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Abstract

To study vitamin D (25OH D3) in relation to (i) microbial translocation (ii)
systemic inflammation and (iii) blood lipid markers, in Caucasian, well-
controlled HIV patients and healthy controls, plasma and serum samples from
n = 97 male, HIV patients on HAART with immeasurable viral load (<20
copies/ml) since median 6.5 years and no concurrent inflammatory or infectious
disease and n = 30 healthy controls were analysed for (i) LPS; (ii) sCD14, hsCRP,
IL-4, IL-6, IL-10, IL-17, MCP-1 and IFN-c; as well as (iii) blood lipids. Vitamin
D levels were similarly distributed and equally low in both HIV patients and
controls. There was no association between vitamin D levels and markers of
microbial translocation, systemic inflammation or dyslipidemia. LPS levels were
similar in both groups but HIV patients expressed higher levels of sCD14 and
hsCRP, with HIV as an independent risk factor. HIV patients had higher
cholesterol and Apo B levels. Notably, more HIV patients smoked and smoking
was associated with lower vitamin D levels. In conclusion; these well-treated
Caucasian HIV patients had similar vitamin D levels as healthy controls.
However, despite perfect virological control, they exhibited slightly increased
inflammatory markers and disturbed blood lipids. However, neither of these
parameters were associated with low vitamin D levels but appeared to be linked
to the HIV-disease per se. Thus, the rationale for vitamin D substitution as a way
to improve microbial translocation and systemic inflammation is not fully
supported in this HIV population.

Introduction

Primary HIV infection causes massive damage to lym-
phoid and mucosal tissues leading to microbial translo-
cation (MT) across a defective gut mucosa and
progressive immunodeficiency. Highly active antiretrovi-
ral treatment (HAART), effectively suppresses viral
replication. However, despite effective treatment, chronic
HIV infection is still associated with a persistent
systemic inflammation where activation of monocytes
and hypercoagulation contribute to premature ageing of
the immune system with subsequent vascular disease,
metabolic disease and multimorbidity [1]. The central
dogma is that low-grade MT is a main driver behind this
inflammatory reaction and its associated diseases [2]. A
high degree of MT, shown by elevated levels of
lipopolysaccharide (LPS) in HIV patients, is associated
with increased morbidity and mortality [3]. Likewise,
inflammatory markers, such as soluble CD14 (sCD14),

high-sensitivity CRP (hsCRP) and IL-6, are predictors of
mortality in HIV patients [4–8].

In recent years, several epidemiological studies demon-
strate that also vitamin D deficiency (defined as 25OH D3

<10 ng/ml, or <30 nmol/l) is associated with disease
progression and all-cause mortality in HAART treated [8–
12], and treatment-na€ıve HIV patients [13]. Vitamin D
deficiency is associated with cardiovascular disease [14–18],
insulin resistance and type-2 diabetes [19–22], in the
general population as well as in HIV populations. In HIV
patients, vitamin D deficiency is common and established
risk factors for low vitamin D levels are as follows: dark
skin [23], old age [9], high BMI [23] and ongoing
antiretroviral treatment. In particular, Efavirenz treatment
has been associated with low vitamin D levels [23–25].

It has been proposed that vitamin D is a key regulator of
the barrier function and the inflammatory milieu in the
gut. Experimental data have shown that vitamin D
promotes gut epithelial differentiation and tight junction
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formation [26, 27] and induces expression of antimicrobial
peptides [28–30]. Clinical support of this assumption is
found in the association between vitamin D deficiency,
reduced expression of vitamin D receptor (VDR) [31] and
intestinal inflammation [32] in colonic mucosa of patients
with inflammatory bowel disease. In mice, targeted
expression of human vitamin D receptor (VDR) in
intestinal epithelial cells protects from experimental colitis
[31].

Given the evidence from observational and experimental
studies for a protective role of vitamin D in mucosal
immunity it is reasonable to hypothesize that vitamin D
may reduce markers for MT, ameliorate systemic inflam-
mation and have a beneficial effect on blood lipids in HIV
patients. However, published randomized and placebo-
controlled trials (RCTs) on vitamin D’s effect on cellular
immune response, metabolic and vascular function in HIV
patients are inconclusive [33–36]. To our knowledge, there
is no study of vitamin D supplementation where reduction
of MT and systemic inflammation has been defined as
primary endpoints.

