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Abstract

Objective:

To evaluate the different markers of ovarian reserve (AMH-Inhibin B , FSH and antral follicle
count (AFC) in insulin dependent diabetes mellitus ( IDDM).

Methods:

We studied 30 patients with IDDM as study groups (10cases>32 years group IV and 20 cases
<32 years group I1) and 20 healthy women as control groups (8 cases >32 years group Il and 12
cases <32 years group | . Serum levels of FSH, LH, inhibin B and AMH were measured at (days
1-7) of menstrual cycle and AFC was done by trans vaginal ultrasound.

Results:

AMH levels were lower in IDDM patients than in controls > 32 years (2.35+£2.2 versus
7.79£1.73 p0.000). Also IDDM groups showed lower levels of inhibin B. While there is no

difference in the levels of FSH .. AFC is valuable for the diagnoses of premature ovarian failure
in IDDM.

Conclusion:

Compared with FSH (AMH and inhibin B) are more valuable for the diagnosis of premature
ovarian aging in IDDM patients which developed earlier decline in the ovarian follicle pool
compared with the healthy women and also AMH is more valuable than AFC for detection of
premature ovarian failure in IDDM.

Introduction N _ _
abnormalities may be especially detrimental

Menopause is defined according to the for woman with type 1 diabetes mellitus
world health organization classification as (IDDM) who also experience menopause at
condition of absence of spontaneous a younger age (8 years earlier in women
menstrual b|eeding for more than 12 with DMI as compared with their sisters)
months. The most frequently applied (Conder and Cassoral, 2009,Snell-
definition of premature ovarian failure Bergeon et al., 2008).
(POF) is the spontaneous absence of Anti-mullerian hormone (AMH and
menses for at least 4 months in combination inhibin B are member of the transforming
with FSH levels exceeding 40 I1U/liter growth factor B super family and both are
before age 40 years. This condition occurs expressed by the granulosa cellsof the
in approximately 1%of the female ovary.
population (Coulam et al., 1986). Circulating levels of AMH and inhibin B
Menopause is an event that is are correlated with primordial follicle
associated with the exacerbation of several recruitment, suggesting that they may be
diseases and a decrease in bone mass pOthti&' clinical markers for ovarian
(Martin and Manson, 2008). These reserve.
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Inhibin B is a glycoprotein hormone
produced mainly by granulosa cells of the
ovary in early folliculogenesis. It
selectively suppresses the secretion of
pituitary FSH and has local paracrine
actions in gonads.

. AMH determination has been proposed in
clinical practice for the prediction of
ovarian reserve because it signals pool of
inactive and initially growing follicles, it
means, the stock of primordial follicles. In
other words, AMH is considered to be a
marker that can be used to estimate the
guantity and activity of retrievable follicle
units in early stages of maturation, thus
more reliable for the prediction of ovarian
reserve (Sowers et al., 2008).

AMH as compared to FSH, inhibin-B and
E,, has the advantage of reduced variability
of its serum concentrations along the

menstrual ~ cycle,  with  consequent
credibility, uniformity of evaluation and
malleability regarding the time of

determination.

There are recent reports of AMH as an
accurate noninvasive method for determining
ovarian follicle reserve and reproductive aging.
Women with IDDM have prematurely aging
ovaries, as demonstrated by an early decline in
the levels of AMH and inibin B (Soto et al.,
2009),

Sowers et al. (2008) observed that serum
AMH levels began to decline 10 years
before the final menstruation however
levels of estradiol (E;) and FSH were
normal until a couple of years before the
cessation of menses.

The mean AMH only declines after about
age 30 (£3) years, so AMH can only be
regulated as being correlated with declining
ovarian reserve after this age.

Likewise, studies of early follicular inhibin
B are thought to be an indicator of ovarian
aging, but a single-time inhibin B value is
more difficult to interpret because it may be
influenced by cycle phase as well as body
mass and perhaps ethnicity (Freeman et al.,
2005).

FSH is secreted by the B-cells of the
anterior pituitary under the control of the
gonadotrophin releasing hormone produced
in the hypothalamus. FSH facilitates the

503

development and maintenance of gonadal
tissues, which synthesize and secrete
steroid hormones. Circulating levels of FSH
are controlled by a negative feedback
mechanism on the hypothalamus by
steroidal hormones (Burger et al., 2007).

