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Introduction

Low bone mineral density (BMD) is prevalent in 
human immunodeficiency virus (HIV)-infected 
subjects and the increased risk of osteoporosis 

and fractures associated with HIV infection, and some 
antiretroviral agents, is well established [16, 28]. 

Osteoporosis is a common skeletal disorder which 
increases the risk of fractures [2, 21, 30]. It is char-
acterized by impaired bone strength, which is de-

termined by both bone density and bone quality. 
Primary osteoporosis is usually associated with post-
menopausal oestrogen loss (osteoporosis type 1) or 
age-related deterioration of bone architecture (os-
teoporosis type 2); idiopathic osteoporosis in young 
people is rare [29]. Secondary osteoporosis may be 
due to endocrine disorders, such as hypercorticism, 
hypogonadism and hyperthyroidism; malabsorption 
syndrome leading to calcium deficiency; severe im-
mobility resulting in disturbed bone metabolism [18, 

Antiretroviral therapy and bone health
N. Yancheva1, N. Temelkova2, D. Strashimirov1, I. Gabarska1, T. Tchervenyakova1

1Department of AIDS, “Professor Ivan Kirov” Specialized Hospital for Infectious and Parasitic Diseases,  
Medical University – Sofia, Bulgaria 

2Department of Clinical Densitometry and Metabolic Disorders, Aleksandrovska University Hospital  – Sofia, Bulgaria 

Abstract. Objective: To determine the incidence of osteopenia and osteoporosis in Bul-
garian human immunodeficiency virus (HIV)-infected patients. Methods: Bone mineral 
density (BMD) was measured by dual-energy X-ray absorptiometry in 41 Bulgarian HIV-in-
fected patients. Results: Overall, 27% of patients had reduced BMD (7% osteoporosis and 
20% osteopenia). There was a significant correlation between low BMD and increasing age 
and between low BMD and duration of antiretroviral therapy (ART) but no correlation with 
gender, therapy regimen or serum calcium or phosphate levels. Seventy-one percent had 
elevated serum cystatin C levels but there was no correlation between BMD and cystatin C 
levels. Serum calcium, phosphate, cystatin C and creatinine levels and the T- and Z-scores 
were tested for dependence on duration of therapy. Dependence was found for T- and Z-
scores, (p = 0.048 and p = 0.038) but not for calcium, phosphate, cystatin C or creatinine 
levels. These variables were subsequently tested by means of cross-tabulation tables for 
correlations between pairs of parameters; no significant correlation was found between any 
pairs (R > 0.5 for all comparisons). Conclusions: Significant correlations were observed 
between low BMD and increasing age and longer duration of ART but no relationship was 
observed with gender or therapy regimen. 

Key words: HIV, antiretroviral therapy, bone mineral density, renal function

Corresponding author: Nina Yancheva-Petrova, MD, PhD, Chief of Department of HIV/AIDS, “Prof. 
Ivan Kirov” Specialized Hospital for Infectious and Parasitic Diseases, Assistant Professor, Depart-
ment of Infectious Diseases, Parasitology and Tropical Medicine, Medical University, 17 Acad. Ivan 
Geshov Blvd, 1431 Sofia, Bulgaria, tel.: +35 98785 0904, e-mail dr.yancheva@abv.bg

10.2478/amb-2019-0001



6 N. Yancheva, N. Temelkova, D. Strashimirov et al.

30]. Prolonged glucocorticoid treatment is the most 
common cause of iatrogenic osteoporosis. Some 
congenital diseases such as osteogenesis imperfec-
ta are also associated with osteoporosis [22, 33]. Os-
teoporosis is usually generalised but localised forms 
can also occur [20]. 

Osteoporosis is characterised by a decrease in 
BMD, which can be quantified as a T-score or a Z-
score. The T-score is the number of standard de-
viations (SDs) above or below the mean BMD for 
a healthy 25-29-year-old adult of the same sex and 
ethnicity  [19], while the Z-score is the number of 
SDs above or below the mean for the patient’s age, 
sex and ethnicity. According to the World Health Or-
ganization (WHO) classification, a T-score of -1.0 or 
higher indicates a normal BMD, while osteopenia is 
defined as a T-score between -1.0 and -2.5 and os-
teoporosis is a T-score of -2.5 or lower [37]. Severe 
osteoporosis is defined as a T-score ≤ -2.5 SDs, 
with a fracture.