To prepare for such a future interventional study, we
designed a cross-sectional, observational study where
vitamin D levels would be studied in relation to (i)
markers for MT (ii) systemic inflammation and (iii) blood
lipid markers in a Caucasian, well-controlled group of HIV
patients and matched controls. The aim was to collect
baseline data to design an interventional study with
enough power to test the initial hypothesis.

Methods

Design of the study. Well-controlled (Ongoing HAART and
<20 viral copies/ml since 6 months) Caucasian HIV
patients (n = 97 males) and controls (n = 30 males) were
recruited to study 25-hydroxy vitamin D3 (25OH D3)
levels and associations with (i) systemic endotoxin levels
(LPS), (ii) systemic inflammation measured by the macro-
phage activation marker sCD14, as well as the cytokines
IL-4, IL-6, IL-10, IL-17, MCP-1, IFN-c, hsCRP and (iii)
blood lipids. Faecal calprotectin (f-calprotectin) was mea-
sured as a marker of gastrointestinal inflammation. Infor-
mation on smoking, weight, length and treatment with
statins and vitamin D was recorded. Clinical data on HIV
patient were collected from patient journals.

Patient recruitment. HIV patients were enrolled from the
HIV outpatient clinic (Venh€alsan) at South General
Hospital, Stockholm during a routine clinical visit.
Inclusion criteria were as follows: Caucasian origin, age
18–60 years. Exclusion criteria were as follows: Inflamma-
tory bowel disease or other chronic inflammatory disease,
ongoing intestinal infection, malignancy, co-infection with
tuberculosis, Hepatitis B or C, or ongoing immunosup-
pressive medication. Male, non-HIV controls were
recruited from staff at Karolinska University Hospital.

Patient enrolment took place from January to December
2012. The study protocol was approved by the regional
ethics committee of Stockholm (EPN 2011/1383-31/3).

Laboratory assessment. Soluble CD14 (sCD14) was mea-
sured by enzyme-linked immunosorbent assay (Quantiki-
ne�, R&D System, Abingdon OX, UK), detectable range
250–16000 pg/ml, coefficient of variation (CV) 4–7%.
Lipopolysaccharide (LPS) levels were assessed by chromo-
genic limulus amebocyte lysate assay (Lonza, Walkersville,
MD, USA), detectable range 0.5–500 pg/ml. Both analyses
were performed according to the manufacturer’s instruc-
tions on EDTA-plasma with a dilution factor of 1:600 and
1:5, respectively. IL-4, IL-6, IL-10, IL-17, MCP-1 and
IFN-c were measured in serum by bead-based multiplex
assay (Luminex� R&D Systems Abingdon OX, UK)
according to the manufacturer’s instructions.

25OH D3 in serum was analysed by chemiluminescence
immunoassay (CLIA) on a LIAISON instrument (DiaSorin
Inc., Stillwater, MN, USA) detectable range 7.5–
175 nmol/l, CV 2–5%.

Faecal calprotectin was analysed by ELISA (Buhlmann
labs, Sch€onenbuch, Switzerland). Cholesterol and HDL
were analysed by an enzymatic assay adapted to photo-
metric analysis. High-sensitivity CRP levels (hsCRP), Apo
A1 and ApoB were analysed by immunoturbidimetric
assays. These analyses were performed on serum and plasma
samples, respectively, at the Department of Clinical
Chemistry, Karolinska University Hospital according to
standardized and accredited methods.

Statistical analysis. For unadjusted comparisons, Mann–
Whitney U-test was used for continuous variables and the
Fisher exact test for dichotomous variables. To allow robust
statistical analysis, IFN-c, IL-4, IL-10 and IL-17 were
dichotomized due to undetectable levels in a large fraction
of both HIV patients and controls. Faecal calprotectin-
levels were subjected to dichotomy for similar reasons.

Differences in vitamin D levels between HIV patients
and controls were investigated using a linear regression
model fitted with possible confounders (age, BMI and
smoking).

