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Abstract
Introduction: The prevalence of low bone mass is 3 times higher in people living with human immunodeficiency virus (PLWH) 
and using antiretrovirals than in the HIV-unaffected population. Changes in vitamin D levels is one of the factors associated with 
decreased bone mass. The objective of this study is to evaluate the low bone mass and altered vitamin D levels in PLWH who have 
not been exposed to antiretrovirals. Methods: A cross-sectional study was carried out with HIV-infected individuals between 
the ages of 18 and 55 years immediately prior to the start of antiretroviral therapy in a specialized reference center focusing on 
infectious and parasitic diseases. Results of clinical examination (patient’s weight, height, blood pressure, and clinical history), 
laboratory tests, and X-ray absorptiometry, were collected. Results: Sixty patients were included, with a mean age of 34 years. 
Nine (16.7%) patients presented with low bone mass and 4 (7.1%) patients showed low total femur BMD. Analysis revealed that 
23.3% and 36.7% of the patients had deficient and insufficient levels of 25-hydroxyvitamin D3, respectively. Conclusions: Our 
study population presented with compromised bone health and with low bone mineral density and 25-(OH)-vitamin D levels. 
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INTRODUCTION

Due to the increased survival associated with antiretroviral 
treatment (ART), people living with human immunodeficiency 
virus (PLWH) are increasingly affected by the complications of 
chronic infection as well as of the prolonged use of antiretrovirals 
(ARVs)1,2. Metabolic changes associated with ARV use such as 
dyslipidemia, insulin resistance, lipodystrophy, and alterations 
in mineral and bone metabolism have been described3-6.

The prevalence of low bone mineral density in PLWH 
receiving ARVs is 3 times higher (28%-50%) than in the 
HIV-unaffected population (16%)7,8. Non-traditional causes 
of low bone mass include the direct effects of ARVs and the 
chronic activation of the immune system due to viral infection7. 
Hypogonadism, smoking status, alcoholism, low body mass 

index, imbalance of nutrients in the diet, and changes in vitamin 
D levels are also associated with decreased bone mass9-12.

Insufficiency or deficiency in plasma vitamin D levels 
have reached epidemic proportions, even in tropical regions13. 
Vitamin D status is not determined by the measurement of 
serum 1,25-dihydroxyvitamin D concentrations; it is assessed 
by measuring the prohormone 25-hydroxyvitamin D3 (25-OH 
D3), which is an indicator of supply rather than function. 25-
OH D3 is the most stable and plentiful metabolite of vitamin D 
in human serum, and has a half-life of approximately 3 weeks, 
making it the most suitable indicator of vitamin D status. In the 
past, vitamin D deficiency was identified by the presence of bone 
disease, either rickets or osteomalacia13,14. Bone diseases caused 
by vitamin D deficiency are associated with serum 25-OH D3 
values of below 10 ng/ml. More recently, the term vitamin D 
insufficiency has been used to describe suboptimal levels of 
serum 25-OH D3, which may be associated with other disease 
outcomes. It is still debatable whether vitamin D deficiency or 
insufficiency can be defined precisely on the basis of 25-OH D3 
concentration. A cutoff value of 30 ng/mL is sometimes used 
for defining optimal vitamin status. Many patients have been 
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diagnosed with vitamin D deficiency or insufficiency based on 
measurement of 25-OH D3 concentrations, even when most of 
them have no evidence of disease14-15.

Investigators have considered various functional measures 
to assess the adequacy of vitamin D status16,17. One functional 
definition of optimal vitamin D status is the 25-OH D3 level that 
maximally suppresses parathyroid hormone (PTH) secretion, 
because a low level of serum ionized calcium is the major stimulus 
for PTH secretion. In adults, multiple cross-sectional examinations 
of the relationship between serum PTH and 25-OH D3 levels 
demonstrated a plateau in the suppression of PTH when the 25-OH 
D3 level reaches approximately 30 ng/mL18. This is the rationale for 
selecting 30 ng/mL as the cutoff value for defining optimal vitamin 
D status. However, this definition represents an average value at 
a population level but does not account for the wide variation in 
the 25-OH D3 level that represents adequacy at an individual 
level. Many patients have very low 25-OH D3 values without any 
evidence of increased PTH production, and conversely, 25-OH D3 
levels greater than 30 ng/mL do not guarantee PTH suppression18.

