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Background: Vitamin D insufficiency plays an important role in the development of fibrosis in chronic liver
disease.
Methods: This was a cross-sectional study from Thailand.
Liver fibrosis was assessed by transient elastography.
Serum 25 hydroxyvitamin D (25[OH]D)<30 ng/ml was
defined as hypovitaminosis D. 25(OH)D was assessed
prior to and following tenofovir disoproxil fumarate
(TDF). Factors related to 25(OH)D levels were determined
by logistic regression analysis.
Results: A total of 158 HIV–HBV-coinfected patients
(32% female, median age 43 years) were included. Overall, liver disease was mild with 13.4% having a fibrosis score (FS) of 7.1–14 kPa and 2% with a FS>14 kPa.
Median (IQR) duration on TDF was 5 years (4–7). The
median estimated glomerular filtration rate was 96.9
ml/min/1.73 m2. The median (IQR) serum 25(OH)D levels
prior to and following TDF were 24.8 ng/ml (21.3–30.6)

and 22.8 ng/ml (18.0–27.7), respectively; P≤0.001). The
proportion of patients with hypovitaminosis D significantly increased from 72.2% (95% CI 64.7, 78.6) prior
to TDF to 84.2% (95% CI 77.7, 89.0) after taking TDF
(P=0.01). Factors associated with hypovitaminosis D by
multivariate analysis were female sex (adjusted OR 3.8,
95% CI 1.1, 13.7; P=0.038) and duration of antiretroviral therapy (ART)>5 years (OR 3.3, 95% CI 1.2, 8.8;
P=0.017). Vitamin D levels were not associated with significant liver fibrosis.
Conclusions: Although our HIV–HBV-coinfected patients
live in the tropics, there was a high prevalence of hypovitaminosis D, especially in female patients and those
receiving prolonged ART. Since HIV–HBV-coinfection
requires long-term use of the HBV-active drug, TDF,
which can also contribute to bone loss, routine vitamin
D assessment and supplementation as necessary should
be considered.

Introduction
Chronic hepatitis B (CHB) remains a major global
public health problem. Despite the availability of a
highly-effective vaccine since 1982, it is estimated that
>350–400 million people around the world have been
infected with HBV and nearly 75% of them are from
the Asia Pacific region [1]. In addition, 15% to 40% of
©2014 International Medical Press 1359-6535 (print) 2040-2058 (online)

