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Vitamin D levels and their impact on mineral metabolism in
HIV infected patients: an exploratory study

higher serum PTH levels in the moderately and severely
deficient groups than in the optimal and insufficient
groups was observed (p<0.05 and p<0.03 respectively).
A weak negative correlation was observed between
serum 25OHD and PTH levels (r=-0.268; p<0.004).
Conclusion. Sub-optimal vitamin D levels are frequently
observed in HIV/AIDS patients on antiretroviral therapy
(ART). Systematic assessment of mineral metabolism is
considered necessary in HIV/AIDS positive patients.

rn

Introduction

Since the discovery of vitamin D, our knowledge on this vitamin has evolved throughout the years from being a hormone
that regulates mineral metabolism to being a complex factor
involved in multiple physiological processes in the body.
Classically, vitamin D acts as a regulator of calcium homeostasis, promoting calcium transport and ensuring adequate
levels of calcium in the blood to meet specific physiological
functions. Vitamin D is synthesized in the skin after exposure
to ultraviolet (UV) rays, and then undergoes two successive
hydroxylations, first in the liver and then in the kidneys, and
is thus converted to its biologically active form known as calcitriol or 1,25 hydroxyvitamin D [1,25(OH) 2D], which has a
high affinity for vitamin D receptor (VDR) expressed in different tissues. VDR was first identified in human leukocytes in
1983 (1). Since then, the role of vitamin D in the immune
system has been investigated extensively.
Vitamin D is currently considered an immunomodulator affecting several subpopulations of hematopoietic cells such
as monocytes, macrophages, and B and T lymphocytes (2).
The role of vitamin D in defense mechanisms against different types of infections, including HIV/AIDS, has been studied. One of the most widely known mechanisms is the production of cathelicidin (LL-37), a 1,25 (OH)2 D-dependent antimicrobial peptide synthesized by monocytes and activated
macrophages in response to pathogenic agents that cause
infections including HIV/AIDS. Recent studies have demonstrated the ability of LL-37 to inhibit HIV-1 replication in T
CD+4 lymphocytes (CD4+LT) and macrophages (3, 4).
Hence, sub-optimal levels of vitamin D could affect the response of the immune system in patients with HIV/AIDS.
The aim of the present study was to explore vitamin D levels
and their impact on mineral metabolism in adult patients with
HIV/AIDS seeking outpatient care at a University Hospital in
the City of Buenos Aires.
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Vitamin D has immunomodulating properties. The nuclear receptor for vitamin D is expressed in several immune cells, which convert 25-hydroxyvitamin D (25OHD)
to the active form 1,25 hydroxyvitamin D [1,25(OH)2 D].
Under conditions of infection, 1,25(OH)2 D promotes production of cathelicidin (an antimicrobial peptide) in
monocytes and activated macrophages. In vitro studies
have shown the ability of cathelicidin to inhibit replication of human immunodeficiency virus (HIV-1) in T CD4
lymphocytes and macrophages.
Objective. To evaluate vitamin D levels and their impact
on mineral metabolism in HIV infected patients.
Materials and methods. Seventy-four clinical records of
HIV/AIDS patients seen at the outpatients clinic were reviewed. The following data were collected: age, sex, time
since diagnosis of HIV, HIV-1 viral load, CD4 counts (absolute value and percentage), and mineral metabolism
determinations: 25OHD, intact parathormone (iPTH);
serum calcium (sCa); serum phosphorus (sP) and serum
crosslaps (sCTX). Vitamin D levels were stratified as follows: optimal: ≥30ng/ml; insufficient: 21-29ng/ml; moderately deficient: 20≥ -25OHD- >10 ng/ml and severely
deficient ≤10 ng/ml. Results. Fifty-five clinical records
were included; 82% of patients had 25OHD levels below
30ng/ml (insufficient: 23.6%, moderately deficient:
36.4%; and severely deficient: 21.8%). A significantly
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Materials and methods
Study design
A retrospective study was performed by reviewing the clinical
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Results
Fifty-five clinical records corresponding to HIV/AIDS patients
were included in the study. The total group comprised 35
women (63.6%) and 20 men (36.6%), with an average age
(X±DS) of 52.6±13 years and 10.4±7 years duration of the
disease. Average CD4 lymphocyte count was 558±288
cells/mm3, 26±10%, and 90% of patients had an HIV viral
load ≤ 1.7copies/ml. Vitamin D nutritional status of the whole
group was 21.4±13ng/ml, as assessed by 25OHD determinations. All patients were on ART.
Table 1 shows the baseline characteristics of patients according to 25OHD category. No significant differences in
age, duration of the disease, CD4 counts (absolute value
and percentage), and HIV-1 viral load were observed among
groups. 25OHD levels did not differ significantly between
seasons (winter-spring: 18.0±8ng/ml and summer-autumn:
23.0±14ng/ml).
Analysis of biochemical determinations of mineral metabolism showed significantly higher serum PTH levels in the
moderately and severely deficient groups than in the optimal
and insufficient groups (Table 2 and Figure 1). Four cases of
secondary hyperparathyroidism were found in the moderately deficient group [iPTH (X±DS):73.78±8pg/ml], and 5 cases
were observed in the severely deficient group [iPTH
(X±DS):103.5±45 pg/ml]. A weak negative correlation was
observed between serum 25OHD and PTH levels (r=-0.268;
p< 0.04) (Figure 2).
In addition, serum calcium levels were lower in the moderately and severely deficient vitamin D groups, and were significantly lower in the moderately deficient group as compared to the optimal group (p<0.02) (Table 2). No statistically
significant differences in serum CTX levels were observed

