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Abstract: This study was performed with an objective to study the relationship between obesity and AMH as a serum
marker of ovarian reserve in premenopausal women. We performed a cross-sectional comparative study of two age-
matched groups of late premenopausal participants: 50 participants (“non-obese”) had a BMI < 30 kg/m? and the other
50 participants (“obese”) had a BMI of 30 to 35 kg/m?. The obese women had a mean age of 42.7 years and the non-obese
women had a mean age of 43.1 years. Blood samples were collected from all participants and anthropometric
measurements were calculated. The blood samples were assayed for antimillerian hormone (AMH). The AMH level in
group A (Obese) was 1.2 + 0.2 ng/ml which was significantly lower as compared to group B (Non-Obese)1.7 + 0.5 ng/ml
(p< 0.01).BMI is also significantly correlated with serum AMH level ( r = - 0.531, p< 0.01). In conclusion, there was
significant difference in serum levels of AMH between obese and non-obese women indicating that obesity is likely to
affect ovarian reserve in the premenopausal age group.
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INTRODUCTION

Anti-Millerian hormone also known as AMH is a
protein that in humans is encoded by the AMH gene
[1]. It inhibits the development of the Millerian ducts
(paramesonephric ducts) in the male embryo [2]. It has
also been called Mullerian inhibiting factor (MIF),
Mullerian inhibiting hormone (MIH), and Miillerian-
inhibiting substance (MIS). It is named after Johannes
Peter Muller.

AMH is a protein hormone structurally related to
inhibin and activin and is a member of the transforming
growth factor-pB (TGF-B) family. It is a homodimeric
glycoprotein linked by disulfide bonds and a molecular
weight of 140kDa [3].

In healthy females AMH is either just detectable or
undetectable in cord blood at birth and then shows a
marked rise by three months of age; while still
detectable it falls until four years of age before rising
linearly until eight years of age remaining fairly
constant from mid-childhood to early adulthood - it
does not change significantly during puberty; from 25
years of age AMH declines to undetectable levels at
menopause [4].

AMH is expressed by granulosa cells of the ovary
during the reproductive years and controls the
formation of primary follicles by inhibiting excessive
follicular  recruitment by Follicular  Stimulating
Hormone (FSH). Therefore it has a role in
folliculogenesis and some authorities suggest it is a
measure of certain aspects of ovarian function, useful in
assessing conditions such as polycystic ovary syndrome
and premature ovarian failure [5-7].

In a global survey it was found that more than 30%
of women in the group aged 25 to 44 years are
overweight (BMI 25 to 30 kg/m?), and 20% are obese
[8].

Obese women have increased incidence of conditions
such as diabetes mellitus, hypertension, cardiovascular
disease, pancreatitis, and musculoskeletal diseases and
also obese women are more likely to havereproductive
problems [9].

Obese women are known to be at higher risk of
menstrual dysfunction and an ovulation, possibly due to
altered secretion of pulsatile gonadotropin releasing
hormone (GnRH) [10]. Obese women those having
regular menstrual cycles also found to have reduced
fecundity [11].
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The term “ovarian reserve” refers to the quantity and
quality of a woman’s current reservoir of oocytes. It is
closely associated with reproductive potential and can
be used to determine woman’s reproductive age
indirectly [12].

In women who are undergoing assisted reproductive
technology and are obese or overweight has been
associated with a need for higher doses of
gonadotropins, increased cycle cancellation rates, and
fewer oocytes retrieved than in women of normal
weight [13]. Lower rates of pregnancy and live birth
have also been reported in these women with higher
miscarriage rates [13, 14]. However, other studies have
not found any negative effect of obesity on assisted
reproductive technology (ART) out-come [15, 16].

Various tests have been performed over the last
twenty years for assessing ovarian reserve and to
determine follicle number and quality and also to
predict the outcome of assisted reproduction procedures
[17].

