels are stable during the menstrual cycle and only
decrease with increasing age [22,31,32]. Even though AMH is a
marker of ovarian reserve, it is produced by different stages of
growing preantral to early antral follicles and, it is unclear which
follicle class contributes most to the circulating concentrations
[19,33]. Similarly, in vitro studies have shown that AMH may
promote preantral follicle growth [34]. Kelsey et al. have sug-
gested that AMH may mirror the preantral recruitment rate
[31,35]. Thus, the progressive decline of AMH levels observed
during pregnancy may represent a decrease in AMH secretion by
small growing follicles, rather than a loss in the follicular pool.

We analyzed which factors could influence on AMH levels in
diabetic and control women during pregnancy. As expected, a
negative association with maternal age was observed in all groups.

However, we found a positive association of AMH with testoster-
one, in healthy and pregnant women with T2D and GD during
gestation. Similar findings have been found in healthy non-preg-
nant women, women with low ovarian reserve and in PCOS
[19,36,37]. Additionally, in vitro studies have shown that testos-
terone promotes the growth of preantral and small antral follicles
[38]. These findings suggest that testosterone is an independent
factor that influences in AMH levels in diabetic and healthy
pregnant women.

Conversely, no significant association of AMH with BMI,
estradiol, insulin, HOMA-IR or IGF-1 levels were observed. This
result corresponds with previous findings reported by Nelson
et al. in healthy pregnant women [8], suggesting that other fac-
tors regulate AMH levels during pregnancy.

As previously reported, T2D and GD pregnant women exhibit
two different endocrine and metabolic phenotypes. T2D pregnant
women are characterized by higher insulin resistance, testoster-
one levels and lower estradiol levels compared to control women.
On the other hand, GD expectant mothers only showed lower
estradiol levels, but not higher insulin resistance, and testosterone
levels [10]. Even though we found higher testosterone levels and
insulin resistance in T2D pregnant group, the presence of T2D
group was not associated with higher AMH levels during preg-
nancy. This finding can be explained by the fact that higher lev-
els of SHBG levels observed during pregnancy can be associated
with a lower bioavailability of androgens and thus inhibiting fol-
licular growth. Additionally, the short time of exposition to
hyperandrogenemia during gestation could not be sufficient to
affect follicular growth. Finally, low AMH levels observed during
the second half of pregnancy could require of more sensitive tests
or a bigger size sample to find a significant difference between
groups under study.

In summary, the present study indicates that T2D is associ-
ated with higher androgen levels and insulin resistance during
the second and third trimester of pregnancy. The presence of
diabetes does not affect AMH levels. Low levels of AMH were
observed, may represent a decrease in AMH secretion during the
second half of gestation. On the other hand, testosterone levels
had a positive association with AMH in diabetic and control
pregnant women, suggesting that T is an independent factor that
influences AMH levels.
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