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ABSTRACT 
 

Aim: One third of HIV patients are co- infected with HCV. As HIV patients live longer this co-
infection and its complications such as liver cirrhosis, hepatic carcinoma, metabolic syndrome are 
emerging as major manifestations of the disease that need to be dealt with promptly in order to 
avoid a reduction of the positive effects of highly active antiretroviral therapy (HAART) on 
HIV/AIDS introduced in 1996. Another system that could be affected by co-infection is the skeletal 
system. It has been shown that HIV itself and in combination with HCV could lead to a reduction in 
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bone mineral density (BMD) predisposing to pathological fractures. It is thus important to determine 
the state of calcium metabolism among our HIV/HCV patients in order to forestall negative impacts 
on our patients who have been stable on HAART for several years. The majority of our patients are 
on combination therapy of Zidovudine, Lamivudine and Nevirapine. The hepatic complications of  
HIV/HCV co-infection have been well established.  In our previous studies signs of hepatic 
inflammation have been demonstrated by raised aspartate transaminase (AST) and alanine 
transaminase (ALT) levels. However in this study we wish to also demonstrate liver damage 
through estimation of bilirubin levels. 
Methodology: Antibodies to HIV were determines using Unigold and determine. 
immunochromatographic device was used to detect anti-HCV. Total bilirubin and calcium were 
analyzed using vitros DT-60 card reader.  
Results: The majority of our patients were female. In group I up to %80. There was a statistically 
significant elevation of total bilirubin levels in HIV/HCV co-infected patients when compared to HIV 
mono-infected patients. There were statistically  significant changes in calcium levels between the 
groups 
Conclusion: Information on HIV/HCV co-infection and its effects on calcium metabolism in this 
clinical instance appears to be scarce. Intensification of research is required to firmly establish the 
role of HIV/HCV co-infection on calcium metabolism in our clinical instance. 
 

 
Keywords: Coinfection CD4 counts HIV/HCV calcium. 

 
1. INTRODUCTION 
 
Since the introduction of highly active 
antiretroviral drugs (HAART) in 1996 the 
management of HIV positive patients has 
improved dramatically with subsequent 
prolongation of life of these patients. However 
there has been the emergence of side effects 
and complications hitherto unseen as a result of 
these patients living longer. These include side 
effects of the drugs themselves, drug-drug 
interactions, co-infection with other viruses which 
share similar routes of infection notably hepatitis 
C virus and the predisposition to hepatic fibrosis, 
cirrhosis and carcinoma [1,2]. Also an important 
complication is what is now well recognized and 
referred to as the metabolic syndrome 
(Lipodystrophy) [3,4].  
 
Complications of co-infection may include 
skeletal system. It has been reported that in HIV 
mono-infection hypocalcaemia could occur [5] 
which could result in osteoporosis and 
pathological fractures [6,7]. The role of GH/IGF-1 
in modulating the availability of calcium in mono-
infected HIV patients has been observed and 
documented. This is thought to be responsible 
for the HIV associated osteopenia [6]. HIV 
infection has also been associated with          
renal disease which is characterized by nephritic-
stage proteinuria (>3.5 g/dl), azotaemia, 
hypoabluminaemia and occasionally 
hypocalcemia.  Electrolyte abnormalities and 
altered mineral metabolism also may   occur in 
patients with HIV/AIDS and have been found to 

contribute to bone diseases, cardiovascular 
disease and other clinical problems. Further 
studies have shown that HIV infection alone is a 
cause of decrease of bone mineral density 
(BMD). Reasons for this are said to be 
multifactorial, including complex interaction 
between HIV infection, traditional osteoporosis 
risk factors exacerbated by consequences of 
chronic HIV infection (eg, poor nutrition and low 
weight), high rates of smoking and alcohol 
consumption, low vitamin D levels, and ART-
related factors [7,8,9]. 

