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ABSTRACT

Objective: To determine the correlation of serum dehydroepiandrosterone sulphate and anti-mullerian hormone levels with infer-
tility in females.

Study Design: Cross-sectional study.

Place and Duration of the Study: Department of Chemical Pathology, the Armed Forces Institute of Pathology, Rawalpindi,
Pakistan, from July 2022 to August 2023.

Methodology: About 110 infertile females with infertility were enrolled in this study. Serum thyroid-stimulating hormone, lutein-
ising hormone, testosterone, follicle-stimulating hormone (FSH), estradiol, serum Anti-Mullerian Hormone (AMH), and Dehy-
droepiandrosterone Sulphate (DHEA-S) were measured at 3™ menstruation day. Females with primary ovarian insufficiency, using
androgen supplementation, and on hormonal therapy were excluded.

Results: Among the participants, 63.6% had primary infertility and 36.4% had secondary infertility. Both primary and secondary
infertility had a positive correlation with serum AMH and DHEA-S levels (r = 0.685; p <0.001) and (r = 0.807; p <0.001), respec-
tively. After ultrasound, 54 (49.1%) females were normal, 12 (10.9%) had PCOS, 12 (10.9%) had fibroids, 8 (7.3%) had fallopian
tube defects, 10 (9.1%) had endometriosis, and 14 (12.7%) had low antral follicular count. The correlation between serum AMH
and DHEA-S with different subgroups is as follows: Normal females (r = 0.731; p <0.001), PCOs (r = -0.232; p = 0.468), fibroids
(r=10.941, p <0.001), fallopian tube defects (r =-0.800; p = 0.017), endometriosis (r = -0.684, p = 0.013), and low antral follicular

count (r = 0.643, p = 0.0130).

Conclusion: This study demonstrated a positive correlation between serum AMH and DHEA-S levels in infertile females.
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INTRODUCTION

Infertility is defined as the inability to conceive subsequent
to one year or more of continuous unprotected sexual activity."
Primary infertility delineates ascenariowhereanindividual has
never attained pregnancy, while secondary infertility denotes
instances where a minimum of one antecedent pregnancy has
been achieved.” About 8-12% of couples in their reproductive
periods have been reported to be affected by infertility all over
theworld.?

Approximately eight weeks after conception, the developing
human foetus possesses a pair of ducts known as the Wolffian
andMullerianducts.’
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When the foetus carries male genetic material (XY chromo-
somes), the embryonic testes produce a substance called Anti-
Mullerian Hormone (AMH).> AMH inhibits the initial follicle
recruitment and is primarily synthesised by the granulosa cells
of early follicles. Its secretion starts with follicle differentiation,
declines during the antral stage, and diminishes further during
dominant follicle selection stimulated by follicle-stimulating
hormone (FSH). AMH prevents early follicular development; its
absence accelerates primordial follicle recruitment, depleting
the pool prematurely.® AMH correlates positively with growing
follicles, acting as a surrogate marker for ovarian reserve,
crucial in predicting infertility treatment success.” On the other
hand, age and serum AMH levels are negatively correlated in
females. Serum AMH levels start to progressively decline
beyondthe age of 25, reaching undetectable levels after meno-
pause. Given that serum AMH levels decline annually with age,
itislikely thattheselevels might be used to estimate awoman's
natural fecundability.®

Dehydroepiandrosterone (DHEA), an endogenous steroid
hormone having 19 carbons, is spontaneously produced in the
body via the the cholesterol to pregnenolone pathway. The
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adrenalglandzonareticularisisthe primary source of DHEAand
is converted by the enzyme sulphotransferase into dehy-
droepiandrosterone sulphate (DHEA-S), sulfate conjugate of
DHEA. Both DHEA and DHEA-S are the most prevalent steroid
hormonesinthe humanbody, and both decrease gradually with
age. Production of DHEA-S rises during adrenarche (ages 6-10),
peaking at 20, starts declining after 25, and is minimal by 70.°
DHEA-S functions as a precursor to androgens and estrogens
and is readily hydrolyzed back to DHEA in peripheral tissue
targets by an enzyme, sulphatase. In ovaries, it boosts intrafol-
licular androgens, elevating AMH expression, and possibly
enhancing ovarian reserve and follicular development.
Elevated levels of AMH and serum testosterone have been
foundto be linked with oral DHEA administration.*°

With the aforementioned data in consideration, it was hypothe-
sisedthatserum AMH and DHEA-S levelshaveakey roleininfer-
tility in females. The correlation between serum DHEA-S and
serum AMH levels and their effect on fertility remained contro-
versial because of the lack of strong evidence to substantiate it.
Hence, the present study was carried out on infertile women to
determine the association between serum AMH and DHEA-S
levelsandinfertility.

