Original Research Article DOI: 10.18231/2394-6377.2018.0134

Alteration of serum dehydroepiandrosterone and its sulfated derivative in
hypothyroidism
Sumeru Samanta!, Ranadip Mukherjee?”, Nityanand Upadhyay?®
Assistant Professor, Dept. of Biochemistry, Bareilly International University, Uttar Pradesh, 2Assistant Professor, Dept. of

Biochemistry, SRMS Institute of Medical Sciences, Bareilly, Uttar Pradesh, 3Associate Professor, Dept. of Pathology, BIU
RCPM, Bareilly, Uttar Pradesh, India

*Corresponding Author: Ranadip Mukherjee
Email: ranadip_mukherjee83@yahoo.co.in

Received: 13t July, 2018 Accepted: 18™ August, 2018

Abstract

Introduction: Dysfunction of thyroid gland are among the most common disease of endocrine glands which affect a
considerable portion of the population. Thyroid abnormalities are accompanied by changes in various intermediary metabolism
which results in body weight alteration, insulin resistance, lipid profile and various biochemical parameters. Changes in
dehydroepiandrosterone (DHEA) and its sulfated metabolite (Dehydroepiandrosterone sulfate) have been reported in patients
with thyroid hypofunction but the evidence is controversial and not yet established. The present study planned to explore the
association between thyroid function with DHEA and DHEAS levels in hypothyroid patients.

Materials and Methods: An observational case control study was conducted in OPD patients of Rajshree Medical College of
Rohilkhand region. RMRI, Bareilly.70 newly diagnosed hypothyroid patients were selected and all the biochemical parameters
(plasma glucose, thyroid profile, DHEA and DHEAS) were compared with 70 age and sex matched healthy euthyroid controls.
Statistical analysis was done using SPSS 22.0. version.

Results: We found that serum DHEA and DHEAS levels were significantly reduced in hypothyroid patients as compared to
control (p<0.0001). Significant negative correlation was observed between DHEA and its sulfated form with TSH and positive
association with thyroid hormones (T3, T4, fT3, fT4).

Conclusion: The present study demonstrated that hypothyroidism is associated with significantly low levels of DHEA and
DHEAS concentration. Alteration of these sterols in hypothyroidism clearly indicates that thyroid hormone may stimulate the

synthesis of these androgen precursors, though more elaborate study with increased sample size may provide more insights.
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Introduction

Thyroid dysfunction is among the most common
disease of endocrine gland which affects a considerable
portion of the population.! Data from various research
world wide suggest that, globally 2 billion people are
affected by thyroid dysfunction and in India
approximately 42 million people suffer from thyroid
abnormalities.? Hypothyroidism is a disorder in which
the thyroid gland is unable to synthesize and secrete
sufficient amount of thyroid hormones to meet the
requirement of the peripheral tissue.* Primary
hypothyroidism refers to thyroid hypofunction due to
disease of thyroid gland itself. This condition manifests
for over 99% of all patients with hypothyroidism.*
Overt hypothyroidism describes moderate to severe
thyroid dysfunction resulting in increase serum TSH
usually above 10 IU/L in combination with reduce
serum concentration of total thyroxine (T4) or free T4.!
The incidence of hypothyroidism is estimated to be 4 to
5 per 1000 population per year for females and 0.6 to
0.9 per 1000 population per year for males.’ The
prevalence of overt hypothyroidism is nearly 1% to 2%
in women and 0.1% in men.® The thyroid hormones
play key roles in the regulation of bodily functions by
stimulate diverse metabolic activities in most tissues,

leading to an increase in basal metabolic rate and
increase heat production.”

