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Prognostic value of serum Estrogen, Cortisol,
Calcium and Alkaline Phosphatase Activity in Pre and
Postmenopausal HIV women at Nnewi, Nigeria

ABSTRACT

Background: Osteoporosis is common in human immunodeficiency virus (HIV) infected persons. The
etiology of osteoporosis in HIV-infected patients is likely multifactorial, involving traditional risk factors
such as low body weight, hypogonadism, as well as direct effects of chronic HIV infection and
antiretroviral therapy.
Aims of Study: This study was designed to assess the prognostic value of Serum estrogen, cortisol,
, calcium and alkaline Phosphatase activity in pre and postmenopausal HIV
infected women at NAUTH Nnewi, Nigeria.
Material and Methods: This was cross-sectional study carried out from 2013 to 2014. A total of 80
female participants within the age bracket of 19-45(premenopausal) and 46-80 years (postmenopausal)
were randomly recruited for the study. They were grouped into: (i) HIV-infected postmenopausal females
(n=20). (ii) HIV- infected premenopausal females (n=20). (iii) Control postmenopausal females (n=20). (iv)
Control premenopausal females (n=20). Blood samples were collected for determination of estrogen,
and cortisol using Enzyme linked Immunosorbent Assay (ELISA) techniques.
Serum levels of calcium and alkaline phosphatase activity were analyzed using spectrophotometric
methods and .
Results: The result showed that the mean serum alkaline phosphatase and cortisol levels were
significantly higher

Conclusions: The present study shows

The clinical implication is discussed.
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1. INTRODUCTION

Osteoporosis is derived from a Greek word “ostoun” meaning "bone" and “poros” meaning "pore". It is a
progressive bone disease that is characterized by a decrease in bone mass and density which can lead
to an increased risk of fracture [1]. Osteoporosis is an accelerated bone loss which is greater than the
physiologically normal loss associated with bone remodeling. The World Health Organization (WHO) has
defined osteoporosis as a spinal or hip bone mineral density (BMD) that is 2.5 standard deviations or
more below the mean BMD for healthy, young women, measured by dual energy x-ray absorptiometry
(DEXA) [2].
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Osteoporosis is most common in women after the menopause, when it is called postmenopausal
osteoporosis, but may develop in men and premenopausal women in the presence of particular hormonal
disorders and other chronic diseases. The common osteoporatic fractures are mostly of the wrist, spine,
shoulder and hip. The underlying mechanism in all cases of osteoporosis is an imbalance between bone
resorption and bone formation.

Low bone mineral density (BMD) is prevalent in HIV infected subjects. Initiation of antiretroviral therapy is
associated with a 2% -6% decreases in BMD over the first 2 years, a decrease that is similar in
magnitude to that sustained during the first 2 years of menopause [3]. A previous study has shown that
the prevalence of osteoporosis was 3 times higher among HIV infected patients than HIV negative control
patients, especially among those receiving antiretroviral therapy (ART) [4].

Hormonal factors affect bone metabolism. For instance lack of estrogen increases bone resorption, as
well as decreasing the deposition of new bone that normally takes place in weight-bearing bones [5]. The
amount of estrogen needed to suppress this process is lower than that normally needed to stimulate
the uterus and breast gland. In addition to estrogen, calcium metabolism plays a significant role in bone
turnover, and deficiency of calcium and vitamin D leads to impaired bone deposition; in addition,
the parathyroid glands react to low calcium levels by secreting parathyroid hormone (PTH), which
increases bone resorption to ensure sufficient calcium in the blood. Estradiol increases production of
osteoprotegerin to diminish bone resorption. Glucocorticoids stimulate receptor activator of nuclear factor
kappa-B ligand (RANKL) expression while inhibiting osteoprotegerin (OPG) synthesis by osteoblasts to
enhance osteoclast proliferation and differentiation, leading to bone resorption [6]. Cortisol, a steroid
hormone produced by the zona fasciculata of the adrenal cortex [7] is released in response to stress and
low level of blood glucocorticoids. It has been reported that Cortisol decreases bone formation, favouring
long term development of osteoporosis [8] and a condition of overt hypercortisolism also called Cushing
syndrome leads to osteoporosis [8].

This study was therefore designed to assess the prognostic importance of some indices such as
estrogen, cortisol, calcium, FSH, PTH, Vit D and alkaline phosphatase activity in the diagnosis, treatment
and monitoring of bone health in postmenopausal and premenopausal HIV infected women.

2. MATERIAL AND METHODS

2.1. Study Area

The study was carried out at the department of Institute of Human Virology (IHV) in Nnamdi Azikiwe
University Teaching hospital, Nnewi (NAUTH), Anambra State, Nigeria.

2.2. Study population

HIV infected postmenopausal and premenopausal women, within the age bracket of 46-80 and 19-45
years respectively were recruited for the study. The remaining were non HIV-infected
premenopausal and postmenopausal women within the same age brackets who were recruited as Control
subjects amongst NAUTH hospital staff.