In menopause, with diminished ovarian
function, there is a resulting decrease in
estradiol secretion. Due to the lack of a
negative feedback effect, with diminished
estradiol, the circulating FSH levels
become significantly increased (Mary et al.,
2008).

Scheffer et al. (1999) demonstrated that the
number of primordial follicles in the ovary
as published by (Faddy and Gosden, 1996).
Correlated well with the number of growing
follicles, counted by trans-vaginal
sonography in the early follicular phase so
decreasing size of the antral follicles cohort
with age is a reflection of the decreasing
primordial follicle pool. They used this
principle to measure ovarian reserve,
defined as the total number of follicles,
which can be stimulated under maximal
ovarian stimulation with FSH.

(Hendriks et al., 2005) published a meta-
analysis on the AFC as a predictor for poor
ovarian response and concluded that AFC is
an adequate test for the prediction of poor
ovarian response comparing to basal FSH.
This study was conducted to evaluate the
different markers of ovarian reserve (AMH-
Inhibin B , FSH and antral follicle count
(AFC) in insulin dependant diabetes
mellitus ( IDDM).

Subjects and Methods

The present study included 30 patients with
IDDM as a study group and 20 healthy
women as a control group selected from
out-patient Gynecology clinic at Al-Zahraa
University Hospital from Sept 2009-April
2010. . Patients with IDDM included in
this study fulfilled the following inclusion
criteria( women younger than 40 years, not
pregnant, did not obtain hormonal therapy
or any drug known to affect ovarian
function for at least 6 months prior to
enrollment. did not undergo radiotherapy or
chemotherapy or ovarian surgery were
diagnosed with IDDM before 30 years of
age and the duration of disease was at least
forl year. : Women were excluded if they
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were ( Type 2 D.M or other types of D.M
Af they have liver, renal. thyroid and.
Genetic diseases )

Study Protocol

Full history taking including menstrual
history. General examination (height and
weight).

- Patient mean age was 42 years (Range
20 -40 years) SD 2-1).

- Mean BM1 was 26.5+5.3kg/m?.

- Menstrual cycles were considered as
irregular if they were longer than 35 days or
shorter than 21 days or when the length
difference between two successive cycles
was greater than 2 days (Burger et al.,
2005).

Antral follicle count (AFC) was defined as
the total number of visible round or oval,
intra ovarian transonic structures with
diameter between 2 and 10mm.

Low AFC cut off was set as less than five
follicles because this number is associated
with poor response and significantly lower
rate of pregnancies in invitro fertilization
IVF (Bancsi et al., 2004).

AFC were measured using 2 & 3D ultrasound
imaging with the 7.5 MHZ endovaginal probe
(Kertz-voluson 530D or medison V20). The
patients were examined at early follicular phase
1-7 days of menstruation once the ovary was
located the observer used the transducer to
scroll through the ovary in two planes,
longitudinal and transverse and observe the
antral follicles. Each antral follicle was then
identified in turn until the whole ovary had
been analyzed. Antral follicle size was
measured by taking the mean of two
perpendicular diameters. Then count the
number of follicles (Fig. 1, 2 & 3). Then 3D
mode was activated and the measurement and
counting of antral follicle were repeated to
obtain accurate antral follicles counting. The
same process was repeated for the contralateral
ovary. If one or both ovaries could not be
visualized, the AFC was marked as not visible.
Sex ml of wvenous blood were withdrawn
under aseptic conditions from both groups of
women during the follicular phase (days 1-7)
for the measurement of AMH, inhibin B,
gonadotrophins.

F.S.H and LH were done by immulite 1000
auto analyzer.Kits supplied from Siemens,
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Germany,(catalog number LKLH1) with
analytical sensitivity 0.1 miU /ml for both.
FSH & LH is a solid phase, two-site
chemiluminescent immunometric assay. (The
solid phase is a polystyrene bead enclosed
within a test unit, is coated with a
monoclonal murine anti LH or FSH
antibody. The patient specimen is added to
the test unit containing the coated bead. An
alkaline  phoshatase  conjugated to
polycolonal goat anti —LH or FSH is also
added to the test unit.After the wash and
incubation steps,chemiluminescent
substrate undergoes hydrolysis in the
presence of alkaline phoshatase .The
photon output as measured by the
luminometer is related to the presence of
LH or FSH in the sample).