Dehydroepiandrosterone (DHEA) and its sulfate
ester, dehydroepiandrosterone sulfate (DHEAS), are the
most important endogenous circulating hormones
synthesized from zona reticularis of adrenal cortex® is
one of the most crucial hormone and frequently called
"the mother hormone™ because it constitute the base for
the biochemical actions of important hormones like
testosterone, estrogen, progesterone and
corticosterone.® It has been suggested that DHEA and
DHEAS have some protective effect against
cardiovascular diseases, diabetes mellitus, and other
immune modulated diseases.*® Epidemiological studies
have shown a relationship between the progression
decrease in circulating DHEAS levels and the increase
in cardiovascular morbidity in men.!! Interestingly low
levels of DHEA have been linked to the development of
various diseases including thyroid dysfunction.?? As
cholesterol is the main precursors for synthesis of
DHEA and serum concentration of cholesterol is known
to change markedly in patients with thyroid
dysfunction; an association may exist between DHEA
levels and thyroid dysfunction.®® Studies by Ford HC et
al suggested that thyroid dysfunction mainly
thyrotoxicosis leads to a rise in serum sex hormone
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binding globulin (SHBG) concentration which is
accompanied by an increase in testosterone
concentration.** On the other hand plasma binding
activity of SHBG is decreased in hypothyroidism,
which results in decrease testosterone and estradiol
concentration.’® In addition thyroid hormone binding
globulin (TBG) are increased by excess estrogen and
decreased by excess androgen.'® So there might be
complex interaction exist between thyroid axis and
production of androgen precursors, i.e. DHEA and
DHEAS. But only very few data is available and less is
known about the serum concentration of DHEA and
DHEAS in patients with thyroid dysfunction. F Bassi et
al reported that DHEAS secretion is impaired in women
with primary hypothyroidism.'” Noriko et al. reported
that serum concentrations of DHEA and DHEAS were
significantly reduced in hypothyroidism.*® Though
there are few studies conducted regarding the levels of
serum DHEA and DHEAS in thyroid dysfunction, they
are conducted on Japanese and European population.
But no data is available in Indian population, which
prompted us to evaluate DHEA and DHEAS in thyroid
dysfunction.

Materials and Methods

An observational case control study was carried out
in the Biochemistry department for approximately 18
months duration from March 2015 to October 2016 in
RMRI, Bareilly. Ethical clearance was obtained from
Institutional Ethical Committee bearing reference no
RMRI. Bly/2014-15/101.

70 newly diagnosed hypothyroid patients were
taken as cases and 70 gender and age matched healthy
euthyroid subjects were taken as controls for the study.
The diagnosis of hypothyroidism depended on the
clinical features and biochemical test. The clinical
features include weight gain inspite of loss appetite,
cold intolerance, dry skin, bradycardia, puffiness of the
face and visible or palpable thyroid, while the
biochemical tests depended mainly on elevated serum
TSH, low serum T3, T4, fT3 and fT4 level.’® Written
informed consents were taken from all the subjects after
explaining the usefulness for the study.

The following patients were excluded from our

study:

1. Subjects with any kind of medication.

2. Prostatic hyperplasia.

3. Know case of diabetes, Tuberculosis.

4. Chronic hypertensive patients and pre-diagnosed
HIV patients.

5. Pregnancy and women on OCP.

6. Subclinical hypothyroidism.

Biochemical Analysis

The procedure was standardized and followed as
per the guidelines of The National Committee for
clinical laboratory standards (NCCLS).%

Modified OSHA (Occupational safety and health
act, 1970) guidelines are implemented in all steps of
sample collection, processing & handling of bio-
medical waste product.?

4 ml of fasting blood specimen was collected for
analyzing various parameters. Before collecting venous
blood sample using standard venipuncture subjects
were asked to have a fasting period of 12 hrs. For the
standardization blood was drawn in sitting position
from antecubital vein. These samples were collected in
two different vials, One plain vial for measuring the
thyroid profile (T3, T4, fT3, fT4 and TSH), DHEA and
DHEAS. One for measuring fasting plasma glucose in
sodium fluoride vial. The serum was aspirated after
centrifugation at 3000 rpm for 10 minutes. Then serum
was divided into aliquots in eppendroff tubes and stored
in the freezer (-20 °C) until used. Elisa kits were
procured from Avantor for thyroid profile, DRG for
DHEA and Calbiotech for DHEAS estimation and tests
were performed by using Erba Lisascan Il ELISA
reader and Erba Chem-7 semi-autoanalyzer.