AVT-13-OA-2891_Avihingsanon.indd 41

those patients are at risk of developing cirrhosis and/or
liver cancer if treatment is not administered. HIV–HBV
coinfection accelerates the progression of HBV disease
resulting in a higher rate of chronic hepatitis, endstage liver disease and hepatocellular carcinoma [2,3].
The prevalence of CHB in HIV-infected patients varies
41
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between 4–10% in Europe and the US [4,5] and 9–10%
in Thailand [6–9].
Vitamin D plays a major role in calcium homeostasis and bone health. In addition to its effect on bone
metabolism, vitamin D is now widely recognized as a
crucial factor involved in the immune system, inflammatory response and fibrogenesis [10]. It is thought
that optimal calcium absorption is correlated with
a serum 25-hydroxyvitamin D (25[OH]D) level of
≥30 ng/ml. Lower levels result in an increased production of parathyroid hormone [10,11]. However, the
optimal vitamin D level for non-skeletal functions is
not fully understood.
Vitamin D from the skin and diet is first hydroxylated in the liver to 25(OH)D, which is transported to
the kidney, then undergoes a second hydroxylation to
be converted into 1,25(OH)D in the proximal renal
tubule [10]. Therefore, any disease in the liver and
proximal renal tubule would interfere with production of the active metabolites of vitamin D, resulting
in hypovitaminosis D (serum 25[OH]D of <30 ng/ml)
and abnormal calcium and bone metabolism. Hypovitaminosis D has been reported in up to 80% of adult
HIV-infected individuals from countries at high latitude [12–15] and tropical countries [16,17]. Approximately 68–92% of patients with chronic liver disease
(mainly due to alcoholism and HCV infection) have
hypovitaminosis D [18]. Recent studies conducted in
HCV-infected Caucasians found that low serum levels of 25(OH)D were positively correlated with severe
liver fibrosis in patients with HCV genotype 1 [19]
and in HIV–HCV-coinfected patients [20]. Little is
known about hypovitaminosis D in patients infected
with CHB, with or without HIV coinfection. There has
been one case report of severe vitamin D deficiency in
an HIV–HBV-coinfected patient treated with tenofovir
disoproxil fumarate (TDF) [21].
Approximately 22% of HIV-infected patients treated
with TDF were reported to have subclinical tubular
dysfunction [22]. Furthermore, TDF-related bone loss
and/or osteomalacia have been reported [23–27]. Antiretroviral treatment [28,29] and chronic liver disease
[30] may contribute to further bone loss. In HIV–HBV
coinfection, long-term TDF treatment is required.
Interestingly, efavirenz has also been implicated in vitamin D deficiency [31,32].
Unfortunately there are no data on vitamin D status and its role in HIV–HBV coinfection. Our primary
objective was to evaluate serum levels of 25(OH)D in
a large, longitudinal cohort of HIV–HBV-coinfected
patients from Thailand, who have been in follow-up
for a median duration of 10 years. Serum 25(OH)D
levels were determined prior to and following TDF
use. The correlation of serum 25(OH)D levels and significant liver fibrosis/cirrhosis was also assessed.
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Methods
Study design and participants
We performed a cross‑sectional study among participants enrolled in the HIV Netherlands Australia
Thailand Research Collaboration (HIV-NAT), Bangkok, Thailand. They were a part of the HIV-NAT 006
cohort, a prospective longitudinal cohort study initiated in 1996. Bangkok is located at 13°45'N and
100°30'E in the middle of Thailand. The city has a
tropical climate, with high temperatures and high
humidity levels. Thailand basically has two distinct
seasons: the dry season (from November to April)
and the rainy season (from May to October). This
study took place between July 2011 and 30 September 2012.
All clinical details including the antiretroviral therapy (ART) regimen, CD4+ T-cell counts, HIV RNA
viral load, serum creatinine, aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
were extracted from the HIV-NAT 006 database.
Other clinical data collected included: use of steroids
6 months before sample collection, smoking, alcohol
use, menopausal status, use of vitamin D/calcium supplements and fracture. All patients had stored plasma
and/or serum samples at cohort entry and yearly
thereafter. Patients had been asked to fast for ≥10 h
prior to having their blood drawn. All patients had
provided appropriate consent. Additional samples
were collected for 25(OH)D testing from patients
who visited our clinic during 1 July 2011 to 30 September 2012. The 25(OH)D levels were quantified
from the stored samples prior to TDF initiation.
HIV-infected adults (aged ≥18 years) with CHB were
selected from the database. CHB was defined as hepatitis B surface antigen-positive on at least two occasions >6 months apart. Patients were excluded if they
had chronic diarrhoea, or a history of corticosteroids,
anticonvulsants or rifampicin use 6 months prior to the
time of blood collection. People who reported injected
drug use were also excluded.
This cohort was reviewed and approved by the
Institutional Review Boards of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.

Serum 25(OH)D measurement

Blood was drawn from after ≥10 h of fasting to
determine the levels of 25(OH)D. Whole blood samples were centrifuged at 2,500 rpm for 20 min and
plasma was stored at -80°C until use. 25(OH)D was
tested in serum by the Architect chemiluminescent
microparticle immunoassay (CMIA; Abbott, Barcelona, Spain) to quantitate the levels of 25(OH)
D according to the manufacturer’s instruction.
Serum levels of 25(OH)D<30 ng/dl were defined as
©2014 International Medical Press
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hypovitaminosis D. The Architect 25(OH)D assay
has an imprecision of <10% within laboratory
(total) coefficient variation.

