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ABSTRACT 7 

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 is 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: 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 from 2013 to 2014 and 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.  
Results: The result showed that the mean serum alkaline phosphatase and cortisol levels in 
premenopausal HIV females were significantly higher when compared with the corresponding values in 
premenopausal control females (P=.05). The mean serum estrogen level in postmenopausal HIV females 
was significantly lower when compared with the value in postmenopausal control female subjects (P=.05).  
However, the serum cortisol level in postmenopausal HIV females was significantly higher compared to 
the value in the corresponding control female subjects (P=.05).  
Conclusions: The present study demonstrates significant derangement in the alkaline phosphatase 
activity; estrogen and cortisol levels in HIV infected female subjects thereby raising the incidence of 
osteoporosis. The clinical implication is discussed. 
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1. INTRODUCTION 11 

 12 

Osteoporosis is derived from a Greek word “ostoun” meaning "bone" and   “poros” meaning "pore". It is a 13 
progressive bone disease that is characterized by a decrease in bone mass and density which can lead 14 
to an increased risk of fracture [1].  Osteoporosis is an accelerated bone loss which is greater than the 15 
physiologically normal loss associated with bone remodeling. The World Health Organization (WHO) has 16 
defined osteoporosis as a spinal or hip bone mineral density (BMD) that is 2.5 standard deviations or 17 
more below the mean BMD for healthy, young women, measured by dual energy x-ray absorptiometry 18 
(DEXA) [2]. 19 

Osteoporosis is most common in women after the menopause, when it is called postmenopausal 20 
osteoporosis, but may develop in men and premenopausal women in the presence of particular hormonal 21 
disorders and other chronic diseases. The common osteoporotic fractures are mostly of the wrist, spine, 22 
shoulder and hip. The underlying mechanism in all cases of osteoporosis is an imbalance between bone 23 
resorption and bone formation.  24 
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Low bone mineral density (BMD) is prevalent in HIV infected subjects. Initiation of antiretroviral therapy is 25 
associated with a 2% -6% decreases in BMD over the first 2 years, a decrease that is similar in 26 
magnitude to that sustained during the first 2 years of menopause [3]. A previous study has shown that 27 
the prevalence of osteoporosis was 3 times higher among HIV infected patients than HIV negative control 28 
patients, especially among those receiving antiretroviral therapy (ART) [4].  29 

Hormonal factors affect bone metabolism. For instance lack of estrogen   increases bone resorption, as 30 
well as decreasing the deposition of new bone that normally takes place in weight-bearing bones

 
[5].  The 31 

amount of estrogen needed to suppress this process is lower than that normally needed to stimulate 32 
the uterus and breast gland. In addition to estrogen, calcium metabolism plays a significant role in bone 33 
turnover, and deficiency of calcium and vitamin D leads to impaired bone deposition; in addition, 34 
the parathyroid glands react to low calcium levels by secreting parathyroid hormone (PTH), which 35 
increases bone resorption to ensure sufficient calcium in the blood. Estradiol increases production of 36 
osteoprotegerin to diminish bone resorption. Glucocorticoids stimulate receptor activator of nuclear factor 37 
kappa-B ligand (RANKL) expression while inhibiting osteoprotegerin (OPG) synthesis by osteoblasts to 38 
enhance osteoclast proliferation and differentiation, leading to bone resorption [6]. 39 

Cortisol, a steroid hormone produced by the zona fasciculata of the adrenal cortex [7] is released in 40 
response to stress and low level of blood glucocorticoids. It has been reported that Cortisol decreases 41 
bone formation, favouring long term development of osteoporosis [8] and a condition of overt 42 
hypercortisolism also called Cushing syndrome leads to osteoporosis [8]. 43 

This study was therefore designed to assess the prognostic importance of some indices such as 44 
estrogen, cortisol, calcium and alkaline phosphatase activity in the diagnosis, treatment and monitoring of 45 
osteoporosis in postmenopausal and premenopausal HIV infected women. 46 

 47 

2. MATERIAL AND METHODS  48 

 49 

2.1. Study Area 50 

The study was carried out at the department of Institute of Human Virology (IHV) in Nnamdi Azikiwe 51 
University Teaching hospital, Nnewi (NAUTH), Anambra State Nigeria.  52 

2.2. Study population 53 

HIV infected postmenopausal and premenopausal women, within the age bracket of 46-80 and 19-45 54 
years respectively were randomly recruited for the study. The remaining were non HIV-infected 55 
premenopausal and postmenopausal women recruited as Control subjects amongst NAUTH hospital 56 
staff. 57 