METHODOLOGY

This observational cross-sectional research was carried out at
the Armed Forces Institute of Pathology, Rawalpindi, Pakistan,
from July 2022 to Aug 2023. This study was approved by the
Institutional Review Board (IRB), at the Armed Forces Institute
of Pathology, Rawalpindi, Pakistan (Number: FC-CHP22-14/5
READ-IRB/23/1629, Dated: 28-Feb-2023).

One hundred and ten females of age 19-48 years were
employed in this research. The sample size was calculated
using the WHO calculator by keeping a confidence interval of
95%, a margin of error of 5, 7% prevalence of infertility in the
Pakistani female population,* and it came out to be 101. After
providing a detailed explanation of the procedure, written and
verbal informed consent was taken from every individual for
their inclusion in the research. Record forms for each patient
were prepared in advance and contained details such as the
patient's age, biochemical details, and ultrasound findings. A
non-probability and convenient sampling technique was used
fordata collection.

This investigation employed females, aged 19-48 years who
were unable to conceive and referred to the endocrinology
clinic at the Armed Forces Institute of Pathology for infertility
work-up. All the females with primary ovarian insufficiency,
the ones who were receiving hormonal therapy for the past six
months, and those who were taking androgen supplementa-
tion were excluded. Patients with incomplete or inconsistent
datainthe patientdatabase were also excluded.

After the informed consent was taken, 3mL blood samples
were collected in serum separator tubes by phlebotomist from
all the participants. These samples were then centrifuged at

3500 RPM for three minutes at room temperature. Serum was
separated by centrifugation and samples were keptin aliquots
at -20°C with proper tagging. After collection of all the
samples, they were thawed to room temperature and wererun
in a batch with controls to minimise intralab variability and to
maintain quality assurance. Serum levels of AMH and DHEA-S
were analysed using the Chemiluminescence on Maglumi 800
and Immulite 1000 instruments, respectively.

Serum levels including thyroid-stimulating hormone (TSH),
FSH, estradiol, luteinising hormone (LH), and testosterone and
ultrasound were already available in clinical record. Detailed
history and radiological findings were obtained from all the
participants. Blood samples were specifically obtained fromall
subjects on the third menstruation day between 08: 00 and 09:
00 in the morning. In the follicular stage, the reference
values were: TSH, 0.35-4.94 ulU/mL; FSH, 4-13 mIU/mL; Estra-
diol, 39-189 pg/mL; DHEA-S, 35.0-430.0 pg/dL, and LH, 1-18
mIU/mL. Maglumi 1800 was used to test AMH levels. The
lowest detected limit of AMH was 0.02 ng/mL. The normal
ranges for AMH in the mentioned age groups are as follows:
0-19 years: 0.53-12.86 ng/ml, 19-29 years: 1.23-11.10, 29-39
years: 0.66-8.34,39-54 years: 0.26-5.81, >54 years: <0.81.

Serum AMH levels <1.2 ng/mL, as determined by the
POSEIDON criteria, were termed diminished ovarian reserve
(DOR) in this investigation.” AMH values 5.0 ng/mL, which
were derived from the updated Rotterdam criteria were clas-
sified as excess ovarian reserve (EOR).” Immulite 1,000 was
used to test serum DHEA-S, and the reference ranges for
differentage groups are asfollows: 18-30 years: 45-380 ug/dl,
31-50vyears: 12-379ug/dl,and 12-17 years: 20-535 ug/dl.

The Statistical Package for Social Sciences (SPSS) version
22.00 was used to analyse the data. The Shapiro-Wilk's test
was used to determine the normality of the data. Quantitative
data (age) were represented using mean with standard devia-
tion while the median (IQR) was calculated for non-normally
distributed variable serum AHM and DHEA-S. Frequency and
percentages were calculated for categorical variables. Spear-
man’s correlation coefficient was determined for statistical
significance atp-value of <0.05.