Associations between inflammatory markers and vita-
min D in HIV patients and controls were adjusted for the
same confounders as above (age, BMI and smoking). In this
analysis, hsCRP was dichotomized with a cut point of one
due to undetectable levels in six samples (2 HIV and 4
controls), and a skewed profile with extreme outliers in the
HIV population. Linear regression was used when the
inflammatory markers were treated as continuous (sCD14,
LPS, MCP-1). Logistic regression analysis was conducted
when the inflammatory markers were treated as binary
(hsCRP, f-calprotectin, IFN-c, IL-4, IL-10 and IL-17). For
IL-6, we used ordinal logistic regression to compensate for
a skewed distribution.

In order to analyse possible explanations to the
difference in sCD14 and hsCRP seen in HIV patients
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and controls, linear and logistic regression were used,
respectively, controlling for age, smoking and cholesterol
levels as possible confounders.

Results

Baseline characteristics

The HIV cohort had a median duration of 13 years since
HIV diagnosis, current CD4 + count of 658 9 106/ml
and excellent viral control with immeasurable virus levels
(<20 copies/ml) since 6.5 years (Table 1). The median
CD4+ nadir recorded was 217 9 106/ml with a maximal
viral RNA load of 260 9 103 copies/ml (Table 1). The
majority (54%) had a combination treatment of nucleotide
reverse transcriptase inhibitors (NRTI) and non-nucleotide
reverse transcriptase inhibitors (NNRTI). Twenty-two per
cent were treated with a combination of protease inhibitors
(PIs) and NRTI or NNRTI. Forty-two patients (43%)
medicated with the NNRTI Efavirenz.

Both HIV patients and controls had an equal distribu-
tion of BMI (Table 2). The HIV patients were older (51
versus 42 years) and smoked more (30 versus 2%)
(Table 2). In the HIV group, 25% took vitamin D
(25OH D3) supplements with an equal distribution of
400–1400 IU/day and 11% were on statins (Table 2).

Plasma levels of vitamin D in HIV patients and controls

By univariate analysis, vitamin D levels were similar with
equal distribution in the two groups (Table 2). Subgroup
analysis excluding the vitamin D supplemented HIV
patients did not affect overall vitamin D levels, or any of
the other parameters in the HIV cohort, including
inflammatory or lipid biomarkers (data not shown). To

control for difference in age, BMI and smoking, which are
factors known to affect vitamin D levels, a linear regression
analysis was conducted. The point estimate of difference
between HIV patients and controls was �5.1 (95% CI
�15.2 to 5.1). Hence, vitamin D levels were similar in
both HIV patients and controls.

The majority of both HIV patients and controls had
vitamin D levels in the insufficient range, defined as 25–
75 nmol/l (74% versus 77%) and both groups had an equal
representation of vitamin D deficiency, defined as
<25 nmol/l, (9% versus 7%). Notably, there was a seasonal
shift in vitamin D levels with marginally higher values
during the summer months (Fig. 1) Although HIV
patients and controls were recruited unevenly over the

Table 1 HIV patient’s characteristics.

HIV patients n = 97

Years since HIV diagnosis, n (IQR) 13 (7–21))
CD 4 nadir, cells/ll (IQR) 217 (129–276)
Max viral load, 9103 copies/ml (IQR) 260 (83.3–565.5)
Present CD 4, cells/ll (IQR) 658 (519–873)
Present viral load, copies/ml, (%) <20 (100)

Years with viral load <20 copies/ml (IQR) 6.5 (3.5–9.5)
HAART, n (%): 97 (100)

2 NRTI + PI 20 (21)

NRTI + NNRTI + PI 1 (1)

NRTI + NNRTI 52 (54)

II + PI 4 (3)

NRTI + II 13 (13)

Other 7 (7)

Median values if not otherwise stated. HAART, highly active anti-

retroviral therapy; NRTI, nucleotide reverse transcriptase inhibitors;

NNRTI, non-nucleotide reverse transcriptase inhibitors; PI, protease

inhibitors; II, integrase inhibitors.

Table 2 Characteristics of study populations.