 
Various studies have also shown that HIV/HCV 
co-infection is associated with decrease in bone 
mineral density and increased incidence of 
fractures [10]. Calcium is the predominant 
mineral in bone, and crystals of calcium 
compounds give bone its hardness and strength. 
Individuals that are at high risk or that have been 
diagnosed with osteoporosis may need to 
consume up to 1,200 mg/day. In an 
observational study carried out in the veterans 
affairs clinic in the USA, findings revealed an  
increased incidence of fractures in HIV/HCV co-
infected patients [11].  This study also related the 
degree of liver dysfunction to the tendency to 
develop osteoporosis and hence pathological 
fractures in HIV/HCV co-infected patient [11]. 
This makes the study further interesting, and 
could be described as vicious circle because it 
has been well established as previously 
mentioned that HIV/HCV co-infection has a 
particularly lethal effect on the hepatic system, 
citing liver complications as the most common 
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cause of death in co-infected patients [12,13] 
Thus far this article has stressed the harmful 
impact of HIV/HCV co-infection on the skeletal 
and  hepatic systems. Markers usually used as 
indicators of liver damage include aspartate 
transaminase (AST), alanine transaminase (ALT) 
and total bilirubin [14,15,16]. In addition to 
determining calcium levels it was also decided to 
determine total bilirubin levels in these co-
infected patients and this decision was reached 
due to the relationship between liver damage and 
skeletal abnormalities.  In similar studies it was 
found that bilirubin levels were raised suggesting 
some degree of liver damage [14].  
 

2. MATERIALS AND METHODS 
 
Blood samples were collected from the 50 
patients co-infected with hepatitis C and HIV, 
based on prevalence of 3.3% [17].  Fifty subjects 
living with HIV/AIDs who tested negative for 
hepatitis C virus were included concurrently. 
Finally 50 subjects sero-negative for hepatitis C 
and HIV were included as negative control 
subjects. Total number of participants 
n=150.Informed consent was sought from all 
patients. Also all those who consumed alcohol, 
intravenous drug users (IVDU) and on drugs 
other than HAART as prescribed by the 
physicians were not included in this study. None 
were cigarette smokers. Neither were any of the 
patients on anti HCV therapy and all are of 
African descent. By CDC criteria all patients are 
in stage A. All patients with tuberculosis were 
excluded. The significant clinical manifestations 
of our patients were dermatitis and thrush (oral 
and vaginal) and were otherwise stable.  
 
For all subjects, information on prescribed 
medications and laboratory parameters was 
obtained from clinical and laboratory databases. 
Data on patient demographics, social practices, 
clinical and laboratory parameters, and 
prescribed antiretroviral and other medications 
were abstracted from charts by trained and 
authorized personnel. The study was approved 
by the ethical research committee of the Lautech 
teaching hospital, Osogbo, Osun state, Nigeria. 
 

Setting: The study was carried out in Osogbo the 
capital of Osun state located in South West 
Nigeria. It is an urban setting with a population of 
3,416,959. The residents are majorly Yoruba 
however there are other tribes including Hausas, 
Igbos and those of Edo state origin. The weather 
is typically tropical with periods of heavy rain fall 
alternating with the dry season.  

Standard laboratory assessments were 
performed by licensed clinical laboratories, 
including, serum chemistry panels, alanine 
transaminase (ALT) levels, aspartate 
transaminase levels (AST), bilirubin levels, CD4 
cell counts and calcium levels. 
 

2.1 Inclusion Criteria 
 

Group I Inclusion criteria: 1)HIV positive 
patients 2) HCV positive patients3) 
Patients who give consent 4) Only patients 
managed in our facility 5) Patients on 
HAART 
Exclusion criteria: 1) HCV negative 
patients 2) Patients who do not give 
consent 3) Patients not on HAART 

Group II Inclusion criteria: 1) HIV positive 
patients 2) HCV negative patients 3) 
patients who gave consent 4) patients on 
HAART 
Exclusion criteria: 1) HCV positive patients 
2) Patients who did not give consent 3) 
Patients not on HAART 

Group III Inclusion criteria: 1) HIV negative 
patients 2) HCV negative patients 3) 
Patients who give consent  
Exclusion criteria: 1) HIV positive patients 
2) HCV positive patients 3) Patients who 
did not give consent 

 