Observational studies have reported very high incidence rates 
of low 25-OH D3 levels in both the general and HIV-infected 
populations5,19,20. Among the possible reasons for this clinical 
condition are low sun exposure, black race, obesity, sedentary 
lifestyle, malabsorption, renal or hepatic alterations, smoking, 
injecting drug use, advanced age, factors directly related to HIV, 
and exposure to ARVs19,20. Both vitamin D and agents used to 
treat HIV and opportunistic infections are metabolized via the 
cytochrome P450 system21; this creates a potential for metabolic 
interactions that could alter the effectiveness of standard vitamin 
D replacement strategies. For example, the protease inhibitor 
and nonnucleoside reverse transcriptase inhibitor classes of ARV 
agents have been linked to 1,25-dihydroxyvitamin D deficiency; 
these drugs accelerate the hydroxylation of vitamin D and its 
metabolites to form non-biologically active compounds22,23. Due 
to the complex interactions of host response, chronic infection, 
and inflammation, and the metabolic consequences of ART, HIV-
infected persons could be predicted to have unique risk factors 
for low 25-OH D3 levels. For example, both obesity and low 
body weight have been associated with vitamin D deficiency 
in PLWH 24,25. Other HIV-specific factors such as current or 
nadir cluster of differentiation 4 (CD4) count, HIV-1 viral load, 
and stage of disease have also been inconsistently associated 
with low 25-OH D3 levels to date24,25. Viard et al26 assessed the 
rates of disease progression in PLWH and demonstrated that 
PLWH with high levels of vitamin D had a lower risk of disease 
progression to AIDS than those with low vitamin D levels26.

Given this context we aimed to evaluate the bone mass and 
changes in vitamin D levels in PLWH who were not receiving ARVs. 

METHODS

A cross-sectional study involving adults living with HIV 
immediately prior to the start of ART was carried out in a 
specialized reference center focused on infectious and parasitic 
diseases between 2014 and 2015.

HIV-infected individuals of both sexes between the ages of 18 
and 55 years who were not yet exposed to ARVs were eligible for 

this study, regardless of the time of HIV diagnosis and prior use of 
calcium or vitamin D supplements. Patients using corticosteroids 
or patients who were previously diagnosed with other pathological 
conditions that could alter bone metabolism (neoplasms and renal 
or hepatic insufficiency) were excluded from the study.

Ethical considerations

This project was approved by the ethics committee of the 
Federal University of Minas Gerais, under the number 389.763.

Data collection was performed in the following 3 steps: 
clinical evaluation, laboratory tests (blood/plasma and urine 
samples), and dual-energy X-ray absorptiometry. For clinical 
examination, information on weight, height, blood pressure, 
clinical history, date of HIV diagnosis, and family history 
were collected. After a 12-hour fast and clinical consultation, 
blood/plasma and urine samples were collected from the 
patients. Tests were performed for complete blood count, 
CD4+ lymphocyte counts, and viral load as well as for 
measurement of D-dimer, fibrinogen, 25-OH D3, PTH, calcium, 
phosphorus, and potassium levels. The complete blood count 
was determined by flow cytometry using the CELL-DYN 
Ruby analyzer (Abbott Core Laboratory: Abbott©, Abbott 
Park, Illinois, USA) Diagnostics D-dimer concentrations were 
measured using quantitative enzyme-linked immunosorbent 
assay (ELISA). Fibrinogen levels were evaluated using a 
coagulometric method. The level of 25-OH D3 was measured 
by the chemiluminescence method using a commercial 25-OH 
D3 kit and automatic analyzer (Cobas 6000, model E601, Roche 
Diagnostics © Risch-Rotkreuz, Suíça). The cutoff levels for 
vitamin D insufficiency and deficiency were 21-29ng/ml and 
≤20ng/ml, respectively14,15. PTH levels were evaluated using 
the Human Bone Metabolism Kit (Merck Millipore ©, Brazil). 
The concentrations ​​of calcium, phosphorus, and potassium were 
measured by the colorimetric method using Vitros 5600/Vitros 
5.1 FS (Orthoclinical Diagnostics [Johnson©, Brazil]). The 
CD4+ T lymphocyte count was determined by flow cytometry 
using the Multitest® Kit and the viral load was determined by 
chemiluminescence using the Versant® HIV-1 RNA 3.0 Kit.

Dual-energy X-ray absorptiometry was performed using 
the Discovery W Dual-Energy X-ray Absorptiometer (Hologic 
Inc., Waltham, Massachusetts, USA), and evaluated using 
APEX 3.3 software (Hologic Inc., Waltham, Massachusetts, 
USA). The bone mass measurement [bone mineral density 
[BMD]) was interpreted according to the recommendations 
of the International Society for Clinical Densitometry 2013 
criteria27. BMD was evaluated for the lumbar spine (between 
the L1 and L4 vertebrae), femoral neck, and total femur using 
standardized positioning techniques. BMD was expressed in g/
cm2 and in Z-score and T-score values, according to the age of 
the patient28,29. Low bone mass was defined by a Z-score ≤-2.0 
in patients younger than 50 years29.