HIV patients

n = 97

Controls

n = 30 P-value

Male gender, n (%) 97 (100) 30 (100)

Age (years), med (IQR) 51 (46–55) 42 (36–53) 0.001

BMI, med (IQR) 25 (23–27) 25 (23–28) 0.893

Smokers, n (%) 30 (31) 2 (7) 0.007

Statins, n (%) 11 (11) 0 (0) 0.066

Vitamin D (25OH D3)

substitution, n (%)

24 (25) 0 (0) 0.001

Vitamin D (25OH D3)

nmol/ml, med (IQR)

50 (35–50) 56 (42–68) 0.543

hsCRP mg/ml, med

(IQR)

1.40 (0.68–3.35) 0.70 (0.41–1.10) <0.001

sCD14 lg/ml, med

(IQR)

1.67 (1.47–2.08) 1.40 (1.28–1.55) <0.001

LPS pg/ml, med (IQR) 153 (153–161) 152 (148–161) 0.498

Faecal Calprotectina,

n (%)

26 (27) 20 (67) <0.001

IL-4 posa, n (%) 13 (13) 2 (7) 0.518

IL-6 pg/ml, med

(IQR)

1.43 (1.33–2.70) 2.7 (1.43–3.00) <0.001

IL-10 posa, n (%) 46 (47) 26 (87) <0.001
IL-17 posa, n (%) 40 (41) 25 (83) <0.001
MCP-1 pg/ml, med

(IQR)

203 (147–251) 188 (156–216) 0.435

IFN –c posa, n (%) 24 (33) 12 (40) 0.112

Tot cholesterol

mmol/ml, med (IQR)

5.4 (4.65–6.30) 5.00 (4.33–5.33) 0.016

HDL cholesterol

mmol/ml, med (IQR)

1.20 (1.00–3.00) 1.20 (0.98–1.40) 0.582

Non-HDL cholesterol

mmol/ml, med (IQR)

4.10 (3.50–5.05) 3.80 (3.10–3.30) 0.010

Apo A1 mg/ml,

med (IQR)

1.42 (1.24–1.57) 1.34 (1.24–1.52) 0.514

Apo B mg/ml,

med (IQR)

1.00 (0.86–1.20) 0.94 (0.76–1.06) 0.009

Apo B/Apo A1,

med (IQR)

0.74 (0.62–0.86) 0.65 (0.55–0.76) 0.018

N (%): number (percentage), med (IQR): median (interquartile range).
aDue to undetectable values in a large fraction of patients, fecal-

calprotectin, IL-4, IL-10, IL-17 and IFN-c, were dichotomized into

positive/negative. Mann–Whitney U-test was used for continuous

variables and Fisher exact test for dichotomous variables.
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year (HIV patients February–August, controls September–
December), this did not significantly affect the group
median values (50 nmol/l [35–50] versus 56 nmol/l [42–
68], P = 0.543). However, when excluding the months of
May–August, when the solar intensity is strong enough to
stimulate vitamin D synthesis in Stockholm (58 degrees
north), the median levels of vitamin D were significantly
lower in the remaining HIV patients (n = 53) compared to
controls (42 nmol/l [31–63] versus 56 nmol/l [41–68],
P = 0.044). Furthermore, in the HIV group, median levels
of vitamin D were significantly lower among smokers than
non-smokers (41 nmol/l [44–70] versus 57 nmol/l [44–
70], P = 0.037).

Microbial translocation and inflammation

Despite long-standing viral control, the HIV patients in
this cohort displayed a significantly higher degree of
systemic inflammatory activity with increased levels of
sCD14 and hsCRP (Table 2). However, contrary to other
studies, markers of microbial translocation and immune
activation in the form of LPS, MCP-1 and IFN-c levels
were not significantly different between the two groups.
Furthermore, analyses of dichotomized f-calprotectin and
the cytokines IL-17 and IL-10, demonstrated a higher
prevalence in the controls. Unexpectedly, IL-6 levels were
higher in the controls, (Table 2). No correlation between
sCD14 and hsCRP, or any of the other inflammatory
markers could be detected (data not shown).