3. RESULTS 
 
The total number of participants was 150 
(n=150). There were three groups of patients, 
those who were HIV positive and HCV positive 
(Group I), the second group in which they were 
HIV positive and HCV negative (Group II) and 
the third group which served as a control group 
where the patients were both HIV and HCV 
negative (Group III).  For group I the median age 
was 40.64±9.39, while for group II 39.22±8.62 
and for group III 39.84±10.00 years. In all groups 
the majority were female the highest percentage 
of them being in group I at 80%, group II 68% 
and 64% in group III respectively. Using the CDC 
criteria for staging and from the results of CD 4 
counts we obtained all our patients were in stage 
A. The majority of the patients are on a 
combination therapy of Zidovudine, Lamivudine 
(3TC) and Nevirapine. 
 

For group I the median calcium was 8.90 mg/dl, 
for group II where the clients were only HIV 
positive the median calcium was 7.10 mg/dl and 
in group III where they were negative for both 
viruses the mean calcium was 8.75 mg/dl. When 
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group I was statistically compared to group III 
there was no statistical significance. However 
when group II was compared with group III and 
group I was compared to group II there was 
statistical significance (P=0.000) (Table 3B). 
 

For total bilirubin (B1) the median value for group 
I was 11.90 µmol/l, the median for group II was 
7.10 µmol/l and for group III 9.00 µmol/l. For 
conjugated bilirubin the median in group I is 6 
µmol/l, in group II 5.90 µmol/l and in group III 3 
µmol/l.  On closer analysis it was discovered that 
certain parameters were skewed (except calcium 
and age) hence the use of median and inter-
quartile range was employed as a measure of 
central tendencies and spread respectively. As a 
result the Kruskal-Wallis method was used in 
place of analysis of variance (ANOVA) to 
examine the median differences in the groups in 
some instances (Table 4). 
 

4. DISCUSSION 
 

The majority of our patients are on HAART 
combination of lamivudine, Zidovudine and 

Nevirapine. Initiation of HAART itself is thought 
to reduce the bone mineral density (BMD) 
especially within the first two years of therapy 
and has even been compared with the effects of 
early years of menopause in females on BMD. 
This is somewhat similar to the age range of our 
study groups in which the majority were female 
between 30 and 49 years of age (Table 2). The 
majority of our patients have been on HAART for 
at least three years. However this effect of 
HAART on BMD is thought to reach a plateau or 
even become insignificant after a period of time. 
HAARTs implicated in this include Zidovudine, 
Lamivudine, Lopinavir and Ritonavir. Zidovudine  
stimulates osteoclastic activity, and tenofovir has 
been shown to inhibit mineralization of bone 
[18,19]. Some studies suggested that this 
HAART related reduction in BMD is more 
pronounced in cases with lower CD4 + counts. 
Our groups (I and II) of patients had lower CD4 
counts than control group III (Table 1). Also 
protease inhibitors (PIs) are thought to be a 
group of drugs with a propensity to reduced BMD 
[20,21,22]. 

 
Table 1. Summary statistics of measured parameters 

 
Groups  statistics AST ALT CA B1 B2 CD4 
Group I       
25 Percentiles 7.00 4.7500 7.78 9.00 3.9750 2.8100E2 
Median 10.00 6.0000 8.90 11.90 6.00 4.4850E2 
75 Percentiles     23.50 12.25 9.20 20.70 15.00 6.7825E2 
IR 16.5 7.5 1.40 11.70 11.03 3.97E2 
Group II       
25 Percentiles 9.00 5.00 6.38 7.25 3.90 1.8750E2 
Median 11.00 6.50 7.10 9.10 5.90 4.3550E2 
75  Percentiles     14.00 10.25 7.63 11.00 6.30 8.0500E2 
 IR 5.00 5.25 1.26 3.75 2.40 6.18E2 
Group III       
 25 Percentiles 5.00 3.00 7.95 7.00 2.00 8.1550E2 
Median 6.50 4.00 8.75 9.00 3.00 9.2150E2 
75 Percentiles     9.25 7.00 9.17 12.00 4.00 1.0655E3 
IR 4.25 4.00 1.22 5.00 2.00 2.50E2 