Liver fibrosis and cirrhosis assessment
Liver fibrosis was assessed by transient elastography
(TE; FibroScan, Echosens, Paris, France) at the King
Chulalongkorn Memorial Hospital. TE was performed
by one FibroScan specialist who was unaware of patient
participation in this study. Abdominal ultrasound was
performed in parallel with TE.
The AST/platelet ratio index (APRI) score was calculated using the formula presented by Wai et al. [33] as
follows: (AST/upper limit of normal considered as 40
IU/l)/(platelet count ×109/l). The Fibrosis 4 score (Fib4) was calculated using the formula presented by Sterling et al. [34] as follows: (age ×AST)/(platelet count
×[ALT]1/2). Significant liver fibrosis was defined as fibrosis score >7.1 kPa, APRI>0.5 or Fib-4>1.45.
The diagnosis of cirrhosis was established by the
combination of definitive clinical or biochemical
evidence (Fib-4>3.25), fibrosis score >14 kPa or by
abdominal ultrasound of the liver showing cirrhosis
or splenomegaly with portal hypertension.

Proximal tubular function assessment
Tubular parameters were assessed in blood and in 24 h
urine. Samples were drawn in the morning after a 10 h
overnight fast. Venous blood variables included glucose, creatinine, sodium, potassium, chloride, bicarbonate, phosphorus, total calcium, uric acid, albumin
and total protein. Urine variables included glucose,
creatine, phosphorus, uric acid, albumin, proteins and
b2 microglobulin. Urine was also examined for white
and red blood cells, and urine pH. All parameters of
renal proximal tubular function were performed at the
laboratory of the Division of Nephrology, Chulalongkorn University.
The glomerular filtration rate was estimated
(eGFR) using the Modification of Diet in Renal Disease equation [35]. Proximal tubular dysfunction
(PRTD) was defined on the basis of the presence of
≥2 out of 5 of the following criteria [22]: fractional
tubular absorption of phosphorus: (1-[(urine phosphorus × plasma creatinine)/(plasma phosphorus
× urine creatinine)])<0.80 or tubular maximum for
phosphorus corrected for eGFR plasma phosphorus([urine phosphorus × plasma creatinine]/urine creatinine)<2.6 mg/dl; total excretion of phosphorus
(urine phosphorus × urine volume)>1,200 mg daily;
fractional excretion of uric acid: (1-[(urine uric acid
× plasma creatinine)/(plasma uric acid × urine creatinine)]×100)>15%; b2 microglobulin >1 mg/day
or b2 microglobulin/urinary creatinine >0.3 mg/l;
and non-diabetic glucosuria (urine glucose >300 mg/
Antiviral Therapy 19.1
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day or positive urine glucose) with normal glycaemia
(plasma glucose <100 mg/dl).
Determination of urine b2 microglobulin was
performed using immunonephelometry (BN II
DADE, Behring, Barcelona, Spain).

Statistical analyses
Data analyses were performed using STATA version
11.2 (Stata Corp., College Station, TX, USA). For
descriptive analyses, the frequencies of the categorical
variables were calculated, while medians and IQRs
were calculated for continuous variables. Each variable was correlated to vitamin D status. The magnitude of the associations was expressed as an OR and
95% CI. Pearson correlation coefficients were used
to explore the association between serum vitamin D
levels and potential risk factors. For the multivariate analysis, multiple logistic regression analysis was
used. Variables with a P-value <0.1 in the univariate
analysis were tested in the final model.