2.3. Study Design

This was cross-sectional study carried out from 2013 to 2014. A total of 80 (eighty) premenopausal and
postmenopausal women aged (19-45) and (46-80) years respectively were randomly recruited for the
study. 40 participants were and were grouped as (i) HIV infected
premenopausal women (n =20), (i) HIV infected postmenopausal women (n=20). The remaining 40
participants were apparently healthy women without HIV infection which served as control and were
grouped as (iii) Control premenopausal women (n= 20) and (iv) Control postmenopausal women (n = 20).
HIV-seronegative control women amongst the hospital staff of NAUTH, Nnewi.
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2.4. Sample Processing and Storage

The blood sample was withdrawn from the antecubital vein by means of sterile plastic syringes and
vacutainer EDTA bottle and plain container and, allowed to clot and centrifuged for 5 minutes at 4000 rpm
for proper separation of the serum. After centrifugation, the serum samples were separated and stored
frozen until analysis of calcium, , alkaline phosphatase, estrogen and cortisol.
Whole blood was used for determination of CD4+T-cell.

2.5. Inclusion criteria

2.6. Exclusion criteria

2.7. Methods
Total serum calcium was estimated as described by Sarkar & Chauhan [9].

Serum alkaline phosphatase activity was estimated using King Armstrong method as described by
McComb et al., [10].

2.8. Statistical Analysis

Continuous variables and categorical data were analyzed using independent sample t-tests and analysis
of Variance using version 17 of SPSS package. The variables were expressed as mean (xSD) and post-
hoc (LSD) were used to assess significant mean differences. All p-values were two-tailed, and a P=.05
was considered statistically significant.

3. RESULTS



116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131
132

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150




151
152
153
154
155
156

157
158
159
160

161

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177




178
179
180
181 4. DISCUSSION
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

214  The mean serum cortisol in HIV-infected premenopausal females was significantly higher compared to
215  the value in premenopausal Control females. Also the mean serum level of cortisol in HIV-infected
216 postmenopausal females was statistically higher compared to their corresponding Control females.
217 Cortisol is released in response to stress and low levels of blood glucocorticoids. The finding above is in
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accordance with the reports done by Berk et al., [23] which showed that cortisol decreases bone
formation. The authors reported that cortisol reduces bone formation favouring long term development of
osteoporosis. Cortisol suppresses many aspects of the immune system and response including the
proliferation of the lymphocytes, the activities of natural killer cells, macrophages and the production of
certain cytokines [24]. It has also been shown that the condition of overt hypercortisolism also leads to
osteoporosis and fractures in up to 70% cases [20]. A recent study done by Bolland et al., [17] showed
that high cortisol levels are seen in individuals with many types of severe acute or chronic illness and
HIV/AIDS is no exception. Wester et al., [25] also showed that adrenal insufficiency occurs in Human
immunodeficiency virus (HIV)/ Acquired immunodeficiency syndrome (AIDS) causing morbidity and
mortality in HIV patients. Elevated cortisol levels inhibit osteoblast formation and cell proliferation. This
dramatically decreases bone building and lowers bone density.

The mean serum level of calcium in HIV infected postmenopausal females was found to be significantly
lowered when compared with premenopausal HIV and postmenopausal control female subjects. Report
has shown that declining ovarian function before menopause is accompanied by reduction in bone mass
and altered calcium metabolism [26]. Estrogen deficiency may also induce calcium loss due to decreased
intestinal calcium absorption and decreased renal calcium conservation [27][28]. Calcium is an essential
nutrient and it is the most abundant in the body. The finding above is similar with the reports by Heaney,
[29], which showed that low calcium intake may be a risk factor in the development of osteoporosis.
Calcium deficiency causes mobilization of bone and leads sooner or later to osteoporosis. Loss of bone
starts in women at the time of menopause and in men at about age 55 and leads to an increase in
fracture rates in both sexes. Nordin, [30], explained that there is a rise in obligatory calcium excretion at
menopause which increases the theoretical calcium requirement in postmenopausal women to about 25
mmol (1000 mg). In the same vane, Hellman et al., [31], showed that there is impaired parathyroid
hormone secretion in HIV infected patients even in the absence of parathyroid infiltrative disease thus
decreasing intestinal absorption of calcium.

The study shows significantly higher alkaline phosphatase activity in premenopausal HIV infected females
when compared with the Control counterparts. Previous studies have reported that the raised alkaline
phosphatase in HIV infection could be either of hepatic or of bone origin [37] and this may remain
elevated for several months even after treatment suggesting increased bone turnover which continues
even after restoration of a normal metabolic rate [38]. The insignificant difference observed in the mean

stimuli in mesenchymal stem cells which are precursors of osteoblast. In particular, HIV- 1-gp120 and
p55gag can reduce bone alkaline phosphatase activity and calcium deposition by osteoblast.
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Thus the measurement of the serum levels of
these parameters can be used in line with CD4 count for the assessment of some bone associated
disorders in HIV infection.

5. CONCLUSION

CONSENT

All author(s) hereby declare that written informed consent was obtained from all the patients who
participated in this study.
ETHICAL APPROVAL

All author(s) hereby declare that all experiment and procedure have been examined and approved by the
appropriate board of ethics committee of Nnamdi Azikiwe University Teaching Hospital Nnewi, South East
Nigeria, and research have therefore been performed in accordance with the standards laid down in the
1964 Declaration of Helsinki.

The limitation of this study include insufficient sample size and lack of larger longitudinal analysis for
detailed explorations and assessment of bone mineral status of premenopausal and postmenopausal HIV
seropositive women, most especially with regard to HIV stage 2 subjects with and without anti-retroviral
therapy (ART regimens). Also the study lack specific information with regard to the nutritional status, Dual
Energy X-ray Absorptiometry (DEXA) for BMD and risk factors of osteopenia/osteoporosis in HIV infected
women.
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