RESULTS

Atotal of 110 females were employed in the currentinvestiga-
tion. The age of subjects was between 19-48 years withamean
age of 32.27 + 7.15 years. Of the total, 40 (36.4%) and 70
(63.6%) of the females developed primary and secondary
infertility, respectively. The median of serum DHEA-S was
86.20(17.00 - 349.00) and serum AMH was 1.40 (0.30 - 6.90)
and the correlation was r = 0.712 with significant p <0.001,
Figure 1. Femaleswith primary infertility had a positive correla-
tion between serum DHEA-S and serum AMH (r = 0.685; p
<0.001) and females with secondary infertility also had a posi-
tive association between serum DHEA-S and serum AMH (r =
0.807;p<0.001),asshowninFigure 2.
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Table I: Relationship between the mean and standard deviation of blood
serumDHEA-Sand AMHindifferentvariables.
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Figurel: CorrelationbetweenserumDHEA-SandserumAMH (n=110).
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Figure 2: Correlation between serum DHEA-S and serum AMH. (A) In
primaryinfertility (n=70). (B) Insecondaryinfertility (n=40).
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Figure 3: Correlation between serum DHEA-S and serum. (A) In normal
females (n = 54). (B) In patients with PCOS (n = 12). (C) In patients with
fibroids (n = 12). (D) In patients with fallopian tube defects (n = 08). (E) In
patients with endometriosis (n = 10). (F) In patients with low antral follic-
ularcount(n=14).

Variables Serum DHEA-S Serum AMH p-value
(spearman's
Rho test)

Normal ultrasound 144.87 = 159.817 3.43 £ 4.0635

PCOS 625.62 + 48.669 30.28 +12.631 <0.001

Fibroid 165.92 = 161.673 1.75 £ 1.503

Fallopian tube defect 130.40 + 136.804 5.33 £ 1.493

Endometriosis 336.82 £ 55.516 0.46 + 0.4155

Low antral follicular 13.97 + 3.247 0.41 = 0.4476

count

However, after the ultrasound, 54 (49.1%) females were
normal, 12 (10.9%) had PCOS, 12 (10.9%) had fibroids, 8 (7.3%)
had fallopiantube defects, 10(9.1%) had endometriosis, and 14
(12.7%) had low antral follicular count. The correlation between
serum AMH and DHEA-S of normal females was (r = 0.731; p
<0.001), PCOS was (r=-0.232; p = 0.468), fibroid (r=0.941, p
<0.001), fallopian tube defects (r = -0.800; p = 0.017),
endometriosis (r =-0.684, p = 0.013), and low antral follicular
count(r=0.643,p=0.0130) (Figure 3).

Table | shows the correlation between the mean and standard
deviation ofblood serum DHEA-S and AMH in different subjects.

DISCUSSION

Conducted under controlled conditions with rigorous method-
ology and strictexclusion criteria, this study enhances therelia-
bility and validity of the results. It provides valuableinsightsinto
reproductive endocrinology by elucidating the interplay
between serum DEHA-S and AMH in female infertility. The
findings suggested a significant positive correlation between
higher serum AMH and DHEA-S levels in infertile women, even
after accounting for potential confounding variables. These
results contribute to the understanding of hormonal dynamics
and may have implications for diagnosing and managing
female infertility.

DHEA acts as an intermediary in synthesising androgens and
estrogens. Recent research indicated that the serum testos-
terone levels influence fertility by aiding follicle formation,
which is crucial for ovulation.’* A meta-analysis by Li et al.
showed that the administration of DHEA was found to signifi-
cantly increase testosterone levels, especially in normal young
women who received high levels of DHEA dosages (>50
mg/day) and had an intervention time of fewer than 12 weeks.
Thisinvestigation continually demonstrated a positive relation-
shipamongserum DHEA-S and T-levels quartile group.”