The earliest and most useful parameters used for
evaluation of ovarian reserve include woman’s age and
assays of serum FSH in the early follicular phase [18,
19]. For evaluation of ovarian reserve, including
ovarian volume various ultra-sound parameters are also
used [20, 21] and the antral follicle count, with varying
degrees of reliability [22, 23].

Recently, serum antimillerian hormone levels have
been introduced as a novel measure of ovarian reserve.
La Marca et al. showed that serum AMH levels, unlike
other ovarian reserve tests, do not change significantly
throughout the menstrual cycle [24]. Other studies have
also confirmed that the intercycle and intracycle
variability of serum AMH levels is very low enough, to
allow random timing of AMH measurement during the
menstrual cycle. Hence, it has been suggested that
serum AMH values are more convenient and more
effective than other serum ovarian reserve tests like
FSH and inhibin B or estradiol [6].

AMH is a product of the granulosa cells in preantral
and antral follicles [25]. Serum AMH levels decline
with age and are correlated with the number of
antralfollicles and the ovarian response to
hyperstimulation [26, 27]. Few studies have evaluated
the effect of obesity on ovarian reserve. Some studies
have identified lower serum AMH levels inobese
women than in non-obese women [28, 29].

We conducted the present study to examine the effect
of obesity on ovarian reserve in women in the late
reproductive age group. We assessed the effect of
obesity on serum marker AMH for determining ovarian
reserve.

MATERIALS AND METHODS

This study was conducted in the Department of
Obstetrics and Gynecology, PGIMS Rohtak between
June 2013 and June 2014. All participating women gave
written informed consent before beginning the study.
We included 50 participants with a BMI of 30 to 35
kg/m? (group A, obese women) and 50 age-matched
participants with BMI < 30 kg/m? (group B, non-obese
women) serving as control group.

All the women were in the early transition phase of
the late premenopausal state. According to the staging
system for reproductive aging in women, this phase is
characterized by regular menstrual cycles of between 22
and 35 days, with variability in cycle length 7 days in
either direction compared with patient’s baseline and
observed for at least two cycles [30].

To meet the inclusion criteria women had to be in the
late premenopausal stage with an intact uterus and
ovaries and to have had regular menstrual cycles for the
previous three months.

Exclusion criteria were current use of hormones or
drugs that may affect ovarian function, smoking,
pregnancy, lactation, hysterectomy, previous ovarian
surgery, clinical or ultrasound criteria suggesting
polycystic ovarian syndrome or endometriosis, or any
medical condition that might affect ovarian function.

All participating women underwent a comprehensive
history and thorough physical examination and
calculation of BMI, assays of AMH. For calculation of
BMI, height and weight were measured using the same
scale for all participants. Blood samples were
withdrawn from the antecubital vein on cycle day 2, 3,
4, or 5 of the menstrual cycle in all women. All samples
were centrifuged at 2000 g for 15 minutes. Serum was
separated and stored at —20 °C until assayed.

Serum levels of AMH were determined by a The
Ultra Sensitive Anti-Mullerian hormone/ Mullerian
inhibiting substance (US AMH/MIS) enzyme linked
immunuosorbent assay (ELISA).

RESULTS

The 50 women in group A (obese women) had a
mean BMI of 32.5+ 1.2 kg/m? with a range of 30.4 to
34.6 kg/m?, and thenon-obese women had a mean BMI
of 25.5 + 2.2 kg/m?, with a range of 22.1 to 29.2 kg/m®.
The mean age in the obese group was 42.7 years with a
range of 37 to 45 years. The mean age in the non-obese
group was 43.1 years with a range of 37 to 45 years.
The mean BMI in the obese group (32.5 + 1.2 kg/m?)
was significantly higher than that of the non-obese
group (25.5 * 2.2 kg/m?) (P< 0.01). There was no
significant difference between the two groups regarding
age.
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The AMH level in group A was 1.2 + 0.2 ng/ml which
was significantly lower as compared to group B 1.7 +
0.5ng/ml (p< 0.01). These data are shown in the table 1.