2.3. Ethical Consideration 58 

Ethical approval for this study was obtained from the ethics committee of Nnamdi Azikiwe University 59 
Teaching Hospital, Nnewi. Informed consent was obtained from the subjects and their participation was 60 
voluntary. 61 

2.4. Study Design 62 

A total of 80 (eighty) premenopausal and postmenopausal women aged between (19-45) and (45-80) 63 
years respectively were randomly recruited for the study from 2013 to 2014. 40 participants were HIV 64 
infected and were grouped as (i) HIV infected premenopausal women (n =20), (ii) HIV infected 65 
postmenopausal women (n=20). The remaining 40 participants were apparently healthy women which 66 
served as control and were grouped as (iii) Control premenopausal women (n= 20) and (iv) Control 67 
postmenopausal women (n = 20). 68 

A well structured questionnaire was administered to them to ascertain their menstrual history, age and 69 
other biodata. 70 

 71 
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2.5. Sample Processing and Storage 72 

The blood sample was withdrawn from the antecubital vein by means of sterile plastic syringes into plain 73 
container, allowed to clot and centrifuged for 5 minutes at 4000 rpm for proper separation of the serum. 74 
After centrifugation, the serum samples were separated and stored frozen until analysis of calcium, 75 
alkaline phosphatase, estrogen and cortisol. 76 

2.6. Methodology 77 

Total serum calcium was estimated as described by Sarkar & Chauhan [9]. 78 

Serum alkaline phosphatase activity was estimated using King Armstrong method as described by 79 
McComb et al.,

 
[10]. 80 

Estradiol was determined using Enzyme Immunoassay (EIA) kit as describe by Tsang et al., [11] while 81 
Quantitative determination of Cortisol was also done using Enzyme Immunoassay Test kit as described 82 
by Engvall & Perlman

 
[12]. 83 

 84 

2.7. Statistical Analysis 85 
Continuous variables and categorical data were analyzed using independent sample t-tests and analysis 86 
of Variance using version 17 of SPSS package. The variables were expressed as mean (±SD) and post-87 
hoc (LSD) were used to assess significant mean differences. Graph Pad Prism version 5.03 was used for 88 
graph presentations. All p-values were two-tailed, and a P=.05 was considered statistically significant.  89 

3. RESULTS  90 
 91 
3.1. Serum Calcium, Alkaline phosphatase, Estrogen and Cortisol in Premenopausal HIV and 92 
control female subjects.  93 
 94 
The results showed that there was no significant difference in the mean serum calcium in premenopausal 95 
HIV females (2.14±0.08mmol/l) when compared with the value in premenopausal Control females 96 
(2.14±0.08mmol/l) (P>.05). The mean serum alkaline phosphatase activity in premenopausal HIV 97 
females (47.23±12.02mmol/l) was significantly higher when compared with the value in premenopausal 98 
Control females (31.09±6.69mmol/l) (P=.05). There was no significant difference in the mean serum 99 
estrogen level in premenopausal HIV females (18.50±9.09pg/ml) when compared with the value in 100 
premenopausal Control females (16.76±7.99pg/ml) (P>.05). However, the mean serum cortisol level in 101 
premenopausal HIV female was significantly higher (28.01±11.31ng/ml) when compared to the value in 102 
premenopausal Control females (15.21±6.47ng/ml) (P=.05) (See Fig 1).  103 
 104 

3.2. Serum Calcium, Alkaline phosphatase, Estrogen and Cortisol in postmenopausal HIV and 105 

Control female subjects.  106 
 107 
The results showed that there was no significant difference in the mean serum calcium level in 108 
postmenopausal HIV females (2.17±0.12 mmol/L) when compared with the value in postmenopausal 109 
Control females (2.22±0.06 mmol/L) (P>.05). There was no significant difference in the mean serum 110 
alkaline phosphatase between postmenopausal HIV females (51.22±21.74 mmol/L) and postmenopausal 111 
Control females (49.09±14.48 mmol/L) (P>.05).  However, there was a significant decrease in the mean 112 
serum estrogen level in postmenopausal HIV females (8.42±6.58 pg/ml) compared with the value in 113 
corresponding Control females (8.42±6.58 pg/ml) (P=.05).  The mean serum cortisol in postmenopausal 114 
HIV females (27.77±11.93 ng/ml) was significantly higher when compared with the value in 115 
corresponding Control females (18.29±16.20ng/ml) subjects (P=.05).  (See fig 2). 116 
 117 
3.3. Serum Calcium, Alkaline phosphatase, Estrogen and Cortisol in premenopausal HIV and 118 
postmenopausal HIV female subjects.  119 
 120 
The results showed that there was no significant difference in the mean serum calcium level 121 
premenopausal HIV females (2.14±0.08 mmol/L) when compared with the value in postmenopausal HIV 122 
females (2.17±0.12 mmol/L) (P>.05). Similarly, there was no significant difference in the mean serum 123 
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alkaline phosphatase in premenopausal HIV females (47.23±12.02 mmol/L) when compared with value 124 
in postmenopausal HIV females (51.22±21.74mmol/L) (P>.05). The mean serum estrogen in 125 
premenopausal HIV females (18.50±9.09 pg/ml) was significantly higher when compared with value in 126 
postmenopausal HIV females (8.42±6.58 pg/ml) (P=.05).  However, the mean serum cortisol was not 127 
significantly different between premenopausal HIV females (28.01±11.31 ng/ml) and postmenopausal 128 
HIV females (27.77±11.93 ng/ml) (P>.05). There was no significant difference in the CD4+  count of 129 
premenopausal HIV females (427.752±26.88) and the CD4+ count of postmenopausal HIV females 130 
(528.50±181.43) (P>.05). (See fig. 3). 131 
 132 
 133 