AMH Assay

Serum AMH was assayed using active MIS
/ AMH ELISA kit (diagnostic system
laboratories, INC. (ABeckman coulter
company, DSL- 10- 14400) For direct
measurement of AMH in human serum.The
analytical sensitivity is 0.006 ng/ml .Intra
and inter assay coefficient of variation is
between 3.3 and 4.6 % and between 6.7 and
8.0 % respectively.

The ACTIVE MIS/AMH ELISA is an
enzymatically amplified two-site
immunoassay. In the assay, standards, controls
and samples are incubated in microtitration
wells which have been coated with anti-
MIS/AMH antibody. After incubation and
washing, anti-MIS/AMH detection antibody
labeled with biotin is added to each well. After
a second incubation and washing step,
streptavidinhorseradish peroxidase (HRP) is
added to the wells. After a third incubation and
washing step, the Substrate
tetramethylbenzidine (TMB) is added to the
wells.

Lastly, an acidic stopping solution is added.
The degree of enzymatic turnover of the
substrate is determined by dual wavelength
absorbance measurement at 450 nm and
between 600 and 630 nm. The absorbance
measured is directly proportional to the
concentration of MIS/AMH in the samples. A
set of MIS/ AMH standards is used to plot a
standard curve of absorbance versus
MIS/AMH concentration. The MIS/AMH
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concentrations in the samples can then be
calculated from this standard curve.

Inhibin B Assay

Serum inhibin B was assayed using active
inhibin B ELISA Kkits (diagnostic systems
laboratories, INC.Corporate, head quarters,
USA DSL- 10-84100) .The analytical
sensitivity is 7 pg /ml. Intra assay and inter
assay coefficient of variation is between 3.5
and 5.6 % and between 6.2 and 7.6 %
respectively

The DSL-10-84100 ACTIVE® Inhibin B
ELISA is an enzymatically amplified two-
site two-step sandwich-type immunoassay.
In the assay, Standards, Controls and
unknown serum samples are incubated in
microtitration wells, which have been
coated with anti-inhibin beta B subunit
antibody. After incubation and washing, the
wells are incubated with biotinylated anti-
inhibin alpha-subunit detection antibody
and the immunoreaction monitored by
subsequent addition of streptavidin labeled
with enzyme horseradish peroxidase (HRP).
After a third incubation and washing step,
the wells are incubated with the substrate
tetramethylbenzidine (TMB) .

An acidic stopping solution is then added
and the degree of enzymatic turnover of the
substrate is determined by dual wavelength
absorbance measurement at 450 and 620
nm . The absorbance measured is directly
proportional to the concentration of inhibin
B present. A set of inhibin B Standards is
used to plot a standard curve of absorbance
INHIBIN B EL ISA DSL-10-84100
Statistical analysis:

- Data was analyzed by Microsoft Office
2003 (excel) and Statistical package for
Social Science (SPSS) version 16.

- Parametric data was expressed as mean
+SD, and non parametric data was
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expressed as number and percentage of the
total.

- Comparing the mean = SD of 2 groups
was done using the student's t test.

- Comparing more than two groups was
performed using the Analysis of Variance
(ANOVA).

- Measuring the mutual correspondence
between two values was done using the
spearman correlation coefficient.

P value > 0.05 is considered non-significant
P value < 0.05 is considered significant

P value < 0.01 is considered highly
significant.

Results

Women with IDDM their age > 32 years
(ranged from 32- 40 with mean = SD 36.2
+3.7 group IV and their number was 10.
Women with (IDDM) their age <32 years
ranged from 20 to 32 years with mean £SD
21.8 4.0 group Il. Compared to matched
controls (20). These control groups were
classified into 2 groups.

Healthy women their age were > 32 years with
mean £SD 37.4 £3.9 and their number were 8
women (group I1).

healthy women their age were <32 years
with mean £29.2+7.8 and their number
were 12 women group (group ).

The body mass index (BMI) in
group IV was 25.3t1.1 while the BMI in
group Il 24.2+2.7 and that of control group
111 was 26.1+4.2 and that of control group |
was 24.8+4.7. The menstrual irregularities
in group IV (IDDM) >32 years were 30%
while in group Il (IDDM) <32 years were
20.0% and that of control group Il were
5% compared with 0% group |
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Table (1): Clinical characteristics of women with IDDM and control women.