Ed

iz

io

ni

In

Biochemical determinations
All values were retrieved from patient files. As shown on patient records, determinations were performed in 8-hr fasting
blood samples obtained before 10:30am; the laboratory of
choice for sample processing depended on the health care
provider of each patient.
CD4 lymphocyte counts (absolute values and percentages)
and HIV viral load were determined by flow cytometry and reverse transcription-polymerase chain reaction (RT-PCR) respectively. 25OHD levels were measured by radioimmunoassay (RIA) and electrochemiluminescence immunoassay
[ECLIA Elecsys]. iPTH was measured by ECLIA Elecsys [reference values (rv): 6-65pg/ml)]. Serum crosslaps (a marker of
bone resorption) levels were determined by ECLIA Elecsys;
reference values were as follows: pre-menopausal women
40-450ng/ml; post-menopausal women: 80-590ng/ml; men:
14-450ng/ml. sCa (rv: 8.5-10.4mg/dl) and sP (rv: 2.44.5mg/dl) levels were measured using standard techniques.

Statistical analysis
Statistical analysis was performed using SPSS 19.0 for Windows (SPPS, Inc., Chicago, IL, USA). Based on the objective
of the study, 25OHD levels were stratified in four categories
as follows: optimal ≥ 30ng/ml; insufficient 21-29ng/ml; moderately deficient ≥ 20-25OHD->10ng/ml; and severely deficient ≤ 10ng/ml. Patient characteristics were compared
among groups using a non-parametric unpaired t test (MannWhitney). Correlation among variables was explored using
the Pearson and Spearman test. A value of p lower than
0.05 was considered statistically significant.
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records of adult patients diagnosed with HIV/AIDS receiving
medical care at the Infectology Division of the Clinical Hospital (Hospital de Clínicas) of the University of Buenos Aires
(34ºS latitude). From an average 136 HIV patients seen annually at the Infectology Division of the Hospital, only the
clinical records that provided the following data were included in the study: 1) CD4 counts, expressed as an absolute
value and as a percentage, as indicator of the immune status
of the patient; 2) HIV-1 viral load; and 3) mineral metabolism
determinations 25OHD, intact parathormone (iPTH); serum
calcium (sCa); serum phosphorus (sP) and serum crosslaps
(sCTX).
The following data were also collected from patient records,
since they were considered potential confounding factors for
low vitamin D levels: age, sex, duration of HIV/AIDS, antiretroviral therapy (ARV), presence of renal disease (defined
as glomerular filtration rate <60ml/minute or known renal disease). Clinical records of patients receiving vitamin D supplementation or vitamin D-containing multivitamin supplements within six months prior to the study, known bone disease or clinical condition, or receiving medication known to
affect vitamin D metabolism were excluded.
Fifty-five clinical records of patients diagnosed with
HIV/AIDS met the inclusion criteria and were selected for the
study.
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Table 1 - Patient characteristics according to vitamin D levels.
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Characteristics
Age (years)

Sex: F/M (n)
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Season: WS/SA (n)