BMI is also significantly correlated with serum
AMH level (r= - 0.531, p< 0.01). Fig. 1 demonstrates
the correlation between serum AMH and BMI.

Table 1: BMI and AMH Levels

Parameter Group A Group B
Age 50 50
BMI (kg/m°) 325+1.2 255+2.2
AMH (ng/ml) 1.2+0.2 1.7+05
AMH (nafmi)
O Dbmerved
350 — Lirsar
=] L= ]
3,00
= (=]

250 o o

BMI (kgim2)

Fig. 1: Correlation between serum AMH and BMI

DISCUSSION

During the menopausal transition changes has been
reported in the body fat and its distribution but the
health-related implications for these body composition
changes are ill-defined [31]. It remains to be determined
if the change in body fat will affect the endocrine milieu
of women in the late reproductive age.

Our study was designed to explore the effect of
obesity on serum AMH (which denotes a marker of
ovarian reserve) in late reproductive age women,
because of a possible effect of obesity on
folliculogenesis [32, 33]. Several studies have
suggested a negative effect of obesity on parameters of
ovarian reserve.

Other investigators reported lower levels of AMH in
obese women compared with normal weight women in
the late reproductive age [28, 29].

Our results showed significant difference in serum
levels of AMH between obese and non-obese women.
There was a significant correlation between BMI and
serum AMH level. Accordingly, we are suggesting that

obesity may have effect on ovarian reserve in late
reproductive age women. The fact that our results
showed effect of obesity on serum AMH levels, is
similar to many other studies [29].

Our study group of obese women was limited to
women with a BMI between 30 and 35 kg/m? We did
not include morbidly obese patients because we thought
that this specific group of women may have a different
endocrine profile that may not apply to women with
lesser obesity.

Our study showed a significant effect of obesity on
AMH (a marker of ovarian reserve), which has been
suggested by other investigators who have also reported
lower levels of AMH in obese women compared with
normal weight women in the late reproductive age [29].

Freeman et al. recently provided Effect of Obesity on
Parameters of Ovarian Reserve in Premenopausal
Women 28 and suggested a negative effect of obesity
on AMH levels. In a study of women with polycystic
ovary syndrome by Pigny et al. [34], the AMH levels
were lower in obese than non-obese women, though not
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statistically significant. These data may support our
findings. However, these studies documented that
obesity had no effect on ovarian follicle count. They
suggested that lower levels of AMH in obese late
reproductive age women result from physiologic
processes other than decreased ovarian reserve [28, 29,
33].

In addition to these, several studies have suggested a
negative effect of obesity on other than serum AMH.
De Pergola et al. suggested that overweight and obese
fertile women, in comparison with women of normal
weight have lower serum levels of FSH, LH, inhibin B
and estradiol in the early follicular phase [33]. This may
support lower level of AMH in obese women.

CONCLUSION

We conclude that there is a significant decrease in
serum AMH level with increase in BMI in late
premenopausal women. Serum AMH levels correlated
negatively with BMI. AMH being a marker of ovarian
reserve and BMI being a marker of obesity, our study
shows, there exists a significant effect of obesity on
ovarian reserve among premenopausal women.
However, this should be verified by larger studies with
clear distinctions between normal, overweight, obese,
and morbidly obese women, and between groups of
different age and menopausal status.

REFERENCES

1. Cate RL, Mattaliano RJ, Hession C, Tizard R,
Farber NM, Cheung A et al.; Isolation of the
bovine and human genes for Millerian inhibiting
substance and expression of the human gene in
animal cells. Cell, 1986; 45(5): 685-698.

