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Vitamin D deficiency in  
HIV-infected individuals: one 
more risk factor for bone loss 
and cardiovascular disease?
Deficiência de vitamina D em indivíduos infectados pelo HIV:  
mais um fator de risco para perda óssea e doença cardiovascular?

Tereza Conrado1, Demócrito de Barros Miranda-Filho1, Francisco Bandeira2

Summary
The epidemiological profile of the HIV virus has undergone substantial modifications with ad-
vances in antiretroviral therapy. There has been a sharp decline in morbi-mortality levels of HIV-
infected patients, which has resulted in higher survival rates. The HIV seropositive population 
is living longer and more exposed to chronic complications caused by the disease itself and 
the prolonged use of antiretrovirals. Initially, metabolic alterations were reported, increasing 
cardiovascular disease risk. Subsequently, damage on bone metabolism was related. Vitamin 
D insufficiency has now reached epidemic proportions, even in healthy individuals living in 
the tropics. Recent data suggest the hypovitaminosis D association with metabolic syndrome, 
immune diseases, diabetes and hypertension. Little is known regarding the effects of HIV/Aids 
and its treatment on the metabolism of vitamin D. In HIV-positive patients, factors linked to the 
virus itself and the use of antiretrovirals may be added to the other causes of hypovitaminosis D. 
Arq Bras Endocrinol Metab. 2010;54(2):118-22
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sumário
O perfil epidemiológico da infecção pelo vírus HIV vem sofrendo grandes modificações com os 
avanços na terapia antirretroviral. Houve uma queda expressiva na morbi-mortalidade do pa-
ciente infectado pelo HIV e, por conseguinte, aumento da sobrevida. A população soropositiva 
está envelhecendo e mais exposta às complicações da cronificação da doença e ao uso prolon-
gado dos antirretrovirais. Inicialmente foram descritas alterações metabólicas que contribuem 
para um aumento no risco de doença cardiovascular. Em seguida, surgiram relatos de danos ao 
metabolismo ósseo. A deficiência de vitamina D tem atingido proporções epidêmicas envolven-
do até mesmo indivíduos saudáveis em regiões tropicais. Dados recentes sugerem sua associa-
ção com síndrome metabólica, doenças imunes, diabetes e hipertensão. A doença HIV/Aids e a 
ação dos antirretrovirais no metabolismo da vitamina D ainda permanecem pouco conhecidas. 
Em pacientes HIV positivos, fatores ligados ao próprio vírus e ao uso dos antirretrovirais podem 
estar adicionados às demais causas de hipovitaminose D. Arq Bras Endocrinol Metab. 2010;54(2):118-22
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Introduction

Throughout the world, 33 million people have been 
infected to date by the human immunodeficiency 

virus (HIV) and, in 2007 alone, 2 million people died 

as a result of Aids. In Brazil, there are an estimated 730 

thousand HIV-positive patients, representing one third 

of all registered cases in Latin America (1,2). However, 

the sociodemographic profile of this infection has un-
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dergone a number of modifications. Over the previous 
few years there has been an increase in the number of 
cases amongst heterosexual men and a predominance 
of this form of transmission amongst women (3). Cur-
rently, the chances of men contracting this disease are 
1.5 time greater than women, as compared to the last 
decade, when it was 15 times greater. This tendency of 
Aids towards gender parity has had a profound impact 
on the health of women all over the world (1,2). 

Apart from affecting more women, HIV-positive 
patients have also experienced a greater chance of sur-
vival due to the advent of ART (antiretroviral therapy), 
coupled with an increased knowledge of the infection. 
The female seropositive population is now growing 
older and is consequently more exposed to chronic de-
generative diseases brought on by prolonged exposure 
to the HIV virus and antiretroviral therapy. Initially, 
metabolic abnormalities were reported such as dyslip-
idemia, insulin resistance and lipodystrophy, which all 
contribute to the increased risk of cardiovascular dis-
ease (CVD). Subsequently, reports emerged of damage 
to the bone metabolism (4-7). 

