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Abstract:

The purpose of this study was to determine the relationship of plasma
dehydroepiandrosterone (DHEA) and its metabolite (DHEA-S) to the menstrual cycle
hormones in obese and non-obese Saudi women. Socty-five healthy  volunteers
between 19-39 years of age with regular menstrual cycle and proven fertility were
recrutted from King Abdul-Aziz University, {Jeddah, KEA)Y. The women were
grouped into obese (n=26) and non-obese (n=39) groups according to their BML
Blood samples were collected after an overnight fast during days 3, 10, 17, and 24 of
the menstrual cycle from all volunteers. Anthropometrics measurements were
recorded and DHEA, DHEA-S, progesterone, estradiol, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) levels were measured.

No significant differences were found on comparing the levels of DHEA
between the obese and non-obese women. The analysis also revealed no stigmficant
correlation between the level of DHEA and BMI in both groups. In obese and non-

obese groups, DHEA Jevels were highly significantly correlated to progesterone at

correlation with sex hormones. The results suggest a close functional relationship



between plasma DHEA and serum progesterone, FSH, and LI which may indicate a

regulatory role of DHEA towards menstrual cycle hormones.



Introduction:

Dehydroepiandrosterone (DHEA) was isolated from urine in 1934, and its sulfate
form was identified 10 years later (1, 2}. Tt took another decade to identify DHEA
and DHEA-S in peripheral blood (3). Since then, thousands of studies on the
metabolic effects of DHEA have been published. DHEA is the most abundant
circylating seriod hormone in humans (4). It is secreted primarily by the adrenal
glands and to a lesser extent by the brain, skin, testes, and ovaries (5-10). After being
secreted by the adrenal glands, it circulates in the bloodstream as DHEA-sulfate
(DHEA-5); which i1s generally metabolically inactive. DHEA and DHEA-S are inter-
convertible in peripheral and adrenal tissues (11). As cells take DHEA-S from the
blood, they reconvert it into DHEA, and possibly to other metabolites. About 64%-
74% of the DHEA-S produced each day is converted to DHEA; but only a small
amount (13%) of the DHEA gets converted by sulfatransferase in the liver and kidney
to DHEA-S creating equilibrium between the two forms of the steroid (12).

DHEA has been referred to as the “mother steroid”, because it is a precursor for
many other steroid hormones (13). It is converted peripherally to androgens;
testosterone, dihyrotestosterone, androstendione and also to estrogens (14). It is
estimated that more than 90% of total estrogen in postmenopausal women is derived

from peripheral conversion of DHEA/DHEA-S (15). Although sex hormones serve



well-known functions, the exact mechanism of action and clinical role of DHEA iself
and 1ts sulfate is not so well understood.

Many researches have reported low levels of DHEA in degenerative diseases,
suggesting the higher levels of DHEA and DHEA-S may protect against the
development of diabetes, high cholesterol, and obesity (16, 17). These observations
have lead to the hypothesis that DHEA may play a regulatory role in obesity (18),
Yen and his group demonstrated that, the administration of DHEA significantly
inhibited obese mice to galn weight. In 1986, Cleary and Zisk treated lean and obese
female rats with DHEA and showed that adipose tissue weights were lowered in
DHEA treated obese and lean rats compared with untreated control group rats {19).
These mechanisms could explain DHEA anti-obesity effects.

Motivated by this background, this study was undertaken to assess the refationship
of DHEA and it’s metabolite to the menstrual cycle hormones in cbese and non-chese

Saudi women.



Material and methods
Subjects: Sixty-five healthy Saudi female volunteers ranged in age from 19-39

years of age were included in this study. All women were non-pregnant with normal
regular menstrual cycle between 27 and 30 days. Their ovulatory cycles were assessed
according to the information recorded about their last 8 menstrual cycles. They were
divided into two groups according to their BMI. Obese women of BMI > 27 ke/m” |
(n=26), ranged between 27-39 kg/m’. Non-obese women of BMI < 27 ke/m’®, (n=39),
ranged between 20-26 kg/m”.  All subjects were of good health according to their
medical history and the performed routine laboratory tests. None of the women were
taking any medication. All the women in the study provided informed consent for all

procedures,
Assay: Blood samples were collected after an overnight fast, on day 3, 16, 17, and

24 from the begimning of menstruation. All blood samples were withdrawn between
08:00 and 10:00 am. after an overnight fast. Information was recorded for all
subjects, including weight and height. Serum cholesterol, high-density lipoproteins
(HDL), low-density lipoprotein (LDL), and triglyceride were determined by
enzymatic methods (Boehringer Mannheim GmbH, Mannheim, Germany) on a
Hitachi 917 blood chemistry analyzer (Tokyo, Japan). Plasma DHEA and DHEA-S
were determined using a commercial direct ELISA kits (DRG International,