Data from a number of cross-sectional studies in-
volving both young and elderly HIV-infected patients 
showed a high incidence of reduced BMD [3, 4, 16, 
24, 26]. According to one study, osteoporosis is three 
times more common among HIV-infected patients 
compared with HIV-negative controls, especially in 
patients receiving anti-retroviral therapy (ART) [3]. 
ART has been associated with a 2-6% decrease in 
BMD during the first two years of treatment, which is 
similar to the decrease in BMD that occurs during the 
first two years of the menopause [25]. Other studies 
show a higher incidence of fractures in HIV-infected 
patients compared with HIV-negative controls (30-
70% increase in risk) [3]. 

The causes of low BMD in HIV-infected patients are 
multifactorial and constitute a complex of interactions 
between the HIV infection itself, traditional osteopo-
rosis risk factors (poor diet and low weight, smoking, 
alcohol use and low vitamin D levels) and ART [3, 
4, 24, 26, 38]. Osteopenia is also commonly found 
in ART-naive patients, indicating that uncontrolled 
viraemia may affect BMD, possibly mediated by the 
effect of systemic inflammation on bone remodel-
ling [26]. HIV proteins increase the resorptive activ-
ity of osteoclasts and decrease bone formation by 
promoting osteoblast apoptosis [25]. In addition, the 
increased levels of tumour necrosis factor induce in-
creased osteoclast-mediated bone resorption without 
the associated elevation of bone formation [25].

Co-morbid conditions in patients with HIV infection 
also affect BMD. Serum vitamin D levels are frequently 
low in HIV-infected patients [34, 38, 39, 40]. According 
to many international studies, 60-75% of HIV-infected 

patients have lower vitamin D levels than healthy indi-
viduals without HIV infection [34]. This percentage is 
even higher in the Bulgarian population, at 83% [38]. 
Other causes of low BMD in HIV-infected patients in-
clude hypogonadism and lipoatrophy [4, 25]. The on-
set of the ART sometimes induces a statistically and 
clinically significant loss of BMD, regardless of the ini-
tial treatment regimen [3] and some studies indicate 
that the risk may be higher with regimens containing 
the nucleoside reverse transcriptase inhibitor, tenofo-
vir disoproxil fumarate (TDF) [14, 28]. 
Renal tubular toxicity has also been reported with 
ART, including the TDF-containing regimens [7, 10, 
15] and may increase the risk of bone loss; the risk 
of nephrotoxicity is increased in patients with pre-ex-
isting chronic kidney disease, an important comorbid 
condition in the HIV-positive population [1, 7, 10, 11, 
15, 36]. Consequently, we also evaluated factors re-
lated to kidney function, including the measurement 
of serum cystatin C levels. Cystatin C is a 13 kDa 
protein which is freely filtered across the glomeruli, 
reabsorbed and fully catabolised by the proximal re-
nal tubules [1, 8]. It is a more reliable and specific 
marker of renal function, particularly of early renal 
impairment, than serum creatinine, since its produc-
tion is constant and its concentration is dependent 
only on the glomerular filtration rate (GFR) and is not 
influenced by sex, age, race, protein intake or muscle 
mass [8, 17, 31]. Serum cystatin C levels may there-
fore be more sensitive to a decrease in GFR than 
serum creatinine levels. 

The aim of our study was to analyse BMD in HIV-
infected Bulgarian patients. We measured BMD at 
the spine and hip by dual-energy X-ray absorptiom-
etry (DEXA) scanning, which is rapid, accurate, and 
sensitive and involves very low radiation exposure [2, 
23]. As mentioned above, we also evaluated factors 
related to kidney function.

Material and methods

BMD was measured in 41 HIV-infected patients treat-
ed at the Department of Acquired Immune Deficien-
cy at the Professor Ivan Kirov Specialized Hospital 
for Infectious and Parasitic Diseases, Sofia. DEXA 
scans were performed at the Department of Clinical 
Densitometry and Bone Metabolic Diseases of Alek-
sandrovska University Hospital, Sofia. 