 
Table 2. Showing the age range and gender 

 
Variable  Group 1 Group 2 Group 3 
Age  n=50 n=50  n=50 
≤20 – 29 yrs 7 3 6 
30  -39 yrs 16 26 21 
40-49 yrs 16 16 16 
50-59 yrs 11 3 4 
≥60 yrs 0 2 3 
Sex     
Male  10 16 18 
Female  40 34 32 
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It has been suggested that middle aged 
Caucasian (non black) men are more 
predisposed to the factors that could lead to 
reduced bone mineral density than black men 
are [23]. Unfortunately we were not in a position 
to test this factor in our study as all our patients 
are Negroid and of African descent. On the issue 
of age and gender, majority of our patients were 
female mostly between 30-49 years (Table 2). 
There could be an influencing factor of effects of 
early menopause on the skeletal system 
(osteopenia and osteoporosis) in females 
contributing to the higher incidence of the female 
sex within our statistically significant study group 
(Table 2) but the contribution of menopause is 
likely to be only part of the story because of the 
age range of our study group in our clinical 
instance which could in this case be compared to 
what obtains in the west [24,25]. This is taking 
lower calcium levels contributing to osteoporosis.  
 
A lot of emphasis has been placed on shared 
routes of infection [26], and the effect of 
HIV/HCV co-infection on the hepatic system. It 
has been shown in other reports that liver 
enzymes (AST, ALT) and their elevation are 
serious markers of hepatic inflammation which 
may result in fibrosis, cirrhosis and carcinoma 
[16]. Our patients had raised levels of liver 

enzymes (Table 1) compared to the control and 
as such are candidates for these stages of liver 
pathology. The majority of patients co-infected in 
this study (Fig. 1) were between 30 and 49 years 
(Table 2). In a study on epidemiology and co-
infection carried out by Victoria et al in 2010 the 
majority of patients fell between 25 and 40 years 
of age [26]. This similarity could be due to the 
sustained sexual activity within this reproductive 
age group of the population. The majority of our 
patients were women (Fig. 2), in contrast to a 
study carried out in Brazil in which the majority of 
patients were male [26]. However in another 
study it was discovered that HIV positive women 
who were infected with hepatitis C and on 
therapy were more likely to experience adverse 
events (AE) than men [27] this may include 
skeletal pathology.  
 
Extensive research employing popular medical 
search engines including Pub Med revealed that 
there is a paucity of information on calcium 
metabolism in HIV/HCV co-infected patients in 
this clinical instance. However analyzing our 
findings ,the calcium levels did not seem to differ 
much between group I and III (Tables 3A and 3B) 
and was not statistically significant (P=1.00). 
Though for the other groups, I and II and II and III 
the reverse was found to be the case. 

 
Table 3A. Analysis of variance for levels of calcium and age by groups 

 
Variables x ± SD F  P value 

Calcium 
Gp I 
Gp II 
Gp III 

 
8.50±1.44 
7.04±0.81 
8.66±.96 

 
32.6 

 
0.000 

Age 
Gp I 
Gp II 
Gp III 

 
40.64±9.40 
39.22±8.62 
39.84±10.00 

 
0.289 

 
0.749 

 

 
Table 3B. Pairwise comparison of mean levels of calcium and age 

 

Group I (HIV and HCV positive); Group II (HIV positive and HCV negative); Group III (HIV and HCV negative) 
 

Variable Mean difference P value 
Calcium   
Gp I VsGp II 1.45800 .000 
Gp I VsGp III -.16400 1.000 
Gp II VsGp III -1.62200 .000 
Age   
Gp I VsGp II 1.42000 1.000 
Gp I VsGp III .80000 1.000 
Gp II VsGp III -.62000 1.000 
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Fig. 1. Pie chart showing age distribution in among study population  
 

 
 

Fig. 2. Pie chart showing gender difference among study population  
 

In previously cited references from studies 
carried out in other environments, co-infection 
with HIV/HCV produced various degrees of 
osteoporosis. It appears though that this may not 
be a feature in our group of patients. However it 
would have been desirable to perform 
investigations such as dual x-ray absorbtiometry 
(DXA) and or quantitative computed tomography 
but for the resource limitations of our clinical 

instance. It may appear that this paper is one of 
the earliest attempts to investigate calcium 
metabolism in HIV/HCV co-infected patients in 
Nigeria, ironically a prominent member of 
resource limited countries (RLC) despite vast oil 
reserves. More pending issues such as hunger 
poverty pushing such esoteric but vital research 
such as this into the back ground.  
 