Germany}.  Serum progesterone, estradiol, FSH, and LH were measured by the



electrochemiluminescence ECLIA methods (Roche Diagnostics GmbH, Mannheim,
Germany) on the Roche Elecsys 2010 Immunoassay Analyzer (Tokyo, Japan). All
measurements from each individual were run in duplicate in a single assay. As DHEA
and DHEA-S levels do not vary with menstrual cycle (20), the serum levels were

measured using the samples collected on day 3 only.
Statistical analysis: The analysis was performed using the student t-test of the

statistical package for Social Sciences 10 for Windows. The results were expressed as
the means + standard deviation. Correlations were studied using Pearson’s method,

Statistical significance was defined at p < 0.05 or higher.



Resulis:

Serum DHEA does not show any significant differences between the two groups.
The mean DHEA and DHEA-S levels in obese women ranged between 10.74-
18.15ng/mi and 128520-2047 34ng/ml respeciively. In the non-obese group, the
mean DHEA and DHEA-S levels ranged between 15.24-24 42ng/ml and 1846.11-
2514.57ng/ml, respectively (Table 13, The levels of DHEA-S exceeded DHEA levels
in both groups and the ratio of DHEA to DHEA-S in both groups was found to be of
approximately 1:100. The lipid profile, presented in table 1, revealed that there are
significant differences between the obese and non-obese groups in the levels of
triglyceride and HDL. The obese group had significantly higher levels of triglyceride
(1.0340.60 vs. 0.712040 nmolL, p<0.05), and lower HDL (1234032 vs
1.50+0.23mmol/L, p<0.01)Table 2 shows the serum levels of menstrual cycle
hormones at days 3, 10, 17, and 24 of the cycle. Normal pattern of progesterone, FSH,
LH, and estradiol was noted. The level of progesterone (day 3), estradiol {day 3}, and
LH (day 10) demonstrated 2 significant differences between the obese and non-obese
women.

To assess associations between the variables, the Pearson r.iest was used. Table 3
shows the correlations between DHEA and menstrual eycle hormones for the obese

and non-obese women. The analysis revealed a highly significant correlation between



the levels of DHEA in the obese and non-obese groups with progesterone at day 10
(r=0.945, p<0.005; r=0.494, p<0.001, respectively). At day 24, DHEA level in obese
and non-obese subjects was significantly and positively related to FSH and 1LH
(r=0.929, p<0.01; r=0.353, p<0.05) (+=0.707, p<0.05; r=0.483, p<0.001) respectively.
Progesterone, FSH, LH, and estradiol were failed to show any significant correlation
with DHEA-S. The analysis showed that DHEA-S levels were related negatively with
BMI in obese group only (p<0.05; r=-0.25). DHEA levels in obese and non-obese
failed to show any correlation with BMIL Moreover, neither DHEA nor DHEA-S

showed any correlations with lipid profile.



Discussion

The purpose of this work, in which Saudi women were considered, was to measure
serum levels of DHEA and assesses their relationship to the levels of menstrual cycle
hormones. To our knowledge this study is the first to examine the relationship of
DHEA with levels of menstrual cycle hormones in Saudi women.

Previously conducted studies tested the effect of DHEA on the levels of sex
hormones in women through treatment with exogenous DHEA. Tt was shown that the
percutaneous administration of DHEA in postmenopausal women caused an increase
level of estradiol sulfate and estrone sulfate (21). Another study showed increased in
serum estradiol and estrone levels in postmenopausal women after a larger dose of
DHEA (22)  Stomati ef of, (2000), treated 18 postmenopausal women with oral
DHEA and showed that, estradiol and esterone levels were elevated, while
progesterone levels remained constant (23). In conirast to the previous studies,
Morales ef af, (1994), reported that estrogens were not significantly altered after
treatment of the women with 50 mg of DHEA (24). The positive correlation between
DHEA and estradiol, which was found by these authors, may be explained by
considering that all these studies administrated DHEA to postmenopausal women,
where the ovary has ceased; and the only source for estradiol formed in the peripheral

tissues is the serum DHEA.

10



In this study, the correlation between DHEA and estradiol failed to show any
relationship.  This result can be explained by the fact that serum estradiol reflects
avarian steroid secretion and the important contribution of the adrenal DHEA is not
accurately reflected in circulation levels of estradiol. The adrenal DHEA is converted
in tissue into the active estrogens and is metabolized locally into inactive
glucuronidated and sulfated metabolites, which in turn could be measured in the
circulation (21).