The categorical data collected was described as frequency 
and percentage whereas numerical data was described by means 
of central tendency (mean or median) and dispersion measures 
(standard deviation or 25th and 75th percentiles), respecting the 
normality test (Shapiro-Wilk) of the distribution of these variables.
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TABLE 1: Bone mineral density, markers of bone metabolismin adults living with HIV who have not been exposed ARVs (2014-2015).

Variable n Mean SD Median Lowest 
value

Highest value BMD values below 
normal for age (%)

Bone mass (DXA)
Lumbar spine BMD (g/cm2)

60
60 0.98 0.12 - - - -

Total femoral BMD (g/cm2) 60 0.98 0.14 - - - -

Lumbar Z-score (L1-L4) 60 -0.78 1.14 - - - 16.7

Total femoral Z-score 60 -0.29 1.05 - - - 7.1

Markers of bone metabolism
25-OH D3 (ng/ml)
Calcium (mg/dl)

60
60

-
-

-
-

28.1
9.5

7.0
8.6

61.3
11.1

60.0
3.3

Phosphorus (mg/dl)
PTH (pg/ml)

60
60

-
-

-
-

3.8
27.3

2.7
8.1

5.0
60.2

1.7
1.7

HIV: human immunodeficiency virus; ARVs: antiretrovirals; n: adults living with HIV; SD: standard deviation; BMD: bone mineral density; DXA: dual-energy 
X-ray absorptiometry; 25-OH D3: 25-hydroxyvitamin D3; PTH: parathyroid hormone. Cutoff points: <29ng/ml 25-OH D3; hypocalcemia <8,6mg/dl calcium; 
hypophosphatemia <3.0mg/dl phosphate; hypoparathyroidism <8.5mg/dl PTH

Continuous variables with normal distribution were 
compared using the Student's t-test; continuous variables with 
non-normal distribution were compared using the Wilcoxon test. 
The difference between the means was evaluated by analysis of 
variance (ANOVA). The frequencies were compared using the 
Chi-Square or Fisher test, whichever appropriate.

We used the Spearman’s correlation test to analyze the 
association between the quantitative variables of the study. 
For all the statistical tests applied, a significance level of 5% 
was considered.

RESULTS

Sixty patients were included in the study, with a mean age of 
34 years (range, 19-55 years). Of the 60 patients, 48 (80%) were 
men, 39 (65%) had completed more than 10 years of schooling, 
and 29 (48%) were black or brown. Of the 60 patients, changes 
in 25-OH D3 levels were observed in 36 (60%) patients, of 
which 14 (23.3%) showed deficiency and 22 (36.7%) showed 
insufficiency. The median time to HIV diagnosis was 19 months 
[95% confidence interval (95% CI), 19.5-20]. Sexual contact 
(95%) was the main cause of HIV transmission; of these, 47 
(63%) patients acquired the infection through homo/bisexual 
relationships. Ten (17%) patients were smokers, 5 (7%) had 
hypertension, and 4 (6.7%) had pre-existing dyslipidemia. Three 
(5%) patients reported alcohol abuse and 42 (70%)patients 
reported making use of alcohol in a "social" way.

The median viral load was 40.610 copies/ml (95% CI, 
16.360-101.069) and median CD4+ lymphocyte count was 439 
cells/mm3 (95% CI, 258-543). Based on clinical categories30, 
51 patients were asymptomatic (97%). According to the BMI 
classification, 18 (30%) of 60 patients were overweight or 
obese based on the anthropometric variables collected (weight 
and height)31. Table 1 describes the prevalence of spinal BMD 
(L1-L4), femoral neck BMD, and total femur BMD deficiencies 
as well as the bone markers evaluated in the study population 
(n=60). The prevalence of low spinal BMD (L1-L4) and total 
femur BMD were 16.7% and 7.1%, respectively . 

The mean and median creatinine clearance levels were27 
estimated to be 119.57 ml/min and 115.34 ml/min, respectively. 
All patients had creatinine clearance values higher than 60 
ml/min. Twelve patients (17.1%) showed alterations such as 
hematuria, proteinuria, or glycosuria in the urine test.

