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OBOCHOBAHME. [1n5a »eHLWMH ¢ caxapHbim anabetom 1 trna (C[1) xapakTepHO YCKOPEHHOE CTapeHune, YTo NPOsBSAET-
CA B MOBbILIEHNM YaCTOTbl CEPAEUYHO-COCYAUCTBIX COOBITUI, HAPYLLEHMSAX OBapUaibHO-MeHCTPYyasibHOM GYHKLUK, B PaHHEM
HacTynjieHUy MeHonay3bl. [loKa3aHo, UTO HapyLUeHVe PENPOAYKTUBHON GYHKLMM Y xeHWwrH ¢ CI1 MoXeT 6biTb CBs3aHO,
B YaCTHOCTM, CO CHUKEHMEM OBapUanbHOro pesepsa.

LIENIb. CpaBHWTb OBapuranbHblll pe3epB Y XKeHLWMH penpoayKTnBHoro Bo3pacta c C41 n 6e3 CA1.

METO/AbI. B niccnepoBaHume BkntoueHbl 605bHble CL1T 1 30pOoBbIe KEHLUHbBI PENPOAYKTMBHOIO Bo3pacTa (oT 18 po 37 neT).
Y Bcex 60bHbIX Ha 2-3 AeHb MEHCTPYaNIbHOIO LiMK/a Onpeaenany cieayoLle Mapkepbl OBapranibHOro pe3epBa: CbiIBOPO-
TOYHbIE YPOBHU aHTMMIOIepoBa ropmoHa (AMI), nHrnbuHa B, ponnukynoctumynupyiouiero ropmoxa (OCI), notemHUsmpy-
toero ropmoHa (JIN), acTpagmona, TeCTOCTEPOHA, @ TakXKe YNbTPa3BYKOBbIE MAPAMETPbl — KOFOPTY aHTPasibHbIX GONKYNIOB
1 06bem ANYHKKOB. [lONONHMUTENbHO UCCNIeL0BANN YPOBEHD MMKMPOBAHHOIO reMorfiobuHa (H bAk, %).

PE3YJIbTATbI. O6cnepoBaHo 224 60nbHbix C41 1 230 300p0BbIX *KeHLWMUH. CTaTUCTUYECKN 3HAUUMO Y »KeHWwnH ¢ CLT n 6e3
CA1 paznuuyanucb ypoeHb AMI, KoropTa aHTpasibHbIX GONNNKYNOB, B TO »Ke BpeMs NapaMeTpbl OCTaBannch B pedepeHTHbIX
npepenax. OTMeyanacb BblpaXkeHHas OTpULATENbHAA 3aBUCMMOCTb MexXay yposHAMU HbA, 1 AMI.

3AKNKOYEHUE. 1na 6onbHbix CL11T penpoayKTMBHOIro BO3pacTa XapakTepHO CHUXKEHMe NoKasaTesieli OBaprasibHOro pesepsa
MO CPaBHEHMIO CO 3A0POBbIMU XeHLUVMHaMW. YKa3aHHbIe N3MeHeHMs Hapaady C faHHbIMK O 6onee BbICOKON YacToTe Hebnaro-
NPUATHBIX UCxo0B HepemeHHOCTU Y 6onbHbIX CL11 cnepyeTt yumTbiBaTb NPU KOHCYNLTUPOBaHUN 60nbHbIX CL1T ruHeKonorom
1 SHLOKPUHONOIoM (pekoMeHAaumm no 6onee paHHeMy NIaHUPOBAHMIO 6epemMeHHOCTY A COXPAHEHMWs BO3MOXHOCTU Npu-
MeHeHNA BCNOMOraTesibHbIX PenpoayKTUBHbIX TEXHOMOT I MPU AINTENbHbIX 6e3yCreLLHbIX MOMbITKax eCTECTBEHHOO 3a4aTuA).
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BACKGROUND: Premature aging are frequently observed among individuals with type 1 diabetes. Decrease of ovarian re-
serve may be one of the characteristics of such process.

AIMS: To evaluate the ovarian reserve function in female patients of reproductive age with type 1 diabetes in comparison
with healthy women.