In association with these factors, menopausal wom-
en experience a period of hormone decline, progres-
sively reducing the effects of estrogen protection on 
bone metabolism and CVD (8,9). According to Per-
nerstorfer, metabolic abnormalities resulting from ART 
are more pronounced in women, suggesting that, after 
they begin treatment, infected patients lose part of their 
natural protection against atherosclerosis (9). 

The introduction of ART has had a profound im-
pact by reducing the viral load and reconstituting the 
immune system of HIV/Aids patients. Thus, a signifi-
cant impact has been observed on the natural history of 
the infection, represented by the considerable decline 
in morbi-mortality associated with the disease. The 
treatment is a complex therapeutic regimen made up of 
a combination of at least 3 drugs that include the use 
of two nucleoside-analogue reverse-transcriptase in-
hibitors (NRTI) and one from another class, which is 
usually a non-nucleoside reverse-transcriptase inhibi-
tor (NNRTI) or a (PI) protease inhibitor (10). 

Another important issue has been the growing pau-
perization of this epidemic and its consequent impor-
tance regarding nutritional deficiency. Currently, more 
than 2/3 of the most recently infected individuals live 
in extremely poor regions of the world, where there 
is a high prevalence of nutritional deficiency. A lack of 
macronutrients has been associated with an increasing 

number of clinical manifestations and a rise in Aids-re-
lated mortality (1,11). Furthermore, studies have also 
revealed how the beneficial effects of being well-nour-
ished with the necessary vitamin supplements can lead 
to an improvement in the immune systems of HIV-pos-
itive patients (11,12). 

 With regard specifically to vitamin D deficiency, 
much attention has been focused on its importance as a 
steroid hormone and its properties as an immunomod-
ulator since the vitamin D nuclear receptor (VDR) was 
discovered, during the 1980s, in various cells, especially 
those in the immune system such as T and B lympho-
cytes, monocytes and dendritic cells. Before the advent 
of antibiotics, vitamin D was used in the treatment of 
bacterial infections (11-15). Many in vitro experiments 
confirm the action of its active form, 1,25(OH)2 D, as 
a potent modulator of the immune system as well as its 
important role in calcium homeostasis. In addition, in 
vivo, a lack of vitamin D is associated with macrophage 
dysfunction and bacterial infection (11,13). Despite 
these advances, much remains to be clarified regard-
ing the role of vitamin D in HIV infection and how 
its deficiency may affect the progression of the disease 
(11-13). Low levels of vitamin D and vitamin D recep-
tor (VDR) polymorphism have been associated with 
low CD4, immune activity and the progression of Aids 
(11,13,16). 

Currently, vitamin D is recognized as a complex, 
pluripotent hormone, and its deficiency has now gone 
beyond the simple concept of causing rickets and os-
teomalacia. Much evidence has associated it to the meta-
bolic syndrome, diabetes, immune diseases, high blood 
pressure and cancer (14,15,17-20). Recently, vitamin D 
has been suggested as an emergent biomarker for CVD 
(21). However, the exact mechanism that would ex-
plain the multiple effects of vitamin D on different tis-
sues is still unknown. The only common factor is that 
the vitamin D receptor has been discovered in various 
tissues such as those of the pancreas, the smooth mus-
cle of the blood vessels and the cardiac cells, and in the 
renin–angiotensin axis (17,20). 

Vitamin D is obtained in its natural form by expos-
ing the skin to sun rays that converts 7-dehydrocho-
lesterol (pro-vitamin D3) into cholecalciferol (vitamin 
D3) through which the bloodstream passes, where it 
joins the D-binding protein (VDBP) and is transport-
ed to the liver. The second source of vitamin D is via 
oral intake, through the transformation of ergosterol 
(vitamin D2) in plants and fungi. Vitamins D3 and D2, 
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are both metabolized in the liver to 25-hydroxicho-
lecalciferol [(25(OH)D] and are transformed in the 
kidneys into its active form, 1,25 dihydroxyvitamin D 
[1,25(OH)2D], which is a steroid hormone vital for 
calcium and bone metabolism (Figure 1). Other fac-
tors such as the seasons of the year, latitude, time of 
day, skin pigmentation, aging and the use of sun blocks 
may all influence the cutaneous production of vitamin 
D (14,15,22,23). 