2. Behringer RR; The in vivo roles of
millerianinhibiting substance. Curr Top Dev Biol.,
1994; 29: 171-187.

3. Imbeaud S, Faure E, Lamarre I, Mattéi MG, di
Clemente N, Tizard R et al.; Insensitivity to anti-
mullerian hormone due to a mutation in the human
anti-mdallerian hormone receptor. Nat Genet., 1995;
11(4): 382-388.

4. Kelsey TW, Wright P, Nelson SM,Anderson RA,
Wallace WHB; A validated model of serum anti-
Muillerian hormone from conception to menopause.
PL0S ONE, 2011; 6(7): €22024.

5. Weenen C, Laven J, Cranfield M, Groome N,
Visser J, Kramer P et al.; Anti-Millerian hormone
expression pattern in the human ovary: potential
implications for initial and cyclic follicle
recruitment. Mol Hum Reprod., 2004; 10(2): 77—
83.

6. Broer SL, Eijkemans MJC, Scheffer GJ, de Vet A,
Themmen APN, Laven JSE et al.; Anti-millerian
hormone predicts menopause: a long-term follow-
up study in normoovulatory women. J Clin
Endocrinol Metab., 2011; 96(8): 2532-2539.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Visser JA, de Jong FH, Laven JSE, Themmen
APN; Anti-Millerian hormone: a new marker for
ovarian function. Reprod., 2006; 131(1): 1-9.
Prentice A; The emerging epidemic of obesity in
developing countries. Int J Epidemiol., 2006; 35(1):
93-99.

Clark AM, Thornley B, Tomlinson L, Galletley C,
Norman RJ; Weight lossin obese infertile women
results in improvement in reproductive outcomefor
all forms of fertility treatment. Hum Reprod.,
1998;13(6):1502-1505.

Clark AM, Ledger W, Galletley C, Tomlinson L,
Blaney F, Wang X et al.; Weight loss results in
significant improvement in pregnancy and
ovulationrates in anovulatory obese women. Hum
Reprod., 1995;10(10): 2705-2712.

Gesink Law D, Maclehose R, Longnecker M,;
Obesity and time to pregnancy. Hum Reprod.,
2007; 22(2): 414-420.

Gupta S, Sharma D, Surti N, Kesavan S, Khanna P,
Agarwal A; Ovarian reserve testing: systematic
review of the literature. Arch Med Sci., 2009;
5(1A): S143-S150.

Fedorcsak P, Dale PO, Storeng R, Ertzeid G,
Bjercke S, Oldereid N et al.; Impact of overweight
and underweight on assisted reproduction
treatment. Hum Reprod., 2004;19(11): 2523-2528.
Wang JX, Davies M, Norman RJ; Body mass and
probability —of pregnancy during assisted
reproduction treatment: retrospective study. BMJ,
2000; 321(7272):1320-1321.

Dechaud H, Anahory T, Reyftmann L, Loup V,
Hamamah S, Hedon B; Obesity does not adversely
affect results in patients who are undergoing invitro
fertilization and embryo transfer. Euro J Obstet
Gynecol Reprod Biol., 2006; 127(1): 88-93.
Martinuzzi K, Ryan S, Luna M, Copperman AB;
Elevated BMI does not adversely affect IVF
outcome in young women. J Assist Reprod Genet.,
2008; 25(5):169-175.

Broekmans FJ, Kwee J, Hendriks DJ, Mol BW,
Lambalk CB; A systematic review of tests
predicting ovarian reserve and IVF outcome. Hum
Reprod., 2006;12(6): 685-718.

Tan SL, Royston P, Campbell S, Jacobs HS, Betts
J, Mason B; Cumulative conception and live birth
rates after in vitro fertilization. Lancet, 1992;
339(8806): 1390-1394.

Toner JP, Philput CB, Jones JS, Mushaer SJ; Basal
follicle stimulating hormone is a better predictor of
in vitro fertilization than age. Fertil Steril., 1991;
55(4): 784-791.