Vitamin D levels and association with microbial translocation

and inflammation

To address the question, whether vitamin D levels were
associated with markers of MT and systemic immune
activation, regression analyses were conducted for sCD14,
hsCRP, LPS, f-calprotectin, MCP-1, IFN-c, IL-4, Il-6, IL-
10 and IL-17. When controlling for age, BMI, vitamin D
substitution and smoking, none of the estimates were
statistically significant (Table 3), suggesting that vitamin

D levels were not associated with inflammatory markers in
either group.

A subgroup analysis was performed on vitamin
D-deficient HIV patients (<25 nmol/l; n = 9, (9%)). They
were younger (49 years [45–51] versus 51 [46–56],
P = 0.019) than patients with vitamin D levels
>25 nmol/l and none were on vitamin D supplements,
but did not differ in other baseline characteristics. The
vitamin D-deficient HIV patients had significantly higher
IL-6 levels (2.7 pg/ml [2.7–4.8] versus 1.3 [1.3–2.7],
P = 0.003). There was, however, no significant difference
in levels of hsCRP, sCD14, LPS, f-calprotectin, IL-4, IL-
10, IL-17, MCP-1 or IFN-c. Nor was there any association
between vitamin D levels and markers of MT and
inflammation (data no shown).

Lipid status and association with microbial translocation,

inflammation and vitamin D

Levels of total cholesterol, non-HDL cholesterol, Apo B
and ApoB/ApoA1 were significantly higher in HIV
patients compared to controls (Table 2). LPS associated
with total cholesterol in HIV patients and controls
(r = 0.29, P = 0.004 versus r = 0.38, P = 0.033), and in
HIV patients also with Apo B (r = 0.21, P = 0.029) and
non-HDL cholesterol (r = 0.35, P = 0.001). However, no
association was found between lipids and sCD14, hsCRP or
any of the other inflammatory markers in either group
(data not shown).

Moreover, no association was found between plasma
lipids and vitamin D levels in HIV patients and controls,
not even in the vitamin D-deficient HIV subgroup (data
not shown).

Figure 1 25OH D3 levels over time. Median and IQR levels of vitamin

D. Red circles represent HIV patients, and black squares represent

controls.

Table 3 Estimates of interaction between 25OH D3 and microbial

translocation and markers of systemic inflammation in HIV and control.

Dependent variable Beta-coefficient 95% CI P-value

sCD14 0.00 �0.00, 0.01 0.140

LPS 0.01 �0.39, 0.42 0.940

MCP-1 �0.11 �1.05, 0.83 0.820

Calprotectin 0.00 �0.05, 0.04 0.860

IFNc �0.03 �0.08, 0.01 0.140

IL4 0.02 �0.06, 0.10 0.670

IL6 �0.02 �0.07, 0.02 0.330

IL10 �0.01 �0.06, 0.05 0.840

IL17 �0.04 �0.09, 0.02 0.160

hsCRP 0.01 �0.04, 0.06 0.640

Multiple regression analysis of vitamin D, microbial translocation and

systemic inflammation, adjusting for age, BMI, vitamin D supplemen-

tation and smoking. Linear regression was used for continuous markers

(sCD14, LPS, MCP-1). Logistic regression analysis was conducted when

the inflammatory markers were treated as binary (hsCRP, f-calprotectin,

IFN-c, IL-4, IL-10 and IL-17). HsCRP was dichotomized with a cut point

of 1 due to undetectable levels in 6 samples (2 HIV and 4 controls), and a

skewed profile in the HIV population. Logistic regression was also used for

IL-6 to compensate for a skewed distribution.
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HIV is an independent risk factor for increased sCD14 and

hsCRP

To investigate why our well-treated HIV patients had
higher levels of sCD14 and hsCRP, two regression analyses
per inflammatory marker were conducted; one with HIV as
an independent variable and one where possible confound-
ers were added. We chose age, smoking and cholesterol
levels as these are variables known to affect inflammation,
but also because these variables were significantly higher in
the HIV cohort. The independent variables neither
changed the estimates for HIV, nor changed the confidence
interval substantially (Table 4). Thus, HIV infection
remained an independent risk factor for the increased
levels of sCD14 and hsCRP present in the HIV cohort.