In addition to the routine laboratory tests that were 
performed during HIV monitoring, serum cystatin C, 
calcium and phosphate levels were measured. The 
laboratory tests were carried out in the clinical labora-
tory of the Professor Ivan Kirov Specialized Hospital 
for Infectious and Parasitic Diseases.
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This work was carried out in accordance with The 
Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving 
humans; informed consent was obtained from all par-
ticipants prior to enrolment.

Statistical analysis

The results were analysed statistically using the de-
scriptive analysis methods of the frequency of the 
distribution of the studied parameters (variables), 
evaluation of the correlation between the variables 
by determining the correlation coefficient, c2 test and 
Friedman’s two-factor analysis of variance.

Results

Laboratory and BMD measurements were performed 
on 41 patients, 32 men and 9 women. The patient 
characteristics are shown in Table 1.

All patients included in this study received ART; in total 
there were 15 different antiretroviral regimens, sum-
marised in Table 2. The mean duration of ART was 
46.8 ± 46.5 months, with a range of 7–204 months. 

In most patients (30; 73%), the BMD was in the nor-
mal range. In total, 27% of patients had reduced 
BMD, of which 3 (7%) had osteoporosis and 8 (20%) 
had osteopenia. The distribution of patients accord-
ing to BMD is presented in Table 3.

Table 1. Patient characteristics 

All patients  
(n = 41)

TDF-based regimen  
(n = 24)

Non-TDF-based regimen 
(n = 17)

Mean age, years 38.7 37.8 40.1
Gender male/female, n 32/9 18/6 14/3
Mean CD4 count at start of treatment per mm3 305 ± 101 305 ± 101 297 ± 170
Mean viral load at start, copies/ml 67,364 ± 51,351 66,228 ± 51,616 68,967 ± 52,513
Mean duration of ART, months 46.8 ± 46.5 36.6 ± 39.0 61.2 ± 61.2
Mean serum creatinine, mmol/l 76.46 ± 14.89 79.2 ± 17,7 72.5 ± 8,6
Mean eGFR, ml/min 108 ± 26,4 106.1 ± 31,1 110.5 ± 18.5
Mean cystatin C, mg/l 1.21 ± 0.39 1.29 ± 0.34 1.12 ± 0.43
Mean serum phosphate, n (%)
> 1.45 mmol/l
0.87-1.45 mmol/l
< 0.87 mmol/l

5 (12.2)
30 (73.2)
6 (14.6)

1 (4.1)
20 (83.3)
3 (12.5)

4 (23.5)
10 (58.8)
3 (17.6)

Mean serum calcium, n (%)
> 2.6 mmol/l
2.2-2.6 mmol/l

23 (56.1)
18 (43.9)

14 (58.3)
10 (41.7)

9 (52.9)
8 (47.1)

Abbr.: ART, antiretroviral therapy; eGFR, estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate

Table 2. Antiretroviral treatment regimens 

Regimen Number of patients %
TDF/FTC+EFV 2 4.9
3TC/ABC+RAL 1 2.4
TDF/FTC+ATZ/r 1 2.4
TDF/FTC+RAL 4 9.8
TDF+AZT+LPV/r 1 2.4
3TC/ABC+EFV 3 7.3
TDF/FTC+LPV/r 4 9.8
3TC/ABC+DRV/r 6 14.6
TDF/FTC+DRV/r 10 24.4
TDF/FTC+DTV 2 4.9
DRV/r+RAL 1 2.4
3TC/ABC+RPV 2 4.9
3TC/ABC+LPV/r 2 4.9
3TC/AZT+ATZ/r 1 2.4
3TC/ABC+ATZ/r 1 2.4

Abbr.: 3TC, lamivudine; ABC, abacavir; ATZ/r, atazanavir/ritonavir; AZT, zidovudine; DRV/r, darunavir/ritonavir; DTV, dolutegravir; 
EFV, efavirenz; FTC, emtricitabine; LPV/r, lopinavir/ritonavir; RAL, raltegravir; RPV, rilpivirine; TDF, tenofovir disoproxil fumarate
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Table 4 shows the age, ART regimen and duration 
of therapy in patients with osteopenia or osteoporo-
sis. Eight of the patients with reduced BMD had been 
treated with a TDF-containing regimen; eight had re-
ceived a protease inhibitor (PI)-based ART regimen, 
which was lopinavir/ritonavir (LPV/r) in five cases. 
Three patients with osteopenia had received an ART 
regimen based on the non-nucleoside reverse tran-
scriptase inhibitor, efavirenz (EFV).