20-29yrs

30-39yrs

40-49 yrs

50-59yrs

≥60 yrs

Male

female
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It is not in dispute that HIV/HCV co -infection 
leads to a reduced BMD and has even been 
described as an independent risk factor for low 
energy impact trauma associated with 
pathological fractures. What might not be quite 
clear is the mechanisms involved [28]. These are 
suggested to be multifactorial including infection, 
traditional osteoporotic risk factors and 
antiretroviral therapy (ART) as described above 
[28]. 
 
It is estimated that up to 9% of HIV mono-
infected patients will develop a reduction in BMD 
due to the negative effects of the virus on 
osteoclastic activity, alterations in vitamin levels, 
low body weight, hypogonadism, chronic 
inflammation and smoking [28]. None of our 
patients are smokers. HIV viral proteins, Vpr and 
gp120 are thought to stimulate osteoclast activity 
assisting in reduction of BMD. Tumour necrosis 
factor and IL6 have also been implicated in 
stimulating osteoclastic activity [20,29,30].  
 
There was a marked increase in bilirubin levels 
when comparing the co-infected group I with the 
non- infected group III which was statistically 
significant (Table 4). This is in keeping with 
findings in other major HIV care delivery centers 
in the world. There was also a marked increase 
in markers of hepatic activity such as AST and 

ALT (Table 1) in these patents when compared 
to the control group and this could lead to 
reduction in bone mineral density within the 
concept of hepatic osteodystrophy. 
 
Studies have shown that co-infection (HCV/HIV) 
has contributed more to reduced bone mineral 
density (BMD) and osteoporosis than in patients 
uninfected with either virus or those mono-
infected with just HIV. More recent studies have 
revealed that HCV mono-infection with hepatic 
decompensation are more likely to develop low 
BMD than in those with HCV monoinfection but 
with normal hepatic function [31-33]. This further 
emphasizes the link between calcium level 
determination and investigation of hepatic activity 
using bilirubin levels in addition to liver enzymes. 
It may be interesting at this point to mention the 
concept of hepatic osteodystrophy (HO) [28] 
which is thought to be implicated in the reduced 
BMD associated with HIV/HCV co-infected 
patients. HO refers to the distabilisation in bone 
mineral density found in patients with chronic 
liver disease (CLD). The alterations in BMD 
usually includes osteopenia and or osteoporosis. 
It has already been mentioned that the hepatitis 
C component of HIV/HCV co-infection is an 
important cause of varying degrees of 
hepatopathy including fibrosis, cirrhosis and 
hepatic carcinoma. 

 
Table 4. Kruskal-Wallis Test showing mean rank difference and P values in selected 

parameters 
 

 
 

 