Statistical Analysis

The data was processed and appropriate statistical
analysis was done by using licensed Microsoft Excel
2007 and SPSS version 22.0. Software ((SPSS Inc.
Chicago, IL, USA) to determine the relative
association/ correlation of serum DHEA, DHEAS in
hypothyroid and control subjects. All data were
represented as "mean +SD". Student’s ‘t’ test was
applied to see the statistical significance of variables
between hypothyroid group and control group. All the
results were considered to be statistically significant if p
< 0.05. Co-efficient of correlation ‘r’ was determined
between different biochemical indices by using Pearson
product moment correlation. For cut off value of DHEA
and DHEAS ROC curve analysis was performed.

Results

Table 1 represents the age and sex distribution of
our study population for hypothyroid cases and
controls. In our study with respect to gender we found
women were more predisposed thyroid dysfunction as
supported by the obtained data which suggested 61% of
thyroid dysfunction cases were females among the
collected samples in our hospital for 18 months sample
collection period. The mean age group of hypothyroid
cases was 37.47+4.97 years and mean age of controls
was 37.1845.03 years. In our study the number of
female patients (43/70) was more than that of males
(27/70). We also observed that majority of hypothyroid
patients in our study was in the age group of 36 to 45
years (n=42).

The serum level of all thyroid parameters of
hypothyroid cases and controls were shown in Table 2.
It was observed that TSH value was significantly
increased in hypothyroid group (47.77+23.79 plU/ml)
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with p value (p<0.0001). Ts, Ta, fT3, fT4 values were
significantly reduced (p<0.0001).

Comparison of various biochemical parameters is
shown in Table 3. In our study mean fasting plasma
glucose in hypothyroid group was 89.22+11.58 mg/dl,
while fasting plasma glucose in control group was
84.16+10.76 mg/dl (p=0.008).

The mean serum DHEA level in hypothyroid group
was 4.42+1.70 ng/ml as compared with control group it
was found 6.04+2.25ng/ml. From the results obtained,
it was evident that serum DHEA was significantly
lower in hypothyroid group in comparison to control
group. When compared by Student’s ‘t’ test the ‘p’
value obtained between hypothyroid group and control
group was <0.0001 which was highly significant. When
compared by Pearson’s product moment correlation
serum DHEA levels in hypothyroid group was
significantly negatively correlated with serum TSH
with ‘r’ value -0.675 [Fig. 1]. Significant positive
correlations were observed between serum DHEA with
T3 (r=0.20), T4 (r=0.32), fT3 (r=0.38) and fT4 (r=0.28)
levels [Table 4]. On ROC curve analysis the best cut off
value of serum DHEA was 5.01 ng/ml for hypothyroid

group from control group with 73% sensitivity and 80%
specificity with area under curve 0.716 and standard
error 0.035 which suggests that serum DHEA can act as
a potential differentiator between hypothyroid cases and
controls [Fig. 2].

According to our study findings serum DHEAS
level in hypothyroid group was 2.57+1.15 pg/ml, while
serum DHEAS level in control group was 3.38+1.15
pg/ml [Table 3]. It was evident that mean serum
DHEAS was significantly lower in hypothyroid group
in comparison to control group. When compared by
Student’s ‘t’ test the ‘p’ value obtained between
hypothyroid group and control group was <0.0001
which was highly significant. When compared by
Pearson’s product moment correlation serum DHEAS
levels in hypothyroid group was found to be
significantly negatively correlated with serum TSH (r=-
0.671) [Fig. 3] and with positively correlated with T3
(r=0.36), T4 (r=0.44), fT3 (r=0.35) and fT4 (r=0.48)
[Table 4]. On ROC curve analysis the best cut off value
of serum DHEAS was 3.07 pg/ml for hypothyroid
group from control group with 63% sensitivity and 67%
specificity with area under curve 0.689 [Fig. 4].