Most patients (n = 29,71%) had elevated levels of se-
rum cystatin C (upper limit of normal 0.96 mg/l); the 
mean level was 1.16 ± 1.09 mg/l, with a range of 1.0-
2.25 mg/l. Serum creatinine and alkaline phospha-
tase levels were in the normal range in all patients 
in this study. The mean serum creatinine level was 
76.46 ± 14.89 μmol/l, with a range of 42.30-122.90 
μmol/l. Serum calcium levels were above normal (> 
2.6 mmol/l) in 44% of patients; serum phosphate lev-
els were above normal in 15% and below normal in 
12% of patients (Table 1). 

In order to evaluate a possible association between 
BMD and age, patients were divided in three age 

groups as follows: < 40, 40-50 and > 50 years; a pos-
itive correlation was observed between increasing 
age and BMD (p = 0.017). However, no correlation 
was found between BMD and the therapeutic regi-
men (p = 0.076). No statistically significant relation-
ships were observed between BMD and gender (p = 
0.557), BMD and serum calcium levels (p = 0.688), 
BMD and serum phosphate (p = 0.858) or BMD and 
cystatin C levels (p = 0.980). 

We tried to analyse the allocations of these parame-
ters using Friedman’s two-factor analysis of variance, 
with the null hypothesis that the parameters tested 
were of identical distribution. The null hypothesis was 
rejected (p = 0.0001), i.e. they were not identical. A 
statistically significant relationship between the indi-
cators was not detected (p = 0.200).

Serum calcium, phosphate, cystatin C and creatinine 
levels and the T- and Z-scores were tested for depen-
dence on the duration of therapy. For T- and Z-scores 
dependence was found (p = 0.048 and p = 0.038). 
No dependence was found for calcium (p = 0.735), 
phosphate (p = 0.083), cystatin C (p = 0.244) or cre-

Table 3. Patient characteristics according to BMD 

Normal BMD (n = 30) Osteoporosis (n = 3) Osteopenia (n = 8)
Mean T-score –0.68 –2.73 –1.89
Mean Z-score –0.53 –2.53 –1.46
Serum creatinine, mmol/l 76.39 78.63 75.90
eGFR, ml/min 113.63 97.67 90.75
Cystatin C, mg/l 1.18 1.29 1.32
Serum phosphate, mmol/l 1.15 1.12 1.06
Serum calcium, mmol/l 2.47 2.44 2.37

Abbr.: BMD, bone mineral density; eGFR, estimated glomerular filtration rate

Table 4. Details of ART therapy in patients with decreased BMD 

Osteoporosis (n = 3) Osteopenia (n = 8)
Age, years ART regimen Duration, months Age, years ART regimen Duration, months

Male 33
45
54

3TC/ABC + EFV
TDF/FTC + EFV
TDF/FTC + LPV/r

93
26
46

40
43
61
46

3TC/ABC + ATZ/r
TDF/FTC + DRV
3TC/ABC + LPV/r
TDF/FTC + LPV/r

17
23
42
130

Female 40
55
44
39

TDF/FTC + LPV/r
TDF/FTC + EFV
TDF + LPV/r
TDF/FTC + LPV/r

58
63
102
130

Abbr.: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATZ/r, atazanavir/ritonavir; BMD, bone mineral density; 
DRV, darunavir; EFV, efavirenz; FTC, emtricitabine; LPV/r, lopinavir/ritonavir; TDF, tenofovir disoproxil fumarate
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atinine levels (p = 0.277). For BMD, serum calcium 
and cystatin C there is a 99.9% probability of abnor-
malities. The serum calcium, phosphate, cystatin C 
and creatinine levels and the T- and Z-scores were 
subsequently tested by means of cross-tabulation ta-
bles for correlations between any pair of parameters 
– calcium and T-score, calcium and Z-score, calcium 
and phosphate, phosphate and T-score, phosphate 
and Z-score and T- and Z-score. No significant cor-
relation was found between any pair of parameters 
(R > 0.5 for all comparisons).