 Group N Mean rank P value 
AST Gp I 50 85.74  

Gp II 50 91.33  
Gp III 50 49.43 0.000 
Total 150   

ALT GP I 50 83.63  
Gp II 50 88.32  
GpIII 50 54.55 0.000 
Total 150   

B1 Gp I 49 93.95  
Gp II 50 64.22 0.001 
Gp III 50 67.21  
Total 149   

B2 Gp I 50 96.65  
Gp II 50 87.97  
Gp III 50 41.88 0.000 
Total 150   

CD4 Gp I 50 57.12  
Gp II 50 59.15 0.000 
Gp III 50 110.23  
Total 150   
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In a study carried out at the Johns’ Hopkins HIV 
clinic it was discovered that patients who had 
lower levels of hepatic markers including AST, 
albumin and bilirubin were less likely to progress 
to fibrosis [34]. Our patients had raised levels of 
AST and ALT and bilirubin. Together with the 
statistically   significant levels of calcium among 
the groups it would be necessary to maintain 
monitoring of these parameters (Table 3). It 
should be mentioned that the treatment of 
hepatitis C involves the combination of Pegylated 
interferon and Rabavarin [35].  However none of 
our patients are on this due to adverse drug drug 
interactions that are known to occur in co-
infected patients and most importantly lack of 
access to these drugs due to financial reasons. It 
has been suggested though, that removal of the 
interferon component would remove adverse 
drug reactions to a significant degree [36] 
thereby improving treatment outcomes. It is our 
hope to commence treatment of HIV/HCV 
coinfected patients despite the various obstacles 
highlighted using the HAART and introducing 
Rabavrin, as laboratory investigations and 
clinical findings dictate. It is important to note that 
not all the variables revealed normal Gussian 
curve on statistical analysis. Only calcium and 
age showed normal distribution. Therefore the 
Kruskal-Wallis test was employed to analyse 
those parameters which did not show a normal 
distribution and they were found to be statistically 
significant across all groups (Table 4).  
 

5. CONCLUSION 
 

This study revealed that our patients had 
statistically significant levels of calcium across 
the coinfected and monoinfected groups and 
elevated liver markers and could therefore be 
potential candidates for hepatic osteodystrophy. 
It is essential to maintain regular monitoring of 
these patients. Follow up studies would be 
needed to include liver histology preferably with 
non-invasive methods (e.g. Elastometry) to 
enable improved interpretation of results. 
Patients should be informed of this potential 
complication at point of entry into the health 
facility.  
 

ETHICAL CLEARANCE 
 

This was obtained from the Lautech research 
ethics committee (LTH/EC/2014/08/0178). 
 

ACKNOWLEDGEMENT S 
 
This publication was supported by the co-
operative agreement number PS000651-03 from 

the center of disease control and prevention 
(CDC) Atlanta USA. Its contents are solely the 
responsibility of the authors and do not 
necessarily represent the official views of CDC 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Campos-Varela I, Peters MG, Terrault NA. 

Advances in therapy for HIV/Hepatitis C 
virus-coinfected patients in the liver 
transplant setting. Clin Infect Dis; 2014.  
pii: ciu731. [Epub ahead of print] 

2. Dimitroulis D, Valsami S, Spartalis E, 
Pikoulis E, Kouraklis G. Hepatocellular 
carcinoma in patients co-infected with 
hepatitis C virus and human immune-
deficiency virus. World J Hepatol. 
2013;5(6):323-7. 

3. Loko MA, Bani-Sadr F, Winnock M, 
Lacombe K, Carrieri P, Neau D, Morlat P, 
Serfaty L, Dabis F, Salmon D Impact of 
HAART exposure and associated 
lipodystrophy on advanced liver fibrosis in 
HIV/HCV-coinfected patients. J Viral 
Hepat. 2011;18(7):e307-14. 

4. Andreoni M1, Giacometti A, Maida I, 
Meraviglia P, Ripamonti D, Sarmati L.    
HIV-HCV co-infection: epidemiology, 
pathogenesis and therapeutic implications. 
Eur Rev Med Pharmacol Sci.  2012;16(11): 
1473-83. 

5. Kuehn EW, Anders HJ, Bogner J, 
Obermaier RJ, Goebel FD, Schlöndorff D. 
Hypocalcaemia in HIV infection and AIDS. 
Journal of Internal medicine. 1999;245(1): 
69-73. 

6. Teichmann J, Lange U, Discher T, 
Lohmeyer J, Stracke H, Bretzel RG. 
Growth hormone and bone mineral densitiy 
in HIV-1-infected male subjects. Eur J Med 
Res. 2008;13(4):173-8. 

7. Tebas P, Powderly WG, Claxton S. 
Accelerated bone mineral loss in           
HIV-infected patients receiving potent 
antiretroviral therapy. AIDS. 2000;14(4): 
F63–F67. 

8. Mondy K, Yarasheski K, Powderly         
WG. Longitudinal evolution of bone    
mineral density and bone markers            
in human immunodeficiency virus-   
infected individuals. Clin Infect Dis. 2003; 
36(4):482-490. 