Results
Study population and vitamin D status
A total of 178 eligible HIV–HBV-coinfected patients
were identified. However, only 158 HIV–HBV-coinfected patients had stored serum for 25(OH)D prior
to initiating TDF. None of these patients were taking steroid, vitamin D or calcium supplements at
the time of study nor had a history of fracture. The
clinical details are summarized in Table 1. Overall,
the median age was 43 years, the majority (68%)
were male, and 62% had their blood drawn during
the rainy season (May–October). Most of them had
stored samples prior to and following TDF in the same
season. Current minimal alcoholic consumption was
reported by 43.1%. All patients were receiving combination antiretroviral therapy (cART). The median
CD4+ T-cell count was 513 cells/mm3 and 91.7% had
HIV RNA<50 copies/ml. The median eGFR was 96.9
ml/min/1.73 m2. Median time on cART was 8 years
(IQR 6–13) and 131 (82.9%) patients had been on
cART for >5 years. The median time on TDF was 5
years (IQR 4–7). The Fib-4 index was consistent with
bridging fibrosis/cirrhosis (index >3.25) in 3.25%.
Overall, a fibrosis score of >7.1 kPa and >14 kPa by
FibroScan were seen in 13.4% and 2.1% of participants, respectively.

Serum 25(OH)D levels
Patients with hypovitaminosis D were more often
female and more often on cART for >5 years when
compared to those with normal vitamin D levels.
The prevalence of hypovitaminosis D (vitamin D
insufficiency defined as 25[OH]D 20–30 ng/ml, and
43
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Table 1. Demographic and clinical characteristics of 158
HIV–HBV-coinfected patients

2.60 (1.7–4.7)

deficiency defined as 25[OH]D<20 ng/ml) prior to
and following TDF are presented in Figure 1. The
median serum 25(OH)D level prior to taking TDF
was 24.8 ng/ml (IQR 21.3–30.6). The median serum
25(OH)D level after taking TDF for a median of
5 years was 22.8 ng/ml (IQR 18.0–27.7). The median
change of serum 25(OH)D level was -3.1 ng/ml (IQR
-7.2–2.4; P<0.001). After initiating TDF, the median
(IQR) serum 25(OH)D levels changed each year by
0.04 ng/ml (IQR -0.4–0.5). The proportion of patients
with hypovitaminosis D significantly increased from
72.2% (95% CI 64.7, 78.6) prior to taking TDF to
84.2% (95% CI 77.7, 89.0) after taking TDF (P=0.01).
One-third (33.5%) of patients had vitamin D deficiency after taking TDF. The median serum 25(OH)
D levels were 26.4 ng/ml (IQR 21.8–28.2) and 23.1
ng/ml (IQR 18.0–28.6) for cirrhotic and non-cirrhotic
patients respectively (P=0.235). Only three patients
switched their ART regimen after using TDF due to
renal toxicity.

144 (91.72)
59 (37.3)

Renal function, proximal tubular dysfunction and
hypophosphatemia

11 (7.0)
89 (56.3)
51 (32.3)
8 (6-13)
131 (82.9)
16 (10.1)
70 (44.3)

eGFR at TDF initiation was 90.6 ml/min/1.73 m2 (IQR
77.5–104.9) and it was 90.4 ml/min/1.73 m2 (IQR
78.1–101.9) at the last follow-up visit. There was no
significant change of eGFR prior to and after long-term
TDF therapy (P=0.726).
Of 119 (75.3%) HIV–HBV-coinfected patients with
available serum phosphate, 8 (6.72%) had hypophosphatemia (PO4<2.5 mg/dl). The median phosphate