In healthy adults, vitamin D deficiency sets in in a 
subtle manner, with mild hypocalcemia, and secondary 
hyperparathyroidism, causing trabecular bone loss and 
a thinning of the cortical bone, leading to an increased 
risk of osteoporosis and fractures (15,22). Before an-
tiretroviral treatment was introduced, few studies had 
indicated that bone metabolism was affected in HIV-
positive patients, although it has recently been con-
firmed that infected patients present a higher risk of 
low bone mass and osteoporosis. Despite the fact that 
that was initially attributed to the use of these medica-
tions, it was later confirmed that its origins were due to 

a series of factors, one of the main ones being metabolic 
dysfunction of vitamin D (7,8,24). 

In HIV-positive patients, other factors linked to the 
virus itself and to the use of antiretrovirals can be con-
sidered as additional causes of hypovitaminosis D, and 
therefore regarded as a threat to the general population, 
such as poor nutrition, skin pigmentation, aging and 
inadequate sun exposure. A number of mechanisms are 
proposed to explain this deficiency in HIV-positive pa-
tients (Figure 2): a) the virus itself decreases vitamin D 
levels through the action of proinflammatory cytokines 
such as TNF-α (Tumor necrosis factor-α), inhibiting 
renal hydroxylation; b) the consumption of 25(OH)D 
by the macrophages and lymphocytes as the disease pro-
gresses; and c) the type of antiretrovirals used. PIs (pro-
tease inhibitors) block the hydroxylation of 25(OH)D 
(25-hydroxycholecalciferol) and the bioactivation of 
1,25(OH)2 (1,25 dihydroxyvitamin D) in the kidneys 
(11,16,17), while NNRTIs (non-nucleoside reverse-
transcriptase inhibitors) increase the catabolism of 25 
(OH)D and 1,25 (OH)2D (25). 

Figure 1. 7-Dehydrocholesterol (pro-vitamin D3) during sun exposure (UVB), in the skin, is converted to previtamin D
3
. Vitamins D

3 
(cholecalciferol) and D

2 

(ergosterol) are both metabolized in the liver to 25-hydroxicholecalciferol [(25(OH)D] and are transformed in the kidneys into its active form, 1,25 
dihydroxyvitamin D [1,25(OH)

2
D]. Inactivation of vitamin D metabolites occurs mainly by renal 24-hydroxylation. 
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Figure 2. HIV: human immunodeficiency virus; ART: antiretroviral therapy; 
NNRTI: non-nucleoside reverse-transcriptase inhibitor; PI: protease inhibi-
tor; TNF-α: tumor necrosis factor-α); 25(OH)D: 25-hydroxycholecalciferol; 
CP450: cytochrome P450.

Possible mechanisms of vitamin D deficiency in HIV-infected individuals

A study carried out in the Netherlands with HIV-
positive patients of both sexes reported a 58.1% preva-
lence of vitamin D deficiency in women with a mean 
age of 36.5 years, using reference levels for serum 
25(OH)D of 10-14 ng/mL for winter and summer, 
respectively (25). Similar results were reported in a US 
population of seropositive teenagers and young adults, 
employing a cut-off for serum 25(OH)D of 15 ng/mL, 
demonstrating a prevalence of 87% of hypovitaminosis 
D (12). Seminari, in Italy, found serum 25(OH)D lev-
els of less than 18 ng/mL in 81,25% of the patients, 
aged 41 years, who were on ART and had been los-
ing bone (24). Similar prevalence (86%) was described 
by Aparicio and cols. (26) when evaluating Spanish in-
fected males, using reference levels of serum 25(OH)
D less than 10ng/mL (26). Rodriguez, in the US, also 
reported hypovitaminosis D in 74.4% of infected adults 
aged 46 years, using reference levels of serum 25(OH)
D less than 32 ng/mL (27).