Control <32 DMI <32 Control> 32 DMI >32
(group 1) (group I1) (group 1) (group IV)
N 12 20 8 10
Age (years) 29.2+7.8 21.844.0 37.443.9 36.2+3.7
Gynecological age
(years) 13.0+£3.5 10.243.2 24.1+3.2 23.9+3.4
Ageatmenarche | 1 gi16 | 124415 | 131416 | 13.2414
years
BMI Kg/m2 24.8+4.7 242127 26.1+4.2 25.3+1.1
Me”“&‘g oyele | ogei23 | 3254114 | 28317 | 3344422
Menstrual 0% 20% 5% 30%
irregularity
Table (2): Comparison between the studied groups as regard F.S.H.
FSH FSH
miUML miIUML FSH mIU/ML | FSH IU/ML
Group | Group 11 Group Il Group IV
Control €32 | Patient <32 Control Patient >32
n=12 n=20 >32 n=8 n=10
Mean 5.39 6.39 8.94 10.1
SD 0.66 2.18 2.28 2.54
Min 45 35 55 7.5
Max 6.5 11 13 15.6
P value 0.141 0.192
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12+
10.1

10+ 8.94

6.39

64 539

Group | Group Il Group Il Group IV

F.S.HinIDDM > 32 Y group IV IDDM < 32 Y group Il as compared to Control groups.

Table (3): Comparison between the studied groups as regard LH.

LHmIUML | LH r_nIU/ML LHmIUML LH r_nIU/ML
Control<32 Patient <32 Control>32 =8 Patient >32
n=12 n=20 n=10
Group | Group 11 Group Il Group IV
Mean 4.50 6.40 8.89 6.38
SD 2.43 3.29 2.60 2.43
Min 1 1.3 4.88 15
Max 9 11.5 11.5 10
P value 0.085 0.045

Comparing the mean £SD levels of F.S.H among groups revealed no significant difference in
the mean +SD levels among the (IDDM) and control groups > or <32 years. Comparing the
meanxSD levels of LH among groups revealed no significant difference in the mean=SD of LH
among (IDDM) and control groups (P>0.05).
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LH

8.89

6.4

6.38
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Group |

Group Il

Group Il

Group IV

LH in IDDM > 32 Y group IV and IDDM <32 'Y group Il as compared to control groups.

Table (4): Comparison between the studied groups as regard inhibin B.

Inhibin B pg/ml Inhibin B pg/ml Inhibin B pg/ml Inhibin B py/l
Control<32 Patient <32 Control >32 Patient >32
n=12 n=20 n=8 n=10
Group | Group 1l Group 11 Group IV
Mean 73.96 50.06 65.83 21.22
SD 28.67 24.45 17.95 18.76
Min 22.3 1.005 22 8.7
Max 96 96 87 78
P-value 0.065 0.000

There was no significant difference in the mean £SD of inhibin B in group Il (IDDM) <32 when

compared to group | control group <32 (P>0.05) and there was highly significant decrease in
mean £SD of inhibin B in group IV (IDDM) >32Y (21.22+18.7) when compared to group Il
control group >32 Y (65.8+17.9) (P<0.01).
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InhibIn

Group |

Group Il

Group Il

Group IV

Inhibin B in DDMI > 32Y group 1V and DDMI < 32 'Y group Il as compared to control groups.

Table (5): Comparison between the studied groups as regard AMH.

AMH ng/ml AMH ng/ml AMH ng/ml AMH ng/ml

Control <32 Patient <32 Control >32 Patient>32
n=12 n=20 n=8 n=10

Group | Group Il Group 11 Group IV
Mean 7.88 581 7.79 2.35
SD 9.37 2.46 1.73 2.22
Min 2.5 2.5 5.6 0.05

Max 43 9.2 9.6 7.5
P-value 0.396 0.000

There was highly significant decrease in mean £SD of AMH in group IV (IDDM) >32 Y
(2.35+2.2) when compared to group Il (Control group > 32 Y) (7.7941.7) P<0.000) and there
was no significant difference in mean + SD of AMH level in group Il (IDDM <32Y)

(5.8+£2.46) when compared to group | (control group <32 Y) (7.88+9.37) (P>0.05).
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Group |

2.35

Group Il

Group Il

Group IV

AMH in IDDM > 32Y group IV and IDDM <32 Y group Il as compared to control groups.