MATERIALS AND METHODS: This study evaluated 224 Caucasian women, age 18-37 years with type 1 diabetes and 230
healthy women of comparable age. Serum concentrations of anti-Mullerian hormone (AMH), inhibin B, follicle stimulating
hormone (FSH), luteinizing hormone (LH), estradiol, progesterone and testosterone were compared on the 2-3 day of men-
strual cycle as ovarian volume and antral follicle count (AFC). In addition, glycated hemoglobin level (HbA, %) was evaluated.

RESULTS: We reveal statistically significant difference in following parameters in diabetic women in comparison with healthy
women: AMH, AFC. But even in diabetic patients parameters remained within reference ranges. There was a pronounced
negative relationship between the levels of HbA, % and AMG.

CONCLUSIONS: Ovarian reserve function parameters decrease in young women with type 1 diabetes in comparison with
healthy women, but ovarian reserve parameters are in normal reference range. These findings are important in pregnancy
planning consulting by gynecologists and endocrinologists. We must recommend to women with type 1 diabetes more early
planning of natural pregnancy for treatment with reproductive technology in cases of prolog absence of nature pregnancy.
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Despite the significant improvement in the prognosis
for patients with type 1 diabetes mellitus (DM1) in recent
decades, such patients are still at risk of early formation
of micro- and macrovascular complications, leading to
peripheral artery lesions, development of cardiovascular
and cerebrovascular diseases and progression of chronic
kidney disease [1]. It is obvious that in many respects, the
increaseinriskis associated with metabolic disorders typical
of DM1 (hyperglycemia, hyperlipidemia, etc.), but the
extent of its increase cannot be explained by these factors
alone. Moreover, the known gender differences in the
incidence of cardiovascular diseases (significantly higher in
men) in DM1 patients are much less pronounced than in the
general population. Early development of cardiovascular
diseases is not the only manifestation of accelerated ageing
in DM1 patients; other manifestations include thinning and
increased stiffness of the basic membrane of the muscular
capillaries. This is observed in individuals without DM1 only
after the age of 50 years, but in DM1 patients, it is noted
at a much younger age, especially with the long course of
the disease. In addition, cataracts often develop in DM1
patients, and the rate of cell renewal is reduced as compared
with that in healthy individuals [2].

Clearly, other manifestations that cause discrepancies
between the biological and calender ages of DM1 patients are
underestimated. ItisknownthatmenarcheappearslaterinDM1
patients as compared with healthy women, and an irregular
menstrual cycle is noted more often in the reproductive
period, with the presence of amenorrhea, polymenorrhea, or
oligomenorrhea in 30% of female DM1 patients; menopause
also occurs earlier [3]. In female DM1 patients, polycystic ovary
syndrome often develops, and reduced fertility is characteristic
[3, 4, 5]. Late DM1 complications and high levels of glycated
haemoglobin (HbA1c) may contribute to a reduction in ovarian
reserve in DM1 patients; however, it appears that the basis of
pathogenesis in such patients is a cascade of autoimmune
processes.

Ovarian reserve is the number of antral follicles in both
ovaries. To determine ovarian reserve, it is customary to
evaluate the serum levels of follicle-stimulating hormone
(FSH) and anti-Mullerian hormone (AMH) on day 2-3 of the
menstrual cycle. A reduction in ovarian reserve is associated
with a decrease in the number of eggs and loss of quality,
indicating a poor prognosis for in vitro fertilisation outcomes.
The evaluation of AMH levels is especially important in
young women, since the reduction in ovarian reserve is
often overlooked by clinicians, and as a result, the infertility
diagnosis remains incomplete, meaning that all possible
interventions are not exploited [6].

A study by Soto et al. (2009) revealed that premature
ovarian ageing occurs in DM1 patients, which is manifested as
a decrease in the levels of AMH and inhibin B. This indicates
an earlier decrease in the number of follicles in the ovaries as
compared with healthy women [7]. The present study aimed
to perform a comparative assessment of the ovarian reserve in
female DM1 patients and healthy women of reproductive age.