Table 2 presents the description of bone metabolism markers 
according to the prevalence of low BMD in PLWH. There 
was no statistical difference between the analyzed variables 
(p>0.05). Table 3 presents the description of bone metabolism 
markers according to the levels of 25-OH D3 in PLWH. It 
was observed that subjects with vitamin D insufficiency had 
decreased D-dimer levels (p <0.05) compared to individuals 
without vitamin D insufficiency. Contrastingly, individuals 
having sufficient concentrations of vitamin D had significantly 
lower levels of fibrinogen (p<0.05) than the individuals 
having altered vitamin D levels. There was no statistical 
difference between individuals who presented with and without 
alterations in vitamin D levels with respect to PTH, calcium, 
and phosphorus levels.

Table 4 shows the association between the levels of 25-OH 
D3 and BMD of patients by means of Spearman’s correlation.

DISCUSSION

As the main finding of this study, we observed a high 
prevalence (60%) of alterations in serum levels of 25-OH 
D3; in the study population, 23% and 37% of the patients 
showed deficiency and insufficiency of this micronutrient, 
respectively. Vitamin D is considered as an immunomodulator 
that affects several subpopulations of hematopoietic cells, such 
as monocytes, macrophages, and B and T lymphocytes. The role 
of vitamin D in defense mechanisms against different types of 
infections, including HIV infection, has been studied32. One 
of the most widely known defense mechanisms is through the 
production of cathelicidin (LL-37), a 1,25-dihydroxyvitamin 
D-dependent antimicrobial peptide synthesized by monocytes 
and activated macrophages in response to pathogenic agents 
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TABLE 2: Description of bone metabolism markers according to bone mineral density in adults living with HIV who have not been exposed to ARVs (2014-2015).

Variables
Unaltered Low bone mass

p*
N mean SD N mean SD

Lumbar

vitamin D 45 28.4 10.3 9 24.6 7.1 0.8487

parathyroid hormone 45 28.1 11.2 9 20.3 9 0.9714

calcium 45 9.4 0.4 9 9.5 0.2 0.4161

phosphorus 45 3.8 0.5 9 3.6 0.4 0.8416

fibrinogen 44 186.5 127 9 230 84.7 0.1659

D-dimer 42 422.6 633.1 9 415.1 276 0.5138

Total femur

vitamin D 52 27.3 8.6 4 22.1 10.6 0.8729

parathyroid hormone 52 27 10.9 4 22.6 15.9 0.7721 

calcium 52 9.5 0.4 4 9.7 0.2 0.2056

phosphorus 52 4.5 0 4 3.8 0.6 0.1096

fibrinogen 51 197.7 121.7 4 187.7 122.3 0.5626

D-dimer 50 434.4 598.6 3 419.9 102.9 0.5165

Femur neck

vitamin D 51 26.9 8.9 5 27.3 7.6 0.4689

parathyroid hormone 51 26.6 10.8 5 27.8 15.4 0.4131

calcium 51 9.5 0.4 5 9.7 0.2 0.1694

phosphorus 51 4.5 0 5 3.8 0.6 0.1320

fibrinogen 50 201.1 119.9 5 156.2 133.8 0.7837

D-dimer 50 436.4 598.1 3 387.2 156.6 0.5558

HIV: human immunodeficiency virus; ARVs: antiretrovirals; SD: standard deviation. *Student’s t test.

TABLE 3: Description of markers of bone metabolism according to 25-hydroxyvitamin D3 levels in adults living with HIV who have not been exposed to 
ARVs (2014-2015).

Variables
Sufficiency (n=24) Insufficient (n=22) Deficiency (n=14)

p*

mean SD mean SD mean SD

Parathyroid hormone 29.5 10.9 25.1 10.3 9.5 0.3  0.4496

Calcium 9.4 0.4 9.5 0.5 9.5 0.3  0.6335

Phosphorus 4.2 0.3 3.8 0.6 3.6 0.9  0.4892

Fibrinogen 132.9 115.2 232.2 103.2 219.4 128.3  0.0129

D-dimer 492.1 829.1 342.3 240.1 459.7 337.1  0.0000

Neck BMD 0.9 0.2 0.9 0.1 0.8 0.1  0.7903

Lumbar BMD 1 0.1 0.9 0.1 0.9 0.1 0.7703

HIV: human immunodeficiency virus; ARVs: antiretrovirals; SD: standard deviation; BMD: bone mineral density; *ANOVA, Bonferroni–one way. 
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TABLE 4: Univariate analysis of dosage of 25-hydroxyvitamin D3 and bone mineral density of adults living with HIV who have not been exposed to ARVs 
(2014-2015).