Characteristic

Value

Female gender, n (%)
Menopause, n (%)
Median current age, years (IQR)
Route of HIV transmission
Heterosexual, n (%)
MSM, n (%)
IDUs, n (%)
MSM and IDU, n (%)
Others/unknown, n (%)
Season
Dry, n (%)
Rainy, n (%)
Median CD4+ T-cell count at time
of TDF initiation, cells/mm3 (IQR)
Median current CD4+ T-cell count,
cells/mm3 (IQR)
Median HIV RNA at time of TDF
initiation, log10 copies/ml (IQR)
Current HIV RNA<50 copies/ml, n (%)
d4T exposure, n (%)
Current cART-based regimen
Nevirapine
Efavirenz
PI/boosted PI
Median duration of ART, years (IQR)
ART>5 years, n (%)
Diabetes, n (%)
Hypertension, n (%)
APRI
<0.5, n (%)
0.5–1.5, n (%)
>1.5, n (%)
Fib-4
≤1.45, n (%)
>1.45–3.25, n (%)
>3.25, n (%)
Median FibroScan score, kPa (IQR)
FibroScan score
>7.1–14 kPa, n (%)
>14 kPa, n (%)
Median baseline ALT, IU/l (IQR)
Median current ALT, IU/l (IQR)
Median baseline eGFR, ml/min/1.73 m2 (IQR)
Median current eGFR, ml/min/1.73 m2 (IQR)
Median vitamin D level, ng/ml (IQR)
Vitamin D status
>30 ng/ml, n (%)
20–30 ng/ml, n (%)
10–20 ng/ml, n (%)
<10 ng/ml, n (%)

51 (32.28)
5 (9.8)
43 (37–47)
100 (63.3)
48 (30.4)
1 (0.6)
2 (1.3)
7 (4.4)
60 (37.97)
98 (62.03)
283 (150–430)
513 (388–667)

114 (74.03)
37 (24.03)
3 (1.95)
121 (78.57)
28 (18.18)
5 (3.25)
4.9 (4.3–6.1)

Normal vitamin D, 25(OH)D>30 ng/ml

25 (15.82)
81 (51.27)
51 (32.28)
1 (0.63)
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Vitamin D insufficiency, 25(OH)D 20–30 ng/ml
Vitamin D deficiency, 25(OH)D<20 ng/ml
60
50
25(OH)D, ng/ml

13 (13.4)
2 (2.1)
43 (28–63)
41 (31–51)
90.6 (77.5–104.3)
96.9 (82.6–109)
22.8 (18–27.7)

Total n=158. ALT, alanine aminotransferase; APRI, aspartate aminotransferase/
platelet ratio index; ART, antiretroviral therapy; cART, combination antiretroviral
therapy; d4T, stavudine; eGFR, estimated glomerular filtration rate; Fib-4,
Fibrosis 4 score; IDUs, intravenous drug users; MSM, men having sex with men;
PI, protease inhibitor; TDF, tenofovir disoproxil fumarate.
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Figure 1. Summary of prevalence of vitamin D insufficiency
and deficiency prior to and after TDF
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Prior to TDF (n=158)

After TDF (n=158)

TDF, tenofovir disoproxil fumarate; 25(OH)D, 25 hydroxyvitamin D.
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was 3.5 mg/dl (IQR 3.1–3.8). Tubular function was
assessed in 90 (57%) subjects, among whom 13
(14.4%) had proximal tubular dysfunction.

Identification of risk factors for hypovitaminosis D
Only female gender and duration of cART>5 years
were significantly associated with hypovitaminosis
D by univariate analysis (Table 2). In the multivariate analysis, female gender (adjusted OR 3.8 [95%
CI 1.1, 13.7]; P=0.038); and duration of cART>5
years (adjusted OR 3.3 [95% CI 1.2, 8.8]; P=0.017)
remained statistically significant.

Correlation of liver fibrosis, cirrhosis and serum
25(OH)D levels
Compared to those without cirrhosis, patients with
cirrhosis were more often male (93% versus 62%),
and more often had Fib-4>1.45 (43% versus 16%).
Only Fib-4>1.45, APRI>0.5 and male gender were significantly associated with significant liver fibrosis by
univariate analysis. However, in the multivariate analysis, only Fib-4>1.45 (OR 3.7 [95% CI 1.05, 13.1];
P=0.042) and male gender (OR 8.3 [95% CI 1.01,
67.4]; P=0.049), remained statistically significant.
Vitamin D levels were not associated with significant
liver fibrosis.