AIM
The present study aimed to compare the ovarian

reserve between female DM1 patients of reproductive
age and their healthy counterparts.
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METHODS

Prospective observational
group study.

single-centre parallel

To minimise the impact of additional factors that
modify ovarian reserve, Caucasian women of reproductive
age (18-37 years inclusive) were included in the present
study. The study group included patients with a DM1
diagnosis verified for at least two years, and the reference
group included women without DM. Exclusion criteria
were previous pelvic surgery, chemotherapy, or radiation
therapy, the presence of ovarian tumours, polycystic ovary
syndrome (PCOS), endometriosis, a previous diagnosis of
infertility, menstrual irregularities, pregnancy, menopause,
intake of hormonal medications (with the exception of
insulin in the study group) at the time of enrolment and
within three months prior to enrolment, endocrine diseases
(with the exception of DM1 in the study group), cigarette
smoking at the time of enrolment or in the history, alcohol
abuse, drug addiction, or toxic substance addiction. All
participants referred to the information regarding the
study, received answers to any questions, and signed an
informed consent form to participate in the study.

The present study was conducted in a single centre:
the National Medical Research Centre of Endocrinology,
Moscow.

The duration of enrolment of female participants in
the study according to the plan was 10 months; each
participant was examined twice each month, on days
2-3 and 21-23 of the menstrual cycle. The study was
conducted during 2017.

All participants were examined according to a single
protocol, such as venous blood sampling in the fasting
state on days 2-3 and 21-23 of the menstrual cycle
to determine serum levels of AMH, inhibin B, FSH, LH
(lutenising hormone), estradiol, testosterone (on days
2-3 of the cycle) and progesterone (on days 21-23 of the
cycle) by enhanced luminescence; on day 2, the levels
of glycated haemoglobin (HbA1c) was also determined.
The age of menarche and the manifestation of DM1 (for
patients in the study group) were recorded in the Case
Report Form. On days 2-3 of the menstrual cycle, a
transvaginal ultrasound (US) examination was performed
usingaHewlett Packard Image Point supersonicapparatus
(USA) with a 3.5-MHz vaginal sensor, in accordance with
a conventional method, to estimate the volume of the
ovaries and the number of antral follicles.

PRIMARY STUDY OUTCOME
The primary parameters evaluated in the present

study were AMH levels and the cohort of antral follicles
on days 2-3 of the menstrual cycle.
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Table 1. Results of the examination of female DM1 patients (group A) and healthy women (group B)

Characteristics

Group A (n =224)

Group B (n =230) Reference range

Age, years 26.7+5.3
Age of menarche, years 13.4+0.8*
Single childbirth 53%
Repeated childbirth 21%
BMI, kg/m2 22.7+3.3
Waist circumference, cm 72.3+3.8
AMH, ng/mL 2.9+1.3%
Inhibin B, pg/mL 92.1+18.6
FSH, mMU/mL 54+2.6
LH, mMU/mL 8.7+3.4
Estradiol, pmol/L 176435
Testosterone, nmol/L 0.65+0.15
Progesterone, nmol/L 1.440.5
HbA1c, % 8.2+2.5*%
Ovarian volume, cm3 8.4+2.2
Number of antral follicles 16.4+7.2*

25.8+4.2 n/a
11.8+0.45 n/a
56% n/a
23% n/a
23.6+3.9 18-24.9
76+5.3 <80
4.7+1.5 1-12.6
100+£22.3 <273
5.8+2.3 1.37-9.9
9.2+3.8 1.68-15
204+42 68-1269
0.68+0.13 0.52-1.72
1.6+0.6 0.3-2.2
4.9+0.52* <6
8.2+14 <10
20.4+5.2* Min 3-10

Note: *p < 0.05 when comparing the parameter between DM1 patients and healthy women

Additional estimated parameters were the levels of
inhibin B, FSH, LH, estradiol and testosterone and the
volume of the ovaries on days 2-3 of the menstrual
cycle, the levels of progesterone on days 21-23 of the
menstrual cycle and the levels of HbA1c upon enrolment
in the study.

The patients were divided into two groups:
Group A (study)-DM1 patients;
Group B (reference)-healthy women without DM.

The levels of AMH, inhibin B, FSH, LH, estradiol,
testosterone and progesterone were determined
by the enhanced Iuminescence method. HbAIc
levels were determined by high-performance liquid
chromatography. To assess the volume of the ovaries and
the number of antral follicles, transvaginal ultrasound
(US) was performed using a Hewlett Packard Image
Point supersonic apparatus (USA) with a 3.5-MHz vaginal
sensor, in accordance with a conventional method. The
reference values were determined on the basis of data
from the local laboratory, and also taking into account
the 2015 recommendations of the American College of
Obstetricians and Gynecologists regarding the definition
of ovarian reserve [8] and the Rotterdam criteria of PCOS
(for determining the normal volume of the ovary) [9].