 134 

 135 

Fig 1: Mean serum Calcium, Alkaline Phosphatase, Estrogen and Cortisol in Premenopausal HIV females 136 
and Premenopausal Control female subjects. 137 

 138 

 139 
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Fig .2: Mean serum Calcium, Alkaline Phosphatase, Estrogen and Cortisol in Postmenopausal HIV 140 
females and Postmenopausal Control female subjects. 141 

 142 

 143 

Fig 3: Mean serum Calcium, Alkaline Phosphatase, Estrogen and Cortisol in Premenopausal HIV females 144 
and Postmenopausal HIV female subjects. 145 
 146 

DISCUSSION 147 

Human immunodeficiency virus (HIV) is associated with the derangement in the body’s physiological 148 
function, alteration in bone homeostasis and production of some biochemical metabolites.  Derangement 149 
in these biochemical parameters arises from the involvement of the viral infection in the metabolism of 150 
bone cells. Several studies have used Dual Energy X-ray Absorptiometry (DEXA) to study bone mineral 151 
status during osteoporosis.  However, relatively, studies have used bone homeostatic parameters (e.g 152 
calcaemia, magnesemia, phosphatamia, and bone-ALP) to monitor derangement in bone homeostasis in 153 
patients with osteoporosis.  Altered serum levels of bone minerals and ALP activities is not fully 154 
appreciated in literature because the few studies that have tried to explore bone impairment have usually 155 
used Dual Energy X-ray Absorptiometry (DEXA) [13]. 156 

The present study showed that mean total serum estrogen level of HIV infected postmenopausal females 157 
was significantly decreased compared to the value in HIV infected premenopausal females.  This finding 158 
is in accordance with a similar research by [14]. The authors explained that estrogen deficiency is the 159 
most important cause of postmenopausal bone loss in women. Also similar research by Zaidi and 160 
colleagues showed that estrogen deficiency causes both early and late forms of osteoporosis in 161 
postmenopausal females [15]. This, he associated with large increase in bone resorption caused by 162 
increased osteoclast activity. The lower levels of estrogen accelerate bone loss for a period of about five 163 
to eight years postmenopausal females. Women normally loose annually an average 3% of their bone 164 
mass in the years after menopause. A recent study done by Sinnessael [5] showed that hormonal factors 165 
strongly determine the rate of bone resorption. Lack of estrogen increases bone resorption as well as 166 
decreasing the deposition of new bone that normally takes place in weight bearing bones.  The mean 167 
total serum level of estrogen in HIV-infected premenopausal females showed an insignificant increase 168 
when compared with premenopausal Control group. Low bone mineral density is a recognized 169 
complication associated with HIV infection. The viral infection induces proinflammatory cytokines eg TNF-170 
α and OPG which affects osteoblast and osteoclast development 