Sufficient vit D Lumbar BMD p*

Lumbar BMD 0.3322 <0.0001

Femoral BMD 0.3800 0.7947 <0.0001

Insufficient vit D Lumbar BMD

Lumbar BMD -0.1488 <0.0001

Femoral BMD -0.1226 0.8076 <0.0001

Deficient vit D Lumbar BMD

Lumbar BMD 0.0416 <0.0001

Femoral BMD 0.1540 0.7487 <0.0001

HIV: human immunodeficiency virus; ARVs: antiretrovirals; SD: standard deviation; vit: vitamin; BMD: bone mineral density. *Spearman correlation.

that cause infections, including HIV. Recent studies have 
demonstrated the ability of LL-37 to inhibit HIV-1 replication 
in CD4 lymphocytes and macrophages. Hence, sub-optimal 
levels of vitamin D could affect the immune response in patients 
infected with HIV33. 

It is known that many HIV-infected individuals have 
insufficient or deficient levels of vitamin D; this fact is relevant 
considering that vitamin D may be an inflammatory marker34,35. 
However, we aimed to draw attention to the mean age of the 
patients in the study population (34 years) as well as the absence 
of exposure to ART. Dark pigmentation of the skin, obesity, 
low sun exposure, low intake of vitamin D, injecting drug use, 
sedentary lifestyle, smoking, kidney disease, liver disease, and 
intestinal malabsorption15 are the traditional risk factors of 
low vitamin D levels; in addition HIV infection may reduce 
vitamin D levels by inducing the production of pro-inflammatory 
cytokines such as TNF-α which inhibits renal hydroxylation, as 
well as the decrease in serum levels due to the association of the 
activity of macrophages and lymphocytes and the progression of 
infection14. We should also mention the change in the reference 
value of 25-OH D3 serum levels: classification of insufficient 
vitamin D levels ​​is considered absent, omitting risk values. 
In clinical practice, it is necessary to consider the risk factors 
mentioned above in addition to the serum vitamin D levels 
evident by laboratory examination while making the decision 
to use supplements to treat the symptoms of fatigue, muscular 
weakness, chronic pain, and possible bone fractures.

However, more studies are needed to fully define the 
relationship between HIV infection and vitamin D metabolism, 
considering that the available studies were conducted for a short 
time period and in a small sample population36. To date, there is 
no consensus on what the serum reference level should be for 
25-OH D3 in PLWH. However, it is known that the lower limit 
should be the one that maintains normal serum calcium levels 
and, consequently, does not induce PTH release36. It is unclear 
whether HIV infection itself contributes to low BMD; however, 
HIV-infected individuals have a high prevalence of risk factors 

for low BMD, such as poor nutrition, low body weight, high 
rates of tobacco and alcohol use, and low vitamin D levels. In 
addition, initiation of ART is associated with up to 6% reduction 
in BMD during the first 2 years of treatment, which varies with 
the specific ART medications used37.

The Z-score analysis of BMD revealed that 16.7%, 
9.0%, and 7.1% of the patients had reductions in bone mass 
in the lumbar spine (L1-L4), femoral neck, and total femur, 
respectively. Brown et al38, when studying 33 HIV-infected 
individuals who were not using ARVs, found a lower prevalence ​​
of low BMD (9% lumbar spine, 1% hip, and 2% femur) than 
that found in our study. The importance of the data evaluated 
in our study is emphasized, especially since it is a population 
with a recent date of HIV infection diagnosis. One possible 
reason for the difference between these findings may be that 
viral proteins are able to directly stimulate osteoclastic activity 
and inhibit osteoblastic activity. In addition, HIV-positive 
patients show elevated levels of inflammatory cytokines such 
as interleukin-6 and tumor necrosis factor-α, which are capable 
of promoting osteoclast formation, and thus, contribute to bone 
reabsorption7,15.

Hileman et al34 demonstrated decreased BMD in 33.3% of 
PLWH with a median age of 40 (25-50), which is higher than 
the median age in our study. In agreement with our findings, the 
authors also did not find an association between vitamin D status 
and alterations in the BMD, although their study population 
had a high prevalence of vitamin D deficiency. Many previous 
studies have evaluated BMD in HIV-infected patients; however, 
unlike our study, more than 90% of the evaluated patients were 
receiving ART9,39.

The description of biomarker profile is necessary, especially 
for establishing the prognosis of these patients with low 
bone mass. However, the reference values ​​are for biomarker 
levels are not known. The absence of a control group and the 
relatively small sample population are the limitations of our 
study. However, our results revealed that, although young 
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and unexposed to ARVs, the study population presented 
with compromised bone health, low BMD, and low levels of 
25-(OH)-vitamin D. 

Therefore, we suggest that longitudinal interventions be 
considered in the care of PLWH of any age and at any time of 
infection for the prevention and early diagnosis of low BMD 
and vitamin D deficiency.
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