Principles of calculating the sample size: the sample
size was not preliminarily calculated.

Methods of statistical data analysis: Statistical
analysis was performed using the Statistica 6.0 software
package (StatSoftinc, USA). The normality of the
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distribution of characteristics was estimated using the
Shapiro—Wilk test. When describing normally distributed
variables, the mean and standard deviation (M + SD) are
indicated. The quantitative indicators were compared
between the two groups using the Mann-Whitney
test. Qualitative indicators are presented in the form
of an absolute number of observations. Differences are
considered statistically significant at p < 0.05. Using the
Spearman coefficient, the relationship force between the
variables (r) was estimated. For r <0.3, the relationship is
considered weak and insignificant; at r = 0.3-0.7, average
or moderate and at r >0.7, significant and strong.

The study protocol was approved at the meeting of
the Ethical Committee of the National Medical Research
Centre of Endocrinology on 19 October 2016 (Protocol
No. 12).

RESULTS

The study group included 224 women, and the
reference group included 230 women.

The results of the examination are presented in Table 1.

Due to the strict inclusion/exclusion criteria,
participants from both groups were comparable in age
and major factors affecting ovarian reserve. There were
no differences in parameters such as age, body mass
index, waist circumference, levels of FSH, LH, estradiol,
testosterone, progesterone, or inhibin B, or ovary volume.
Table 2 presents the parameters that were statistically
significantly different between DM1 patients and healthy
women.

Attention is drawn to the significant differences in such
parameters of ovarian reserve between DM1 patients and
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Table 2. Significant differences in parameters between DM1 patients (group A) and healthy women of reproductive age (group B)

Characteristics

Group A (n =224)

Group B (n =230)

Age of menarche, years
Number of antral follicles, n
HbA1c, %

AMH, ng/mL

13.4+0.8 11.8+0.45
16.4+7.2 20.4+5.2
8.2+2.5 4.9+0.52
29+13 4.7+15

healthy women, such as the level of AMH (2.9 £ 1.3 ng/mLin
DM1 patients versus 4.7 + 1.5 ng/mL in the group of healthy
women, p < 0.05) and cohorts of antral follicles (16.4 = 7.2
in DM1 patients versus 20.4 = 5.2 in healthy women). The
significant difference in the levels of HbA1c was expected
(8.2 £ 2.5% in DM1 patients versus 4.9 + 0.52% in healthy
women). Menarche in DM1 patients occurred significantly
later as compared with women without DM (13.4 = 0.8
years versus 11.8 + 0.45 years, p < 0.05).

When analysing the correlation between HbA1c levels
and the parameters of ovarian reserve, there was a strong
negative association with AMH levels (r=-0.92, p < 0.05)
and the number of antral follicles (r = -0.76, p < 0.05).
The levels of ovarian reserve markers, such as the size of
the ovaries and the levels of FSH, LH, inhibin B, estradiol
and progesterone, did not differ significantly.

When analysing the dependence of ovarian reserve
on the time of DM1 manifestation, interesting results
were obtained; in patients with DM1 manifestation
before puberty, the ovarian reserve estimated by the
levels of AMH was lower than that in patients with DM1
manifestation after puberty (Figure 1).

When analysing the subgroups of DM1 patients,
depending on the degree of disease compensation
(HbA1c levels), no relationship between the level of
diabetes control and ovarian reserve in a one-stage study
could be revealed (Figure 2).

During the study period, no adverse events were
recorded.