Discussion
In this study, we analysed serum 25(OH)D levels in
HIV–HBV-coinfected patients prior to and after longterm cART, and evaluated predictors for hypovitaminosis D and the association of 25(OH)D and liver
fibrosis/cirrhosis. The most striking findings of our data
included: the high prevalence of hypovitaminosis D in
HIV–HBV coinfection (84.2%, 95% CI 77.7, 89.0)
compared with HIV–HCV coinfection (61.5%, 95%
CI 52.3, 69.9) [36], HIV monoinfection (71.7%, 95%
CI 64.9, 78.0) [37] and the general population (64.6%,
95% CI 62.8, 66.4) [38] from Bangkok, Thailand; the
decline in serum 25(OH)D after a median of 5 years on
TDF treatment and 8 years of cART; the lack of association between serum 25(OH)D levels and cirrhosis/liver
fibrosis; the lack of association between serum 25(OH)
D levels and efavirenz or TDF; and low prevalence of
severe liver fibrosis/cirrhosis in our HIV–HBV-coinfected patients (5.9% had fibrosis score >9.5 kPa) compared to our HIV–HCV-coinfected patients (48.8%)
[36] using the same FibroScan machine.
Although Thailand is a tropical country where
sunshine is abundant all year, we found a high prevalence of hypovitaminosis D in HIV–HBV-coinfected
patients. There are limited data regarding vitamin
D levels in CHB. A recent study from New York,
NY, USA, reported that 73% of HBV-monoinfected
Antiviral Therapy 19.1
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patients had hypovitaminosis D [39]. Vitamin D status in HIV–HBV-coinfected patients has not been systematically explored in either high latitude or tropical countries. Only one case of severe vitamin D deficiency in an HIV–HBV-coinfected patient treated with
TDF has been reported so far [21].
It has been well established that certain types of seasons are associated with lower vitamin D levels [40].
However in this study, this was not the case. Seasonality
was not associated with vitamin D levels. There were no
differences in vitamin D levels during the dry (November–April) and the wet/rainy (May–October) seasons.
This finding contradicts reports from Western countries
where low levels of vitamin D were more commonly
found during the winter season [41].
The weather in Thailand and nature of Thai people might in part explain these discordant results.
Indeed, Thailand has only two seasons: the dry season (November–April) and wet season (May–October). Although the sun ray is extremely strong in the
dry season compared to in the wet season, the majority of Thai people try to avoid sun exposure by using
sun protection gears such as sunscreen and umbrellas.
Aside from the behavioural changes and increased use
of sun protection, increased urbanization and officebased work could contribute to hypovitaminosis D.
Polluted air in Bangkok may have blocked the sun
rays from reaching the skin resulting in lower production of vitamin D [42,43]. In addition, fortified food
with vitamin D and food naturally rich with vitamin
D are less affordable [38]. TDF-based cART may be
associated with proximal tubular dysfunction, resulting in prolonged phosphate wasting and osteopenia/
osteoporosis [44]. In this study, the serum levels of
25(OH)D noticeably declined after a median of 5
years of TDF treatment and 8 years of cART. However, it is possible that age could have contributed
to the decreased levels of vitamin D. Other factors
such as ART regimen and consumption of vitamin D/
calcium were constant throughout follow-up. From
the multivariate analysis, only female sex and taking cART for >5 years were independently associated
with vitamin D levels. Females were 3.8× more likely
than males to develop hypovitaminosis D. In addition,
cART use of >5 years increased the risk of developing
hypovitaminosis D by 3.3-fold.
When the use of TDF was further investigated, it
was discovered that serum phosphate and tubular
function were not correlated with vitamin D levels
and TDF. Only 6.7% and 14.4% of our HIV–HBVcoinfected subjects had serum phosphate <2.5 mg/dl
and PRTD, respectively.
Efavirenz-based cART has also been associated with
low serum 25(OH)D levels [32,45,46]. It is thought
that efavirenz induces the 24 hydroxylase enzyme,
45
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Table 2. Logistic regression analysis of vitamin D insufficiency/deficiency and associated factors