Table 1: Age and sex distribution of cases and controls

Parameters Controls (n=70) Hypothyroid cases (n=70)
(MeanzSD) (MeanzSD)

Age(Yrs) 37.18+5.03 37.47+4.97

Mean age of Males 37.04+5.16 37.59+5.32

Mean age of Females 37.13+5.41 37.43+4.92

Table 2: Thyroid function test in hypothyroid cases and controls

Parameter Controls Hypothyroid cases p-value
(MeanzSD) (MeanzSD)

T3 (ng/ml) 1.29+0.30 0.47+0.17 <0.0001

T4 (ug/dl) 7.18+1.89 2.75+1.27 <0.0001

FT3(pg/ml) 2.85+1.05 1.01+0.38 <0.0001

FT4(ng/dl) 1.35+0.41 0.61+0.35 <0.0001

TSH (ulU/ml) 2.77+1.28 44.31+24.17 <0.0001

Table 3: Comparison of assed biochemical parameters between hypothyroid cases and controls

Parameters Controls Hypothyroid cases p- value
(Mean+SD) (Mean+SD)
Fasting plasma glucose (mg/dl) | 84.16+10.76 89.22+11.58 0.008
DHEA (ng/ml) 6.04+2.25 4.42+1.70 <0.0001
DHEAS (pg /ml) 3.38+1.15 2.57+1.15 <0.0001

Table 4: Correlation of Serum DHEA and DHEAS with thyroid hormones in hypothyroid cases

Parameter Variables Pearson Correlation (r) ‘p’ Value
T3 0.20 0.04
Serum T4 0.32 0.001
DHEA fT3 0.38 0.000
fT4 0.28 0.004
T3 0.36 0.001
Serum T4 0.44 0.000
DHEAS fT3 0.35 0.003
fT4 0.48 0.000
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Fig. 2: ROC curve of serum DHEA level in controls & hypothyroid cases
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Discussion

Patients with disturbances of thyroid function often
manifest changes in intermediary metabolism including
alteration of various metabolic parameters, body
weight, food uptake, thermogenesis, insulin resistance
and lipid profile.?22® Alteration of these biochemical
parameters are very much responsible for the
pathological changes and various complications in
thyroid disorders. The present study set out to look at
the possible relationship between thyroid function and
some biochemical parameters (FPG, DHEA, DHEAS)
in hypothyroid patients.

We found that fasting plasma glucose levels of
hypothyroid cases were higher than controls. Mean
FPG concentration was found to be significantly
increased in hypothyroid cases than controls with ‘p’

value 0.008. Studies suggest that hypothyroidism is
associated with hyperinsulinemia.?* In hypothyroid
subjects the slowed metabolic state not only slows the
rate of glucose absorption from the gastro intestine
tract, but it also decrease the glucose utilization because
of insulin resistance.?*% In our study, the significant
higher FPG in hypothyroid group in comparison to that
of control group, pointed to the possibility that hyper
insulinemia and insulin resistance may be causing slight
increase in the glucose levels.

From this study it was evident that serum DHEA
and DHEAS levels were significantly lower in
hypothyroid cases in comparison with control group
(p<0.0001). Serum DHEA levels in hypothyroid cases
were found to be significantly negatively correlated
with serum TSH (r=-0.675, p=0.000) and DHEAS level
also significantly negatively correlated with serum TSH
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(r=-0.671, p=0.000). On the other hand all the thyroid
hormone parameters were significantly positive
correlated both with DHEA and DHEAS [Table 4]. On
ROC curve analysis the best cut off value of serum
DHEA was 5.01 ng/ml for hypothyroid group from
control group with 73% sensitivity and 80% specificity.
Upon ROC curve analysis the best cut off value of
serum DHEAS was 3.07 pg/ml for hypothyroid group
from control group with 63% sensitivity and 67%
specificity. Higher sensitivity and specificity of DHEA
indicates that serum DHEA can act as a better potential
differentiator between hypothyroid cases and controls
than serum DHEAS.