The state of reproductive health in DM1 patients
has been the subject of serious study in recent years. In
2016, the work of Yarde et al. [10] was published. These
researchers aimed to establish the relationship between
the factors of cardiovascular risk in DM1 patients and the
reductionin ovarianreserve as a parameter characterising
age-related ovarian changes. This cross-sectional case-

g DM1
% manifestation
' before puberty
£

= DM1
S manifestation
&  after puberty

00 05 10 1,5 20 25 3,0 3,5 40

AMH levels (ng/mL)

Fig. 1. Dependence of the levels of AMH (ng/mL) on the time of DM1
manifestation.
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control study included data analysis of 150 DM1 patients
(mean age 33.8 + 8.4 years) and 177 healthy women with
preserved reproductive function. Parameters such as the
cohort of antral follicles, lipid profile, plasma levels of
AMH, C-reactive protein, HbA1c, as well as systolic blood
pressure, blood flow-induced arterial dilatation, pulse-
wave velocity and thickness of the intima-media complex
were evaluated. The authors concluded that there were
no significant differences in the parameters of ovarian
reserve between DM1 patients and healthy women; a
negative correlation was found only between the values
of systolic blood pressure and the levels of AMH and the
number of antral follicles. In comparison with the present
study, the difference in methodology is notable, which is
retrospective with historical control.

In addition, in the present study, significantly younger
women participated in accordance with the inclusion
criteria. The prospective nature of our study enabled the
control of all known factors that affect ovarian reserve,
ensuring high comparability of groups with respect to
all parameters. Moreover, the sample size of the present
study is significantly larger, which increases the statistical
power of the study and the reliability of the findings. Thus,
the differences in the results obtained can be explained.
Nevertheless, the results of the study by Yarde et al. are
of great value for understanding the pathogenesis of
ovarian reserve reduction in DM1 patients. In the present
study, we did not compare the parameters of ovarian
reserve with the severity of risk factors for cardiovascular
diseases; only a correlation with the levels of HbA1c
was found. The absence of correlations between the
parameters of ovarian reserve and those of the lipid
profile and the characteristics of the vascular wall in the
study by Yarde et al. indicates the absence of at least a
direct causal relationship between a decrease in ovarian
reserve in DM1 patients and macrovascular lesions.

Soto et al. studied ovarian function in DM1 patients (n
= 66) as compared with healthy women (n = 58) younger
than 45 years of age. Among the DM1 patients, there
were more frequent cases of lowered AMH levels to those
typically seen in menopause, while in DM1 patients older
than 33 years of age, the levels of AMH were significantly

HbA, >8%

%

sHDA, 6,5-8%

(HbA1c)

HbA, <6,5%

Glycated haemoglobin

265 275 285 295 3,05

AMH levels (hg/mL)
Fig. 2. Dependence of AMH levels (ng/mL) on the HbA1c percentage in
DM1 patients. There were no statistically significant differences between
the patient subgroups.

3,15
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lower than in healthy women.The authors concluded that
the decrease in AMH levels in DM1 patients in the fourth
decade of life indicates an accelerated decrease in the
cohort of primordial follicles. These data are consistent
with the results obtained in the present study; even in
young women of reproductive age, the presence of DM1
led to a decrease in ovarian reserve (lower values of AMH
and cohort of antral follicles) [7].

Kim et al., in a study involving women aged 30-45 years
with preserved reproductive function, revealed that in DM1
patients, the log concentrations of AMH were significantly
lower as compared with women without DM (B-coefficient:
1.27, 95% confidence interval [ — 2.18, — 0.36]) [11].

Relatively recently, a study by Al Khafajia et al. [12]
analysed the parameters of ovarian reserve in 60 young
female DM1 patients and 80 healthy young women
(mean age: 24.87 + 8.47 years versus 25.91 + 8.29 years,
respectively). The authors revealed significantly lower
levels of AMH (2.82 £+ 1.27 ng/mL versus 3.79 + 1.91 ng/
mL) and higher levels of HbA1c (8.73 + 2.8% versus 4.82
+ 0.39%) in DM1 patients as compared with healthy
women (p < 0.00 for both comparisons). There was a
strong negative correlation between the levels of AMH
and the content of HbA1c (r=-0.931, p = 0.2). Thus, the
data reported by Al Khafajia is in accordance with the
results of the present study.

According to Codner et al., ovarian changes associated
with DM1 start prior to the onset of puberty [13]. The
study evaluated the hormonal status and pelvic organs
in girls with DM1 (n = 73) and healthy girls (n = 86). At
pre-pubertal age, in DM1 patients, the AMH levels were
significantly higher in comparison with healthy peers
(4.07 ng/mL versus 4.19 ng/mL, respectively); however,
during the pubertal period, a significant reduction in
AMH levels was observed in DM1 patients, which was
not noted in healthy girls (1.41 ng/mL versus 2.20 ng/mL,
respectively). Thus, by the onset of puberty, there were
more follicles in the ovaries of DM1 patients as compared
with healthy peers, which the authors attribute to the
influence of exogenous insulin as a growth factor. This
increase in the number of follicles increases the risk of
PCOS in DM1 patients. Accordingly, folliculogenesis in the
ovaries changes after reaching puberty, with an increase
in the levels of gonadotropins and a progressive decrease
in the AMH levels as compared with healthy girls.