Characteristic

Normal (25[OH]D
>30 ng/ml; n=25)

Vitamin D group
Insufficient/deficient
Unadjusted OR		
(25[OH]D≤30 ng/ml; n=133) (95% CI)
P-value

Adjusted OR
(95% CI)

Median present age, years (IQR)
38 (33–45)
43 (38–48)
–
–		
Age<50 years
22 (16.92)
108 (83.08)
Ref
0.419		
Age≥50 years
3 (10.71)
25 (89.29)
1.7 (0.5, 6.1)
–		
Median current age, years (IQR)
32 (28–37)
33 (29–39)
–
–		
Current age<33 years, n (%)
13 (16.67)
65 (83.33)
Ref
0.774		
Current age≥33 years, n (%)
12 (15.00)
68 (85.00)
1.1 (0.5, 2.7)
–		
Gender						
Male, n (%)
22 (20.56)
85 (79.44)
Ref
0.027
Ref
Female, n (%)
3 (5.88)
48 (94.12)
4.1 (1.2, 14.6)
–
3.8 (1.1, 13.7)
Body mass index						
<25 kg/m2, n (%)
18 (14.52)
106 (85.48)
1.5 (0.5, 4.3)
0.413		
≥25 kg/m2, n (%)
6 (20.69)
23 (79.31)
Ref
–		
EFV-containing regimen						
No, n (%)
11 (15.94)
58 (84.06)
Ref
0.971		
Yes, n (%)
14 (15.73)
75 (84.27)
1.0 (0.4, 2.4)
–		
Ritonavir-containing regimen						
No, n (%)
21 (16.03)
110 (83.97)
Ref
0.875		
Yes, n (%)
4 (14.81)
23 (85.19)
1.1 (0.3, 3.5)
–		
					
TDF-based ART
No, n (%)
4 (21.05)
15 (78.95)
Ref
0.508		
Yes, n (%)
21 (15.11)
118 (84.89)
1.5 (0.5, 5.0)
–		
Duration of TDF						
≥5 years, n (%)
14 (15.56)
76 (84.44)
1.1 (0.4, 2.7)
0.905		
<5 years, n (%)
8 (14.81)
46 (85.19)
Ref
–		
					
Duration of ART
<5 years, n (%)
9 (33.33)
18 (66.67)
Ref
0.009
Ref
≥5 years, n (%)
16 (12.21)
115 (87.79)
3.6 (1.4, 9.3)
–
3.3 (1.2, 8.8)
Advanced fibrosisa						
No, n (%)
13 (14.29)
78 (85.71)
Ref
0.231		
Yes, n (%)
2 (33.33)
4 (66.67)
0.3 (0.1, 2.0)
–		
eGFR						
<60 ml/min/1.73 m2, n (%)
1 (12.50)
7 (87.50)
1.3 (0.2, 10.9)
0.823		
≥60 ml/min/1.73 m2, n (%)
23 (15.44)
126 (84.56)
Ref
–		
HBV genotype						
Genotype C, n (%)
13 (15.48)
71 (84.52)
2.3 (0.7, 7.5)
0.179		
Non-genotype C, n (%)
5 (29.41)
12 (70.59)
Ref
–		
d4T exposure, n (%)
7 (11.86)
52 (88.14)
1.7 (0.6, 4.2)
0.296		
Season						
Dry, n (%)
13 (21.67)
47 (78.33)
Ref
0.120		
Rainy, n (%)
12 (12.24)
86 (87.76)
2.0 (0.8, 4.7)
–		
Proximal tubular dysfunction						
No, n (%)
11 (14.67)
64 (85.33)
1.1 (0.2, 5.4)
0.946		
Yes, n (%)
2 (15.38)
11 (84.62)
Ref
–		