Lass A, Skull J, McVeigh E, Margara R, Winston
RM; Measurement of ovarian volume by
transvaginal ultrasound before ovulation induction
with HMG for IVF can predict poor response. Hum
Reprod., 1997; 12(2): 294-297.

Syrop CH, Willhoite A, Van Voorhis BJ; Ovarian
volume: a novel outcome predictor of assisted
reproduction. Fertil Steril., 1995; 64(6): 1167-71.

1117



Yuthika Agrawal et al., Sch. J. App. Med. Sci., 2014; 2(3D):1114-1118

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Nahum R, Shifren JL, Chang YC, Leykin L,
Isaacoson K, Toth T; Antral follicle assessment as
a tool for predicting outcome in IVF. Is it a better
predictor than age and FSH? J Assist Reprod
Genet., 2001;18(3):151-155.

Bancsi LF, Broekmans FJ, Eijkemans MJ, de Jong
FH, Habbema JD, teVelde ER; Predictors of poor
ovarian response in IVF: a prospective study
comparing basal markers of ovarian reserve. Fertil
Steril., 2002; 77(2): 328-336.

La Marca A, Stabile G, Artenisio AC, Volpe A;
Serum anti-Millerian hormone throughout the
human menstrual cycle. Hum Reprod., 2006;
21(12): 3103-3107.

Durlinger AL, Visser JA, Themmen AP;
Regulation of ovarian function:the role of anti-
mullerian hormone. Reprod., 2002;124(5): 601-
609.

de Vet A, Laven JSE, de Jong FH, Themmen APN,
Fauser BCJM; Antimillerian hormone serum
levels: a putative marker for ovarian aging. Fertil
Steril., 2002; 77(2): 357-362.

Seifer DB, Mac Laughlin DT, Christian BP, Feng
B, Shelden RM; Early follicular serum mullerian-
inhibiting substance levels are associated with
ovarian response during assisted reproductive
technology cycles. Fertil Steril., 2002; 77(3): 468—
471.

Freeman EW, Gracia CR, Sammel MD, Lin H, Lim
LC, Strauss JF 3"; Association of AMH levels with
obesity in late reproductive age women. Fertil
Steril., 2007; 87(1): 101-106.

Su HI, Sammel MD, Freeman EW, Lin H,
DeBlasis T, Gracia CR; Body size affects measures
of ovarian reserve in late reproductive age women.
Menopause, 2008; 15(5): 857-861.

Gracia CR, Sammel MD, Freeman EW, Lin H,
Langan E, Kapoor S et al.; Defining menopause
status: creation of a new definition toidentify the
early changes of the menopausal transition.
Menopause, 2005; 12(2): 128-135.

Sowers M, Zheng H, Tomey K, Karvonen-
Gutierrez C, Jannausch M, Li X et al.; Changes in
body composition in women over six years at
midlife: ovarian and chronological aging. J Clin
Endocrinol Metab., 2007; 92(3): 895-901.

Biitzow TL, Lehtovirta M, Siegberg R, Hovatta O,
Koistinen R, Seppédla M et al.; The decrease in
luteinizing hormone secretion in response to weight
reduction is inversely related to the severity of
insulin resistance inoverweight women. J Clin
Endocrinol Metab., 2000; 85(9): 3271-3275.

De Pergola G, Maldera S, Tartagni M, Pannacciulli
N, Loverro G, Giorgino R; Inhibitory effect of
obesity on gonadotropin, estradiol, and inhibin B
levels in fertile women. Obesity (Silver Spring),
2006; 14(11): 1954-1960.

Pigny P, Merlen E, Robert Y, Cortet-Rudelli C,
Decanter C, Jonard S et al.; Elevated serum level of
anti-mullerian ~ hormone in  patients  with

polycysticovary syndrome: relationship to the
ovarian follicle excess and to the follicular arrest. J
Clin Endocrinol Metab., 2003; 88(12): 5957-5962.

1118