 
 
 
 

Mabayoje et al.; BJMMR, 7(1): 72-81, 2015; Article no.BJMMR.2015.309 
 
 

 
80 

 

9. Gallant JE, Staszewski S, Pozniak AL. 
Efficacy and safety of tenofovir DF 
vsstavudine in combination therapy in 
antiretroviral-naive patients: a 3-year 
randomized trial. JAMA. 2004;292(2):191-
201. 

10. O’Neill TJ, Rivera L, Struchkov V, Zaheen 
A, Thein H-H .  The Effect of HIV-Hepatitis 
C Co-Infection on Bone Mineral Density 
and Fracture: A Meta-Analysis. PLoS 
ONE. 2014;9(7):e101493.  

11. Maalouf NM, Zhang S, Drechsler H, Brown 
GR, Tebas P, Bedimo RJ. Hepatitis C     
co-infection and severity of liver disease as 
risk factors for osteoporotic fractures 
among HIV-infected patients. Bone Miner 
Res. 2013;28(12):2577-83.  

12. Fernández-Montero JV, Barreiro P, Vispo 
E, Labarga P, Sánchez-Parra C, Soriano 
V. Liver stiffness predicts liver-related 
complications and mortality in HIV patients 
with chronic hepatitis C on antiretroviral 
therapy AIDS. 2013;27(7):1129-34. 

13. Seef LB .Natural history of chronic 
hepatitis. Hepatology. 2002;36(S1):S35-
46.  

14. Obienu O, Nwokediuko S. Selected 
biochemical and hematological abnormali-
ties in Nigerians with human immune-
deficiency virus and hepatitis C virus co-
infection. Hepatic Medicine and Research. 
2011;3:63-68. 

15. Mabayoje VO, Akindele RA, Akinleye CA, 
Muhibi MA, Owojuyigbe TO, Fadiora SO. 
Epidemiological factors and liver enzymes 
in patients co-infected with HIV/AIDS in a 
Tertiary Teaching Hospital. Standard 
Scientific Research and Essays. 2013;14: 
409-114. 

16. Taye S, Lakew M. Impact of hepatitis C 
virus co-infection on HIV patients before 
and after highly active antiretroviral 
therapy: an immunological and clinical 
chemistry observation, Addis Ababa, 
Ethiopia. BMC Immunol. 2013;14:23.  
DOI: 10.1186/1471-2172-14-23. 

17. Akinbami AA, Oshinaike OO, Adeyemo 
TA, Adediran A, Oshikomaiya BI, Ismail 
KA. Seroprevalence of hepatitis C infection 
in HIV patients using a rapid one-step test 
strip kit Nig Q J Hosp Med. 2010; 
20(3):144-6. 

18. Pan G, Kilby M, McDonald JM. Modulation 
of osteoclastogenesis induced by 
nucleoside reverse transcriptase inhibitors. 
AIDS Res Hum Retroviruses. 2006;22: 
1131-1141. 

19. Garfein RS, Vlahov D, Galai N, Doherty 
MC, Nelson KE. Viral infections in short-
term injection drug users: the prevalence 
of the hepatitis C, hepatitis B, human 
immunodeficiency, and human T-
lymphotropic viruses. Am J Public Health. 
1996;86(5):655-61. 

20. Fakruddin JM, Laurence J. HIV envelope 
gp120-mediated regulation of osteoclasto-
genesis via receptor activator of nuclear 
factor kappa B ligand (RANKL) secretion 
and its modulation by certain HIV    
protease inhibitors through interferon-
gamma/RANKL cross-talk. J Biol Chem. 
2003;278:48251-48258. 

21. Jain RG, Lenhard JM. Select HIV protease 
inhibitors alter bone and fat metabolism ex 
vivo. J Biol Chem. 2002;277:19247-19250. 

22. Wang MW, Wei S, Faccio R, et al. The HIV 
protease inhibitor ritonavir blocks 
osteoclastogenesis and function by 
impairing RANKL-induced signaling. J Clin 
Invest. 2004;114:206-213. 