Optimal (≥ 30)
(n=10)

25OHD levels (ng/ml)

48.0±14

7/3

8/2

Insufficient (21-29)
(n=13)

Moderately Deficient
(≤ 20->10) (n=20)

Severely Deficient
(≤ 10) (n=12)

7/6

14/6

7/5

11.5±8

52.7±13

9/4

Duration of HIV(years)

9.6±6

10.9±5

CD4 (%)

27.2±11

27.6±8

CD4 (cells/ml)

HIV viral load, log10 (n)

25OHD (ng/ml)

636.90±381
0

43.8±11*

565.38±235
3

24.8±2

Results are expressed as mean± standard deviation (X±SD). F: Female; M: Male
*p<0.000 Optimal vs insufficient, moderately deficient, and severely deficient
Clinical Cases in Mineral and Bone Metabolism 2017; 14(1):18-22

54.0±14

58.0±14

13/7

8/4

512.81±254

616.91±285

25.3±10
2

12.4±4

7.0±5

27.8±10
1

8.3±2
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Table 2 - Results of mineral metabolism biochemical determinations according of 25OHD levels. .
25OHD levels (ng/ml)

25OHD
(rv:>30ng/ml)

iPTH
(rv: 6-65pg/ml)

9.4±0.5

9.2±0.4***

9.2±0.4

2.5±1.0

2.4±1.4

2.4±1.2

386±179

429±213

467±141

43.8±11*

24.8±2

12.4±4

39.13±17

50.43±20

i

Severely Deficient
(≤10) (n=12)

al

sCTX
(rv: see )

9.6±0.4

Moderately Deficient
(≤20->10) (n=20)

2.5±1.4

483±47

8.3±2

az

sCa
(rv: 8.9-10.4mg%)
sP
(rv: 2.6-4.4mg%)

Insufficient (21-29)
(n=13)

io
n

Optimal (≥ 30)
(n=10)

54.52±18**

Figure 1 - PTH levels according to
levels of 25OHD.
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Results are expressed as mean± standard deviation (X±SD). rv: reference values.
* p<0.000 Optimal vs. Insufficient, moderately deficient and severely deficient.
** p<0.05 Optimal vs. Insufficient.
***p< 0.02 Optimal vs. Moderately Deficient; ∆ p< 0.03 Optimal vs Severely Deficient.
rv: Female: Pre-Menopausal: 40-450ng/ml; Post-Menopausal 80-590ng/ml; Male: 14-450ng/ml.