Table (6): Comparison between the studied groups as regard Antral follicle count.

Control <32 Patient <32 Control >32 Patient>32
n=12 n=20 n=8 n=10
Group | Group 1l Group 11 Group IV
AFC No of
follicles in 9.1+4.3 4.613.2 5.5+6.5 24115
two ovaries
<5% 20% 60% 65% 90%
Not visible 0% 15% 15% 30%

There is statistically significant difference AFC in IDDM groups compared with the control

groups P<0.01
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Antral follicle count in DDMI groups compared with control
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Fig. (1&2): Transverse/view of the ovary on 2D-US. Each AF is measured by taking the
mean of two per pendicular linear measured (calipers)

Fig. (3): AFC by 3D
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Discussion

IDDM have premature ovarian aging:
Several mechanisms are involved include
elevated levels of vascular endothelial
growth factor, apoptosis (Tilly, 2001).
Protein damage and a reduced oxygen
supply (Taton et al., 2008).

The incidence of menstrual irregularities was
higher in the IDDM>32-years (group 1V)
compared to IDDM <32 years (group Il). Also
cycle length was longer in IDDM>32 years
(group IV).

Serum AMH levels began to decline 10
years before the final menstrual period
however levels of FSH, E2 are normal until
a couple of years before the cessation of
menses.

AMH determination has been proposed in
clinical practice for the prediction of ovarian
reserve because it signals pool of inactive and
initially growing follicles, it means the stock of
primordial follicles (Van Rooij et al., 2005).
The present study showed highly significant
decrease of AMH in DMI > 32 years when
compared to control group of the same age
P<0.01 however there was decrease but not
statistically significant difference in AMH
levels in IDDM <32 years compared to
control group <32 years. In agreement with
our finding (Soto et al., 2009) reported
lower levels of AMH in IDDM women >33
years of age and similar levels of AMH in
IDDM group <33 years compared with
control group. Also (Van Dissel et al.,
2008), reported that AMH levels may
predict age at menopause and in women
approaching menopause, extremely low
AMH levels are observed.

In the present study there is statistically
significant decrease in AFC in IDDM
groups compared with the control groups
P<0.01.

However AFC not visible in 30% of cases
IDDM >32Y.

Also (Sheffer et al., 2003), observed that
ultrasonography is not conclusive in 26% of
hypergonadotropic patients because one or
both ovaries were not visible.

In agreement with our results Robertson et
al. (2008), suggested that AMH is more
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consistent than AFC as a measure to assess
the extent of the follicle pool this is because
on or both ovaries were not visible,
Moreover, AFC requires state of the art
ultrasound machines and expererienced
ultrasonographists (Scheffer et al., 2006).
Circulating levels of FSH are controlled by
a negative feedback mechanis on
hypothalamus by steroidal hormones.
Although days 3 FSH is widely used as an
ovarian reserve test, its accuracy in
predicting a poor response is adequate only
when very high thresholds are used
(Broekmans et al., 2006).

In this study we found that the levels of
FSH were normal in IDDM>32years while
there was decrease in the levels of serum
AMH. This can be explained by
Broekmans et al. (2006), who reported that
the value of FSH usually maintains within
normal ranges and tend to rise only when
ovarian function is deeply compromised, so
its level cannot be used as a criterion of
couple exclusion from assisted reproduction
cycles.

Inhibin B selectively suppresses the
secretion of pituitary FSH and has local
paracrine actions in gonads.

The inverse and tight relationship between
FSH and inhibin B indicates that inhibin B
is a sensitive marker of ovarian follicular
competence and play a role in follicular
development (Ramalho et al., 2008).
Tsigkou et al. (2008), suggested that
increase in inhibin B should sign an
autoimmune  etiology  for  ovarian
insufficiency as a result of precocious
thecal destruction with preservation of
granulose cells.

The present study showed lower levels of
inhibin B in IDDM groups compared with
the control groups. This decrease was
statistically significant in IDDM >32years.
This findings suggest poor ovarian reserve
and a lower number of antral follicles in
these patients. Also this lower levels of
inhibin B exclude autoimmune oophritis as
a cause of premature ovarian failure.

Our results also showed that AMH levels
and inhibin B levels decrease earlier in
women with IDDM and they are better
predictor of ovarian reserve than AFC.
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