Astudy by Lin et al. showed comparable results to the current
investigation."*Reportedinvestigation showed a positive asso-
ciation between blood AMH and serum testosterone amounts,
suggesting that the lack of androgens may be an indicator of
risk for DOR and that excess androgens may induce EOR in
females with infertility. Individuals were divided into 4 quartile
classes (Ql to Q4) based on blood testosterone levels.
Patients categorised in the low class T quartile (Q1) had subs-
tantially lower serum AMH amounts than the ones in the upper
T quartile categories (Q4). AMH levels were shown to be
rising in the higher T quartile groups following adjustments -
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for body mass index, body weight, age, and FSH. Binary
logistic regression analysis revealed thatthe chance of therisk
of DOR was 11.44 times more in Q1 than in Q4, and the proba-
bility of the potential for EOR was 10.41 times largerin Q4 than
in Q1. Similarly, Dewailly et al. also postulated that andro-
gens promote the synthesis of AMH by enhancing the effect of
FSH.Y

Moreover, Hu et al. presented another investigation showing
comparable results to the current study." According to the
study, before ovulation, androgen receptor (AR) function in
granulosa cells can be elevated by DHEA supplementation.
Androgens enhance the activity of the FSH receptor by the AR,
which in turn causes FSH-mediated follicle development and
stimulates the growth of granulosa cells. After FSH-mediated
granulosa cell development, there was a surgein AMH release.
Similar to the current study, this one also revealed a positive
relationship between serum DHEAand serum AMH. "™

Xie etal. published an analysis of 24 RCTs (randomised control
trials) with 1,429 individuals.”® This study suggested that
increasing the amount of DHEA in supplements may increase
the synthesis of AMH, most likely by raising levels of IGF-1 and
serum testosterone. The findings of the current study were
somewhat supported by this research. It showed that adminis-
tering DHEA significantly raised blood levels of insulin-like
growth factor-1 (IGF-1). According to this study, IGF-1 may also
promote follicle development triggered by FSH and granulosa
cell differentiation. Moreover, ithas been shown that IGF-1 can
stimulate the activation of primordial follicles. The ovarian re-
serve had also been found to be correlated with the levels of
IGF-1 in follicular fluid, which shows a significant association
with serum IGF-| levels. To validate the association between
serum AMH and DHEA-S levels and to investigate the potential
pathophysiological processes behind this association, further
investigation wasstill required.*

Gleicheretal.included 120 women with DORin a retrospective
longitudinal and cross-sectional investigation and observed
that AMH levels showed a substantial rise over time with the
administration of DHEA.” This effect was especially notice-
able in females under a certain age of 38 years, and these
results were in coherence with the present study.” Yilmazetal.
conducted a similar prospective research that demonstrateda
significantincrease in serum AMH levels (0.32 + 0.29 vs. 0.75
+ 0.70 ng/mL) prior to and following the DHEA treatment
among 41 femaleswith DOR.”

Moreover, Zhang et al.”? in their meta analysis reported

results that were concurrent with the current study. Pooled
analysis of all study types demonstrated a significantincrease
in AMH levels with Weighted Mean Difference 0.34 (95% Cl:
0.17 to 0.51, P<0.001) in the DHEA treatment groups
compared to the control groups. However, when analyzing
datafromfive RCTs separately, the pooled results did not show
a statistically significant increase in AMH levels Weighted
Mean Difference 0.1(95%Cl:-0.14t00.34,P=0.416).”

However, some studies had also shown that serum AMH levels
are not affected following DHEA administration. Yeung et al.
carried out a pilot randomised controlled investigation with 32
PORs and concluded that there had been no statistically subs-
tantial variations in ovarian reserve markers (AFC, AMH, or
betweenthe DHEA and placebo groups of patients.”

This study has major limitations due to its cross-sectional de-
sign which did not allow for the determination of a causal asso-
ciation; longitudinal studies would be a more appropriate
method for this kind of research. Thus, further long-term
researchisrequiredtovalidatethe correlation.

Because only infertile females were employed in the current
investigation, thefindingsmightnotapply tothe widercommu-
nity. As all of the participants in the present research were
Pakistani, the relationship between ethnicity and serum AMH
level was not examined. The usual infertility survey in this
research did not analyse serum sex hormone-binding globulin
(SHBG) and free serumtestosteronelevels.

CONCLUSION

This study showed that serum AMH and DHEA-S levels of
infertile females were positively correlated. DHEA-S supple-
mentation may be considered in treatment options before
opting for expensive and invasive procedures of assisted-
reproductivetechnologies(e.qg., IVF). Furtherlong-termlongitu-
dinal researches are still required to validate the current
study's findings.
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