Discussion

Statement of principal findings

The main finding of this study is that vitamin D levels did
not differ between chronic HIV patients and controls.
Vitamin D levels were similarly distributed and equally
low in both groups. There was no discernable association
between vitamin D levels in serum and markers of MT,
systemic inflammation or dyslipidemia. Levels of LPS were
not increased in the HIV cohort and f-calprotectin did not
serve as a valuable marker to evaluate the degree of
intestinal disturbance or inflammation. However, despite
perfect virological control for many years, these HIV
patients still expressed a higher degree of immune

activation, as detected by increased levels of the monocyte
activation marker sCD14 and the acute-phase-reactant
hsCRP, with HIV infection as an independent risk factor.

Strengths and weaknesses

To our recollection, this is the first study of vitamin D in
relation to MT, inflammatory activation and blood lipids
in a uniquely homogenous cohort of Swedish HIV patients
of Caucasian decent on HAART with long-standing viral
control (immeasurable viral load and CD4 levels within
normal range since median 6.5 years). The cohort has been
followed for several years and is well documented in terms
of metabolic and cardiovascular risk factors as well as HIV
viral control and medical adherence. They have no other
known inflammatory diseases, or co-infections and share
the same genetic background as the majority of the
Swedish population.

We believe that this group is representative of a
majority of Caucasian HIV patients in Sweden and might
also represent a large portion of chronic HIV patients in
the western world. Furthermore, this study it is one of the
first where faecal calprotectin is analysed in chronic HIV
patients as a marker of intestinal inflammation.

We acknowledge that the analyses might be affected by
limited sample size and unmatched controls in terms of
age. One-fourth of the HIV populations took vitamin D
supplements ranging from 400 to 1400 IU/day (400 IU:
n = 8, 800 IU: n = 11, 1400 IU: n = 8) with a possible
confounding effect. However, if vitamin D supplementa-
tion at this level indeed influenced MT, inflammatory and
lipid biomarkers, it could be expected that those individ-
uals would differ from the non-supplemented patients with
regard to the analysed parameters. Importantly, we could
not observe such an effect. However, we cannot rule out
that those patients on vitamin D supplementation had
disturbed markers before the supplementation was initi-
ated. It should be noted that the study was not designed to
study the interventional role of vitamin D but rather
constitutes a cross-sectional study to prepare for a future
interventional trial.

A major limitation of the study is that the HIV and
control samples were taken at different time points over the
year when comparing vitamin D levels. HIV samples were
collected from January to August, whereas controls were
collected from September to December. Indeed, analyses of
vitamin D levels excluding the summer months (May–
August) when the solar intensity is strong enough to
stimulate vitamin D synthesis [37], demonstrated signif-
icantly lower vitamin D levels in the HIV cohort
(P = 0.044). However, a subgroup analysis of vitamin D-
deficient HIV patients showed that, other than IL-6, there
was no difference in levels of microbial translocation,
systemic inflammation or dyslipidemia. Nor was there a
correlation between vitamin D levels, LPS, inflammatory

Table 4 Association between HIV and hsCRP, or sCD14 in HIV

patients.

Inflammation

marker

Independent

variable Estimate 95% CI P-value

hsCRP (model 1) HIV 1.50 0.59, 2.40 0.001

hsCRP (model 2) HIV 1.46 0.42, 2.50 0.006

Vitamin D �0.00 �0.02, 0.01 0.704

Age 0.00 �0.05, 0.05 0.915

BMI 0.17 0.03, 0.30 0.017

Smoker 0.47 �0.46, 1.41 0.321

sCD14 (model 1) HIV 0.368 0.242, 0.493 <0.001
sCD14 (model 2) HIV 0.394 0.247, 0.540 <0.001