23. Shiau S, Broun EC, Arpadi SM, Yin MT. 
Incident fractures in HIV-infected 
individuals. AIDS. 2013;27(12):1949–57. 
DOI: 10.1097/qad.0b013e328361d241. 

24. Hernandez CJ, Beaupre GS, Carter DR. A 
theoretical analysis of the relative 
influences of peak BMD age-related bone 
loss and menopause on the development 
of osteoporosis. Osteoporos Int. 2003; 
14:843-47.  

25. Palacios S, Henderson VW, Siseles N, Tan 
D, Villaseca P. Age of menopause and 
impact of climacteric symptoms by 
geographical region. Climacentric. 2010; 
13(5):419-28.  

26. Victoria MB1, Victoria Fda S, Torres KL, 
Kashima S, Covas DT, Malheiro A. 
Epidemiology of HIV/HCV coinfection in 
patients cared for at the Tropical Medicine 
Foundation of Amazonas. Braz J Infect 
Dis. 2010;14(2):135-40. 

27. Bhattacharya D, Umbleja T, Carrat F, 
Chung RT, Peters MG, Torriani F, 
Andersen J, Currier JS. Women 
experience higher rates of adverse events 
during hepatitis C virus therapy in HIV 
infection: a meta-analysis. J Acquir 
Immune Defic Syndr. 2010;55(2):170-5. 

28. O'Neill TJ1, Rivera L1, Struchkov V2, 
Zaheen A3, Thein HH4 The effect of HIV-
hepatitis C co-infection on bone mineral 
density and fracture: a meta-analysis. 
PLoS One. 2014;9(7):e101493. 



 
 
 
 

Mabayoje et al.; BJMMR, 7(1): 72-81, 2015; Article no.BJMMR.2015.309 
 
 

 
81 

 

29. Kwan TS, Padrines M, Theoleyre S, et al. 
RANKL, TNF-alpha/IL-1: interrelations in 
bone resorption pathophysiology. Cytokine 
Growth Factor Rev. 2004;15:49-60. 

30. Fakruddin JM, Laurence J. HIV-1 Vpr 
enhances production of receptor 
ofactivated NF-kappaB ligand (RANKL) via 
potentiation of glucocorticoid receptor 
activity. Arch Virol. 2005;150:67–78. 

31. Gallego-Rojo FJ, Gonzalez-Calvin JL, 
Munoz-Torres M, Mundi JL, Fernandez-
Perez R, et al. Bone mineral density, 
serum insulin-like growth factor I, and bone 
turnover markers in viral cirrhosis. 
Hepatology. 1998;28(3):695-9.  

32. Gonzalez-Calvin JL, Gallego-Rojo F, 
Fernandez-Perez R, Casado-Caballero F, 
Ruiz-Escolano E, et al. Osteoporosis, 
mineral metabolism, and serum tumor 
necrosis factor receptor p55 in viral 
cirrhosis. J Clin Endocrinol Metab. 
2004;89:4325. DOI: 10.1210/jc.2004-0077 

33. Lo Re V, Volk J, Newcomb CW, Yang YX, 
Freeman CP, et al. Viral hepatitis is 
associated with reduced bone mineral 
density in HIV-infected women but not 
men. AIDS. 2009;23:2191-8.  

34. Kelleher TB1, Mehta SH, Bhaskar R, 
Sulkowski M, Astemborski J, Thomas DL, 
Moore RE, Afdhal NH. Prediction of 
hepatic fibrosis in HIV/HCV co-infected 
patients using serum fibrosis markers: the 
SHASTA index. J Hepatol. 2005;43(1):78-
84.  

35. Barreiro P, Vispo E, Labarga P, Soriano V. 
Management and treatment of chronic 
hepatitis C in HIV patients. Liver Dis. 
2012;32(2):138-146. 

36. Norton B, Naggie S. The clinical 
management of HCV in the HIV-infected 
patient. Antivir Ther; 2014.  
DOI: 10.3851/IMP2910. [Epub ahead of 
print] 

 

© 2015 Mabayoje et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=941&id=12&aid=7983 
 