66.45±43∆
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among groups; nevertheless, values tended to be higher,
though within normal range, in the moderately (CTXs:
467±141ng/ml) and severely (CTXs: 483±47ng/ml) deficient
groups. Serum phosphorus levels were in the lower normal
range.
Evaluation of immune status and disease status according to
serum 250HD levels showed no correlation between serum
25OHD levels and CD4 counts (absolute value and percentage) and HIV-1 viral load in the optimal, insufficient, and
moderately deficient groups. Serum 25OHD levels and HIV-1
viral load (log10) were found to correlate negatively (r=0.568; p<0.05) in the severely deficient group only.
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Discussion
The present study sought to evaluate the relation between
25OHD levels and immune and viral status of adult patients
diagnosed with HIV/AIDS and receiving ART, seen at a university hospital in the City of Buenos Aires. Our results
showed that 82% of the studied sample had vitamin D levels
below adequate: 23.6% had insufficient levels, 36.4%
showed moderately deficient levels, and 21.8% exhibited severely deficient levels. Only 16.3% had optimal vitamin D levels. No season-related changes in vitamin D levels were
observed; values were similar to the winter 25OHD levels of
Clinical Cases in Mineral and Bone Metabolism 2017; 14(1):18-22
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Hyperparathyroidism secondary to sub-optimal vitamin D levels contributes to an increase in bone remodeling, loss of
bone mass, and osteoporosis. Levels of CTXs, a specific
and sensitive marker of bone resorption, were higher in the
moderately and severely deficient vitamin D groups, though
the difference among groups did not reach statistical significance (10). These results confirm that bone remodeling increases in conditions of vitamin D deficiency.
As regards the relation between HIV/AIDS infection and vitamin D levels, the results obtained in the sample studied here
showed a negative correlation between vitamin D status and
HIV viral load in the group with severely deficient vitamin D
levels only. This could imply that at lower vitamin D levels,
i.e. in the severely deficient range, the level of HIV viral load
is higher, possibly because the mechanisms of vitamin D
that arrest progression of HIV-1 infection could not function.
These mechanisms include autophagia and LL-37 production. The former is induced by the concentration of 1,25
(OH)2 D; 1,25 (OH)2 D-mediated autophagia has been shown
to inhibit replication of HIV in macrophages (11). Furthermore, LL-37 expression in humans depends on 25OHD concentration, and LL-37 has been found to inhibit HIV replication in CD4+LT (4, 12). However, a high viral load in patients
under ART may be more associated with poor adherence
and resistance mutations rather than with low vitamin D levels and the impact of the latter on viral load may be only
marginal.
Deficient vitamin D levels not only contribute to progression
of the disease but also to mortality in HIV/AIDS patients. The
EuroSIDA study showed that patients with vitamin D levels
<12ng/ml were at greater risk of clinical progression during
follow-up.
The sequence of events regarding HIV/AIDS infection,
25OHD levels, and disease progression remains unknown.
The question is whether sub-optimal levels of 25OHD, a substrate for 1,25 (OH)2 D conversion in immune cells, would interfere with viral replication inhibition mechanisms in immune
cells, and thus lead to progression of the disease, or whether
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healthy elderly and young adults in the city of Buenos Aires
[25OHD (X±DS):17.2±9 ng/ml], but lower than 25OHD levels
observed in these age-groups in summer [elderly:
28.6±10ng/ml and young adults: 32.5±12.8ng/ml] (5).
The prevalence of hypovitaminosis D (defined as 25OHD
levels below 30ng/ml) in the studied population was similar
to that reported by other research groups. It is estimated to
be in the order of 60 to 90%, varying among the reported series (6-8). The low levels of vitamin D observed in HIV/AIDS
patients can be due to a number of causes. The infection per
sé leads to activation of toll-like receptors (TLR) expressed
by cells of the immune system, activating 1α-hydroxylase
(CYP27B1), decreasing 25OHD levels as a result of an increase in hydroxylation to 1,25(OH) 2D, and triggering induction of LL-37 synthesis at the genomic level.
Another factor associated with low 25OHD levels is the use
of ART. The use of efavirenz may induce cytochrome P450
3A4 (CYP3A4) and 24-hydroxylase (CYP24), reducing 25hydroxylase (CYP2R1) function and thus decreasing 25OHD
levels. Tenofovir has been associated with hyperparathyroidism, resulting in an increase in 25OHD consumption.
Protease inhibitors interfere with vitamin D metabolism in vitro, via the inhibition of cytochrome P450 (CYP450), although
this mechanism has not been demonstrated in clinical trials
(9).In addition, the chronicity of HIV/AIDS may also contribute to risk of sub-optimal vitamin D levels in these patients. As a result of the advent of new, more effective drugs
in terms of decreasing mortality and controlling opportunistic
infections, longer survival rates are observed in HIV/AIDS
patients, who are thus also exposed to the effects of ageing.
Sub-optimal vitamin D levels may be associated with high
PTH levels. Nine of the patients studied here had hyperparathyroidism: 4 were in the group with moderately deficient
and 5 were in the group with severely deficient levels of vitamin D. Serum calcium levels were lower in the moderately
and severely deficient groups, but were only significantly
lower in the moderately deficient group, likely due to the size
of the study sample.
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Figure 2 - Correlation between
PTH and 25OHD levels.
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it is the high HIV viral load that promotes conversion of
25OHD to 1,25 (OH)2 D with the aim to inhibit viral replication, and ultimately leads to severely deficient vitamin D levels and disease progression in these patients.
The present work has limitations that must be pointed out.
Determinations of risk factors for sub-optimal vitamin D levels, such as body mass index, were not available on the patient records. Also, 25OHD determinations were not performed using the same method or the same assay. Lastly,
this is a retrospective study (review of clinical records) and
the sample size is small, which limits the robustness of the
findings and, hence, the generalizability of the conclusions.
Further prospective studies must be conducted to evaluate
the results presented here, and to evaluate the status of vitamin D on mineral metabolism in HIV/AIDS patients with suboptimal vitamin D levels, in order to contribute to a better understanding of the role of vitamin D in HIV/AIDS infection.
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