Vitamin D 0.001 �0.003, 0.005 0.573

Age �0.004 �0.012, 0.004 0.375

BMI �0.009 �0.031, 0.013 0.431

Smoker 0.008 �0.196, 0.212 0.940

Regression analysis of the inflammation markers hsCRP and sCD14 in the

HIV cohort, with and without the variables vitamin D, age, BMI and

smoking, demonstrating that HIV is an independent risk factor behind

the observed inflammation. HsCRP was treated as binary with a cut point

of one due to undetectable levels in 2 samples and a skewed distribution

and analyzed by logistic regression with the estimate representing log-

odds ratio. Linear regression was used for sCD14 with the estimate

representing beta coefficient.
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markers or lipids. Moreover, a study of intra-individual
variations in serum vitamin D levels in a healthy Swedish
adult population with a mean age of 40.5 � 13.0 years
demonstrated very similar levels and distribution over the
months [38]. The incidence of vitamin D deficiency
(<25 nmol/l) was also strikingly similar to those we found
in the HIV cohort and controls (5.1% versus 9% and 7%,
respectively). The notion that the vitamin D levels
recorded in this study may represent a Swedish population
living at the 58th latitude is further corroborated by a
previous patient study performed by our group in Stock-
holm Sweden, demonstrating similar median vitamin D
levels (50 nmol/l) [39] as the ones demonstrated in the
HIV cohort (50 nmol/l) and controls (56 nmol/l) of this
study.

Relation to other studies

In concordance with previously published studies, this
cohort of chronic HIV patients exhibited enhanced levels of
sCD14 and hsCRP [40, 41], as well as a disturbed lipid
profile with increased levels of ‘bad’ cholesterol (total
cholesterol, non-HDL cholesterol and Apo B) [42]. How-
ever, we did not observe an overrepresentation of vitamin D
deficiency, nor did we see an association between vitamin D
deficiency and increased systemic inflammation as demon-
strated by two recent European studies by Ansemant et al.
and Legai et al. [43, 44].

Possible explanations to this observed disparity could be
the differences in study populations. Compared with our
study, their results are based on more heterogeneous HIV
cohorts of mixed sex and ethnical origin with a large
percentage of black participants and patients co-infected
with hepatitis. They also had larger study populations
(Ansemant no = 263, Legai no = 355) whereas our study
is relatively small with an inherent risk for type II error,
masking a true difference between the groups. It is also
possible that the differences in vitamin D levels are caused
by residual confounders and lifestyle factors not controlled
for. In fact, multivariate analysis showed that smoking was
positively associated with vitamin D deficiency in both of
these studies. This result is also reflected in our study
where HIV patients that smokes have significantly lower
median levels of vitamin D.

Meaning of the study

The overall aim of the current study was to provide
baseline data for a future interventional trial testing the
hypothesis that vitamin D could reduce microbial trans-
location, dampen inflammation and have beneficial effects
on blood lipids. As the associations between these outcome
measurements and vitamin D status appear to be weak in
chronic Swedish HIV patients, the rationale for such an
interventional trial is not convincing. One might argue

that the increased levels of hsCRP and sCD14 seen in the
HIV cohort may correlate more to smoking and other
lifestyle-associated confounders, as suggested by Valiathan
et al. [45].

However, vitamin D supplementation could still play a
role in curbing acute inflammation in the early phase of
HIV disease where gut enteropathy is pronounced and
levels of LPS is markedly enhanced. An interventional
study on vitamin D supplementation in patients with
chronic kidney disease demonstrated reduced levels of
endotoxins measured by the Endotoxin Activity Assay [46].
Similarly, we cannot rule out that vitamin D could have
positive effects if given very early in the HIV disease
process, but this speculation needs to be tested in clinical
trials. In addition, it is possible that vitamin D contributes
to the protection against concomitant bacterial infections
in HIV patients, as a randomized and placebo-controlled
trial on vitamin D supplementation in HIV-infected
youths showed an enhanced antibacterial immune response
[35].

In conclusion

We find that well-controlled HIV patients on long-term
HAART have similar vitamin D levels as controls. Despite
perfect virological control, the HIV-group exhibit a
slightly increased inflammatory component and disturbed
blood lipids. However, neither of these parameters were
associated with low vitamin D levels but appeared to be
exclusively linked with the HIV-disease per se. Thus, we do
not foresee a large interventional trial where vitamin D
given to chronic HIV patients in Sweden, but rather
suggest that HIV patients are continuously monitored for
life style factors known to influence inflammatory disease
with strong recommendations to stop smoking.
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