Discussion

HIV-infected patients are at risk for the development 
of osteopenia and osteoporosis as a result of many 
factors, including HIV infection itself, immune sup-
pression, life-long ART, vitamin D deficiency and hy-
pogonadism [3, 4, 12, 26, 27, 28, 38]. To the best of 
our knowledge, this study is the first investigation of 
the incidence of osteopenia and osteoporosis to be 
undertaken in a Bulgarian HIV population. A relatively 
small number of patients agreed to have their BMD 
measured; this reluctance was probably due to the 
need to attend a different clinic where their diagnosis 
would have to be revealed. Nevertheless, these pre-
liminary results show that osteopenia or osteoporosis 
were present in 27% of HIV-infected patients enrolled 
in the study. 

There was a significant correlation between reduced 
BMD and increasing age, but no correlation with gen-
der or therapy regimen. However, there was a statis-
tically significant relationship between low BMD and 
the duration of ART. Another interesting result of our 
study is the high percentage of patients with elevated 
serum cystatin C (71%), which indicates initial dam-
age to the glomerulus. 

Our results are consistent with other reports from 
South-Eastern Europe [5, 6, 32]. Chiţu-Tișu and col-
leagues observed a similar prevalence of reduced 
BMD (17% osteoporosis and 48% osteopenia) in 60 
HIV-infected patients in Romania. They noted that 
patients with more prolonged exposure to non-nucle-
oside reverse transcriptase inhibitors were at high-
er risk of low BMD [6]. Another group noted a 47% 
prevalence of low lumbar BMD in Romanian patients, 
together with a relatively high prevalence of chronic 
kidney disease. In this study, there was a significant 
correlation between bone-related comorbidities and 
lower nadir CD4 cell counts [32].

Although some studies show greater bone loss in 
patients receiving PI regimens [9], other studies do 
not confirm this finding [27]. Administration of TDF 

was associated with a sharp decrease in BMD and 
several studies have shown that there is greater 
bone loss in patients with long-term viral suppres-
sion treated with TDF-containing regimens, com-
pared with other regimens [14, 36]. Two prospec-
tive studies have shown that patients with an initial 
highly active antiretroviral therapy (HAART) regi-
men containing TDF, have a significantly greater 
reduction in BMD in the hip and spine, than patients 
with ABC-containing regimens [13]. In addition, the 
ACTG5224 study demonstrated that regimens con-
taining the protease inhibitors atazanavir-ritonavir 
(ATZ/r) resulted in a significant decrease in BMD 
in the spine but not in the hip, compared with regi-
mens containing EFV [24].

The mechanisms by which ART regimens lead to 
loss of BMD are not fully understood. However, it 
is thought that TDF affects bone density indirectly 
through proximal tubular toxicity, resulting in a loss 
of phosphate and increased bone turnover [15, 36], 
whereas EFV and PIs are believed to affect BMD 
through effects on the metabolism of vitamin D [35, 
38]. Other antiretroviral drugs (dolutegravir, cobicistat 
and atazanavir) may also be nephrotoxic and have 
indirect effects on bone density [27, 38].

In conclusion, our results show that nearly a third of 
patients treated with ART have osteopenia or osteo-
porosis. The risk of low BMD was correlated with age 
and the duration of therapy but not with the thera-
peutic regimen. Based on our observations and the 
results of other studies, we recommend that BMD is 
measured regularly in HIV-positive patients and that 
calcium and vitamin D supplements are prescribed, 
under the supervision of specialists. 

We intend to continue our research on BMD in HIV-
infected patients by including more patients, as well 
as correlating BMD with the degree of immune sup-
pression and viral load. 
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