[16]
.   Research done by Waugh et al., 171 

[17] showed that estrogen suppresses osteoclastogenic cytokine production in T- cells and osteoblast. It 172 
plays a role in bone metabolism focusing on proinflammatory cytokines and prostaglandin. These factors 173 
increase bone resorption. Therefore estrogen induces apoptic death of osteoclasts, increases 174 
osteoprogesterin production thus leading to bone resorption [17]. 175 
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The mean serum cortisol in HIV-infected premenopausal females was significantly higher compared to 176 
the value in premenopausal Control females. Also the mean serum level of cortisol in HIV-infected 177 
postmenopausal females was statistically higher compared to their corresponding Control females.  178 
Cortisol is released in response to stress and low levels of blood glucocorticoids. The finding above is in 179 
accordance with the research done by Berk et al., [18] which showed that cortisol decreases bone 180 
formation. The authors reported that cortisol reduces bone formation favouring long term development of 181 
osteoporosis. Cortisol suppresses many aspects of the immune system and response including the 182 
proliferation of the lymphocytes, the activities of natural killer cells, macrophages and the production of 183 
certain cytokines [19].   It has also been shown that the condition of overt hypercortisolism also leads to 184 
osteoporosis and fractures in up to 70% cases [19]. A recent study done by Bolland et al., [20] showed 185 
that high cortisol levels are seen in individuals with many types of severe acute or chronic illness and 186 
HIV/AIDS is no exception. Wester et al., [21] also showed that adrenal insufficiency occurs in Human 187 
immunodeficiency virus (HIV)/ Acquired immunodeficiency syndrome (AIDS) causing morbidity and 188 
mortality in HIV patients. Elevated cortisol levels inhibit osteoblast formation and cell proliferation. This 189 
dramatically decreases bone building and lowers bone density.  190 

The mean serum level of calcium in HIV infected premenopausal females was found to be statistically 191 
decreased than in those of premenopausal control.  Conversely, the mean serum level of calcium in HIV-192 
infected postmenopausal females showed an insignificant difference when compared to their control 193 
counterparts. Calcium is an essential nutrient and it is the most abundant in the body. The finding above 194 
is similar with the research done by Heaney, [22], which showed that low calcium intake may be a risk 195 
factor in the development of osteoporosis.  Calcium deficiency causes mobilization of bone and leads 196 
sooner or later to osteoporosis. Loss of bone starts in women at the time of menopause and in men at 197 
about age 55 and leads to an increase in fracture rates in both sexes. Nordin, [23], explained that there is 198 
a rise an obligatory calcium excretion at menopause which increases the theoretical calcium requirement 199 
in postmenopausal women to about 25 mmol (1000 mg).  In the same vane, Hellman et al., [24], showed 200 
that there is impaired parathyroid hormone secretion in HIV infected patients even in the absence of 201 
parathyroid infiltrative disease thus decreasing intestinal absorption of calcium. 202 

The mean serum alkaline phosphatase activity of HIV infected premenopausal females was significantly 203 
higher than in those of their Control counterparts. There was an insignificant difference in the mean 204 
serum levels of alkaline phosphatase in HIV infected postmenopausal females than in those of their 205 
control counterparts.  These findings were in accordance to the research work done by Dinesh, [25]. The 206 
authors explained that there was a slight but significant positive correlation indicating an increasing 207 
alkaline phosphatase activity with decreased bone mass. They also said that a slight increase in alkaline 208 
phosphatase in women with more severe osteoporosis is related to bone resorption. The insignificant 209 
difference observed in the mean serum alkaline phosphatase activity between HIV-infected 210 
postmenopausal females and their Control counterpart was similar to the research work carried out by 211 
Gibellini et al., [26]. The authors explained that the magnitude of bone alkaline phosphatase decreases in 212 
population of postmenopausal females with normalization to premenopausal levels. Also that several HIV 213 
protein may affect the functionality and maturation of osteoblasts, inducing apoptic stimuli in 214 
mesenchymal stem cells which are precursors of osteoblast. In particular, HIV- 1-gp120 and p55gag can 215 
reduce bone alkaline phosphatase activity and calcium deposition by osteoblast.   216 

There was a moderate positive correlation between CD4 counts, estrogen, cortisol, calcium and alkaline 217 
phosphatase in both premenopausal and postmenopausal women. In other words, increased CD4 count 218 
is associated with concomitant increase in the levels of estrogen, cortisol, calcium and alkaline 219 
phosphatase activity in the serum of HIV infected women. This is beneficial. Thus the measurement of the 220 
serum levels of estrogen, cortisol, calcium and alkaline phosphatase activity can be used in line with CD4 221 
count for the assessment of osteoporosis and bone associated disorder in HIV infection.  222 

4. CONCLUSION 223 

 224 

Conclusively, it is evident that HIV infection and osteoporosis produce alteration both in bone mineral 225 
metabolism and hormonal levels as revealed by changes in levels of different hormonal studies, and also 226 
characteristic changes in calcium and alkaline phosphatase activity. This study reveals that 227 
premenopausal and postmenopausal women with HIV infection have reduced estrogen and higher levels 228 
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of cortisol and alkaline phosphatase activity when compared with premenopausal and postmenopausal 229 
Control female subjects. The progressive alteration of these biochemical and hormonal parameters is an 230 
indication that their measurement may be useful tools in diagnosis, treatment, monitoring and 231 
management of osteoporosis as well as other bone associated disorders in HIV infected patients. 232 
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