Thus, the results of the present study, which show a
reduction in ovarian reserve in DM1 patients as compared
with healthy women of reproductive age, are consistent
with the results of most other studies in which ovarian
reserve was assessed in DM1 patients. The mechanisms
of ovarian reserve reduction in DM1 remain unclear.
These girls are born with a pool of follicles in the ovaries,
very few of which enter the maturation process when
puberty is reached, while the rest represent ‘resting’
follicles. Cells of granulosis are in close interaction with
surrounding cells, which is necessary for survival and
adequate maturation of the egg. In animal models of
induced diabetes, it has been shown that these cells are
damaged in hyperglycemia, the metabolic pathways are
altered, follicle maturation is impaired and apoptosis
is increased [14-17]. In addition, during physiological
ageing, the glycosylation of proteins is involved, which
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is significantly increased in diabetes. Accordingly,
Diamanti-Kandarakis et al. showed a significant increase
in the levels of advanced glycation end products, even in
the ovaries of healthy young women [18]. It is logical to
assume that the content of such toxic substances in the
ovaries of DM1 patients is increased to a greater extent,
which will negatively affect ovarian reserve. Finally,
a number of studies have revealed the association
of autoimmune diseases, including DM1, with the
development of premature ovarian insufficiency, which
is assumed to be associated with the involvement of
autoimmune mechanisms in the earlier reduction of
ovarian reserve in DM1 patients [19, 20].

In the Russian literature, it was possible to find single
publications on the evaluation of ovarian reserve in DM1
patients. A study by Tolopygina et al. evaluated ovarian
function in DM1 patients; an analysis of the examination
results of 180 female DM1 patients of reproductive age
showed that 62.2% had ovarian insufficiency. There was
a correlation between ovarian insufficiency (evaluation
criteria were the levels of FSH, LH, prolactin, estradiol,
total and free testosterone, progesterone in peripheral
blood and parameters of pelvic organ ultrasounds)
and the levels of glycemia and HbA1c and the dose of
insulin administered. There was no correlation between
the insufficiency of ovarian function and the severity of
microvascular diabetic complications or insulin therapy
regimens. In DM1 patients, there was an increase in
the ovarian volume and the number of antral follicles
as compared with those in healthy women. In these
patients, there was an increase in the levels of LH,
estradiol and free testosterone in the blood. The increase
in ovarian volume correlated with the presence and
severity of diabetic microvascular complications and
the dose of insulin administered. Autoimmune ovarian
lesions (assessed by the presence of antibodies against
ovarian tissue) in female DM1 patients were detected in
only 3.6% [21]. In our 2015 study, we showed that among
female DM2 patients aged 20-49 years, as compared with
the reference group, the levels of FSH were increased and
the total number of follicles was reduced [22].

In the present study, a formal calculation of sample
size was not performed, which is permissible within
noninterventional studies. Strict criteria for the selection
of participants in the present study reduced the
likelihood of effects of additional interfering factors, but
in actual clinical practice, dysmenorrhoea, hormonal
contraceptive intake, gynaecological surgeries in history
and obesity can significantly modify ovarianreserve.Thus,
extrapolation of the results to the general population of
DM1 patients of reproductive age is incorrect.

CONCLUSION

In the present study, a reduction in the parameters
of ovarian reserve in young DM1 patients was proven as
compared with healthy women of the same age (18-37
years). In combination with previously published data on
the violations of menstrual function associated with DM1
and the problems in planning pregnancy, the present
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results suggest information transfer to physicians and
female patients regarding the potential effect of diabetes
on reproductive function. Despite the preservation of
the parameters of ovarian reserve within the reference
range, taking into account their decrease in DM1 patients
in comparison with healthy women, it is reasonable to
recommend that such patients plan pregnancy at a
younger age.
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