Concerning the relationship between DHEA, progesterone, FSH, and LH, limited
information is available. Our data showed a correlation to progesterone at day 10 and
at day 24 with FSH and L.  Progesterone and DHEA both are derived from
cholesterol and at day 10 of the menstrual cycle, progesterone begins to elevate. Day
24, late luteal phase, is also characterized by increasing FSH and LI The positive
correlation between DHEA with progesterone, FSH, and LH may possibly be
explained by the fact that DHEA may regulate progesterone, FSH, and LH
production.

Regarding the relationship between DHEA and BMI in women, little is known
with coniflicting data. In 1991, De Pergola er of, reported a significant inverse
correlation between DHEA serum levels and BMI (25). Another investigator showed
that DHEA levels were weakly and positively associated with BMI {26). The reason
for the discrepancy is not clear, but could refer to differences in subject selections.

Our study failed to show any correlation between DHEA and BMI, This result can be

11



explained by the fact that there were differences in the ranges of BMI between all the
studies. Also in the present study, all of the volunteers were with BMT less than
40kg/m”®. So we can not rule out the possibility that the range of BMI could be the
reason. This i3 obviously a matter that needs to be taken info consideration in
interpreting this type of data.

Considering the relationship between DHEA and lipid profile, limited information
is available. Our data showed that DHEA and DHEA-S levels did not correlate with
lipid profiles. Counteracting this result, Casson er af, (1998) showed that DHEA
administration decreased high-density lipoprotein, but did not change serum LDL and
Triglyceride in postmenopausal women (27). Other investigators found that,
DHEA-S levels are negatively associated with total cholesterol and triglyceride in
obese women (28). Further siudy showed that, HDL levels declined after treatment of
the premenopausal women with 50mg of DHEA (29).

In conclusion, the results suggest a close functional relationship betwesn plasma
DHEA and serum progesterone, FSH, and LH which may indicate 2 regulatory role of

DHEA towards menstrual cycle hormones.
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Tabie 1. Comparison of physical and metabolic characteristics of

ohese and non-obhese women, {mean £5.0).

Variables {bese Non-obese
=26 n=3%
BMI
(kg/m”) 31.68+3.43%* 21674 2.65
DHEA 14,454 917 19.834 14,15
{ng/ml}
DHEA-S 1666,274 943.44* | Z180.30+ 1616.90
{ng/ml}
LBL
(mmol/L) 1.65+ 0.82 1.29:+ 0,76
HBL
(mimmol/L) 1.23+ 0.32%% 1.50+ 0,23
Cholesterol
(ramol/L) 4,43 .66 4.38+ 0.75
Triglyeerides
{mumol/1.) 1.83+ 0.60 6.71+ 0,40

DHEA = Dehydroepiandrosterona
DHEA-S = Dehydroeplandrosterona-sulfate,
LDL = Low-density lipoprotein.
HOL = High-density lipoprotein,
< 0.05, “p < 0.01 comparing with non-obese




Table 2: Serum levels of Progesterone, Estradiol, FSH, and LH at days

3, 16, 17, and 24 of the menstrual cycle for obese and non-obese

women, {mean £8.03).

Brays of FsH
menstrual Progesterone Estradiol {mIU/mi} 1H
cycie Group {(nmol/i} {pmol/L} {mIU/mi}
Obese
Day 3 5.92:+9,94* (255984+185.42%%1  §,5947.05 4.52 +2.50
Non-ohese
2.42+1.16¢ 128.86362.63 7.86:+ 2,58 5,655 2,74
Obese
Day 10 1.53+0.89 352.81:172.97 £.96+0.86 6.67+2.28%
Non-obese
2.07+1.39 493.91+392.87 5724 3.13 16.47+11.02
Obese
Day 17 2.84+ 4,13 881.76+£522.30 5.08+2.42 14,61£9,18
Mon-chese
5234847 829.83+610.56 4.58+2.07 15,85+15.45
Obese
Day 24 9.58+6,44 T44.05+280,90 3.8842.71 9.31+:8.10
Nen-obese
8,91 £7.87 636,30:405,12 3.69+2.23 9.02+5.83
LH = Leutinizing hormone.

FSH = Follicle stimulating hormone.

* =p=<0.05, *=p<0.01 compared with non-obese group.




Table 3. Pearson's correlation coefficient of DHEA to menstrual cycie

hormones in obese [n=28) and non-obease {n=38) women.

é Progesterone FSH LH
Group at day 10 at day 24 at day 24
Obese $,945%* 0.929%= 6,707
Non-obese 0.494%* 4,353 §.483%*

DHEA = Dehvdroepiandrosterone.
FSH = Follicie stimulating hormaone.
LH = L eutinizing hormone.

*=p< 0,05, * *=p < 0.001.