Our study findings was in full agreement with the
study conducted by Noriko Tagawa et al. who
evaluated DHEA & DHEAS levels in 24 hypothyroid
patients and compared with age and gender matched
healthy euthyroid subjects. They reported that DHEA &
its sulfated forms were significantly lower in patients
with thyroid dysfunction.’® Serum concentration of
these steroids correlated significantly with various
thyroid hormones but strongest value was observed
between fT4 in their study. Serum binding proteins of
these sterols i.e. albumin and SHBG levels were also
observed and they found that only slight perturbation
occurred as a result of thyroid dysfunction. Only a
small portion of serum DHEA binds to SHBG, and 90%
of these steroids binds weakly to albumin.? Likewise,
>90% of serum DHEAS binds weakly to albumin, but
DHEAS does not bind SHBG.%" So they concluded that
the alteration of DHEA and DHEAS was not due to
small changes in binding proteins. The present study
result was in consonance with studies conducted by F
Bassi et al. who evaluated DHEAS levels in 15 normal
premenopausal women and found that DHEAS levels
were significantly reduced (p < 0-001) in all the
subjects. They clearly concluded that DHEAS secretion
was impaired in some women with primary
hypothyroidism.r” The study findings also in
accordance with the research findings conducted by J
Foldes et al. who studied serum DHEA and DHEAS
levels in female subjects aged between 25 and 45
years.?® A highly significant decrease of DHEA as well
as DHEAS level in patients with hypothyroidism was
reported by their study. Our finding was also in
agreement with another study conducted by Noriko
Tangawa et al. who evaluated DHEA and DHEAS
along with other sterols in 31 untreated patients with
hypothyroidism.?® They clearly stated that serum
concentrations of these sterols mainly DHEA and
DHEAS were decreased significantly in
hypothyroidism. There was no significant difference
between male and female values of DHEA and
DHEAS. All these sterols were strongly correlated with
fT3 and fT4. Our study result was in consonance with
studies conducted by K Darvalova et al. who also
reported low levels of these sterols in hypothyroid
patients.®® They also reported negative correlation of

these steroids with TSH, along with their positive
correlation with both free thyroid hormones.

Recent researches in  understanding the
physiological roles of DHEA and DHEAS has
advanced the study of serum DHEA and DHEAS in
various diseases. However, little attention has been
given to patients with thyroid dysfunction. In our
present study it was clearly observed that DHEA and
DHEAS levels were significantly reduced in
hypothyroidism. Significant correlation was observed
between serum thyroid hormones and DHEA and
DHEAS suggesting that thyroid hormone modulate
serum concentration of DHEA and DHEAS.
Cholesterol acts as a precursors for synthesis of steroid
hormones in the adrenal gland and other organs. In the
synthesis process, the side chain of cholesterol at C-
17/C-20 is cleaved by cholesterol side chain cleavage
enzyme (cytochrome P-450scc),® producing PREG.
This rate determining step controls the biosynthesis of
all sterol hormones, including DHEA and DHEAS. In
thyroidectomy, a significant decrease in the activity of
P-450scc in rat adrenal cortex was observed.? Therefore
the significantly reduce levels of DHEA and DHEAS in
hypothyroid patients could be explained by the
decreased adrenal steroidogenesis induced by low
thyroid hormone concentration. As a result of decrease
in the activity of P-450scc, blood cholesterol pool is
increased and this mechanism possible contribute to
hypercholesterolemia in  hypothyroid patients in
addition to the already illustrated factors.

Conclusion

Our study clearly revealed that hypothyroidism is
associated with significantly low levels of DHEA and
DHEAS concentration. Low level of DHEA and its
sulfated form in overt hypothyroidism clearly indicates
that thyroid hormone may trigger the synthesis of these
steroids. Decrease DHEA and DHEAS levels are
associated with increased risk of cardiovascular
diseases along with increased BMI, shorter life span,
reduced bone mineral density, which may also suggest
that low levels of these steroid might be responsible for
various pathophysiology associated with thyroid
dysfunction and more research is required to establish
this fact. Our study has some limitations. There are
many causes for overt hypothyroidism. First we did not
classify the causes into different subgroups according to
the causes within study period, which would result in
small sample size of subgroups and may not remain
statistically relevant. Another limitation of this study
was less sample size and the study was conducted in
particular region and samples were collected from
patients who had arrived in our hospital so like any case
control study our study also includes selection bias. So
a prospective, multicentric study with larger sample
size could obtain wider insights.
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