There is no consensus on the ideal serum concentra-
tion of 25(OH)D and there are many suggested values for 
setting the lower limit of normality from 20 to as much 37 
ng/mL (14,15,22,23). Therefore the level of vitamin D 
should be the one that does not induce a rise in parathy-
roid hormone (PTH), and the optimal serum 25(OH)D 
concentrations have yet to be established (14,15,22,23). 
It is not surprising that discordant results are obtained be-
cause these laboratories use substantially different meth-
odology for measurement of 25(OH)D, which, to this 
time, has not been standardized (14,15,22,23). 

In healthy populations, clinical evidence based on 
epidemiological studies has demonstrated an association 
between vitamin D deficiency and an overall increased 
risk of mortality, based on NHANES-III − Third Na-
tional Health and Nutrition Examination Survey (18). 
Further evidence that hypovitaminosis D increases the 
risk of CVD has appeared in a recent nested case-con-
trol study, in which men and couples were studied over 
a ten-year period for classical risk factors of CVD, with 
detected levels less than 30 ng/mL of serum 25(OH)
D being associated with a significant increase in myo-
cardial infarction (19). 

There are very few reports for seropositive patients on 
the consequences of hypovitaminosis D on the lipid and 
glucose metabolism, although it is known that there is an 
association between ART and complications of fat redis-
tribution (loss of peripheral fat and increased central obe-
sity), insulin resistance and dyslipidemia (4,5). Recently, 
similar alterations have also been described in healthy pa-
tients with vitamin D deficiency (14,15,17,20,28).

In NHANES-III, Ford followed-up 8,421 healthy 
men and women and described an inverse association 
between serum 25(OH)D levels and the metabolic syn-
drome, caused mainly by hyperglycemia, hypertriglyc-
eridemia and abdominal obesity (28). In a UK study, 
524 randomized, healthy individuals were followed-up 
for a 10-year period. A negative association was ob-
served between the serum levels of 25(OH)D and an 
increase in glycemia and insulin resistance, possibly ex-
plained by the action of VDR in the pancreatic β cells 
and in the insulin activation receptors, or indirectly by 
the increased number of inflammatory cytokines result-
ing from the decreased levels of vitamin D (29). 

Current data from the Framingham Offspring Study 
cohort evaluated 1,739 patients without renal disease 
or previous CVD and described an association between 
vitamin D deficiency and an increased risk of CVD, es-
pecially in hypertensive individuals with serum 25(OH)
D levels of less than 15 ng/mL, who had a two-fold 
risk of a cardiovascular event (17). 

The results of the DAD study, which enrolled more 
than 22,000 HIV-positive patients, indicated a high fre-
quency of hypertension, smoking, dyslipidemia and dia-
betes, in which ART was associated with a 26% increase 
in the relative risk levels of myocardial infarction for each 
year it was taken (6). Besides the traditional risk factors 
for CVD, these individuals are also exposed to other risk 
factors, including the disease itself, the direct effect of the 
virus on blood vessels, inflammation and complications 
from the prolonged use of antiretroviral therapy (5,6). 
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Together with this chain of possible events, vitamin 
D deficiency may also be included as one more cause of 
bone loss, the metabolic syndrome, dyslipidemia and an 
increased risk of CVD. These results are of particular 
relevance for HIV-positive women on ART. Not only 
are they likely to stimulate the progression of the disease 
through vitamin D deficiency, but also add one more 
risk factor to the prolonged use of antiretroviral therapy. 

In conclusion, considering that vitamin D deficiency 
has been suggested as a possible risk condition for meta-
bolic and cardiovascular events, the increased prevalence 
of this clinical condition in this population indicates 
the need for prevention. It is too early to identify the 
groups at greatest risk for which these measures would 
be required. In this context, vitamin D supplementation 
becomes necessary and/or sun exposure when the mea-
surement of serum 25(OH)D is not feasible. Additional 
observational studies are needed to confirm the associa-
tions between vitamin D status and HIV disease progres-
sion and intervention studies will be necessary to define 
the benefits of vitamin D in the cardiovascular system 
and endocrine metabolism in the HIV-infected patient. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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