P-value

0.038
–

0.017
–

FibroScan>9.5 kPa. ART, antiretroviral therapy; d4T, stavudine; EFV, efavirenz; eGFR, estimated glomerular filtration rate; Ref, reference; TDF, tenofovir disoproxil
fumarate.

a

which hydrolyzes 25(OH)D and 1,25(OH)2D to the
inactive form, resulting in low serum 25(OH)D levels. However, only one-half of our patients were on
efavirenz at the time of study and no correlation was
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detected between efavirenz and 25(OH)D levels. The
lack of association between serum 25(OH)D levels
and efavirenz or TDF was also unexpected, but may
be due in part to the small sample size.
©2014 International Medical Press
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Chronic liver disease has been implicated in vitamin
D deficiency. The liver plays an important role in vitamin D metabolism by converting vitamin D from the
skin and diet into 25(OH)D [10]. There is evidence
that the prevalence of vitamin D deficiency is high
among patients with advanced liver disease [18,20].
However the findings in this study did not support
this. We found that the prevalence of advanced fibrosis in our HIV–HBV-coinfected patients was low. The
lower liver fibrosis is partly explained by early HBVactive cART treatment at an early phase of chronic
hepatitis B disease. Thus, low serum 25(OH)D in our
HIV–HBV-coinfected patients could not be explained
by advanced liver disease.
Recently, it has been reported that patients with
chronic HCV genotype 1 had low serum levels of
25(OH)D as well as severe liver fibrosis [19,20]. In
addition, low vitamin D levels tended to be more common in patients with advanced stage fibrosis and cirrhosis [18,39]. However, in this study, only 2% of the
HIV–HBV-coinfected patients had cirrhosis. It is possible that not all patients with cirrhosis in the study
were detected because cirrhosis was defined as TE>14
kPa, Fib-4 index >3.25 and imaging of liver due to the
lack of availability of liver biopsy. However, fibrosis
score and Fib-4 score have been well validated and
can differentiate between mild/moderate fibrosis and
bridging fibrosis/cirrhosis in HIV–HCV-coinfected
populations [34].
For this study, we also identified that low levels of
vitamin D could exist in patients who have CHB, but
have not yet developed serious liver damage. Thus,
vitamin D should always be measured in HIV–HBVcoinfected patients. The high prevalence of hypovitaminosis D in our HIV–HBV-coinfected patients is of
concern for both skeletal- and extra-skeletal-related
vitamin D deficient conditions. This deficiency in
the HIV–HBV-coinfected population can be serious,
considering that many patients are treated with longterm TDF-containing ART that can also contribute to
future osteopenia/osteoporosis. In addition, as vitamin D is a potent regulator of proliferation, differentiation and migration of fibroblasts and vascular
smooth muscle cells, low vitamin D could be a signal for fibrinogenesis, resulting in more liver fibrosis
and cirrhosis.
Intact parathyroid hormone levels (iPTH) stimulate
the 1-a-hydroxylase enzyme which converts 25(OH)
D to 1,25-dihydroxyvitamin D. Elevated iPTH has
been found in obese patients which could contribute
to low levels of 25(OH)D [10]. Vimaleswaran et al.
[47] performed bi-directional Mendelian randomization analysis on 42,024 participants from 21 studies;
they reported that each 10% increase in body mass
index (BMI) will lead 25(OH)D concentrations to
Antiviral Therapy 19.1
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decrease by 4.2%. In our study, 26 (16.2%) patients
and 4 (2.6%) patients had BMIs of 25–29.9 kg/m2
and ≥30 kg/m2, respectively. A total of 22 patients
from the former group, and all 4 from the latter group
had hypovitaminosis D. However, we could not find
a significant association between BMI and hypovitaminosis D, which may havebeen due to the small
sample size.
Our study is limited by its cross-sectional design.
Factors such as dietary intake of vitamin D and individual exposure to sunlight could not be analysed. In
addition, vitamin D levels in HBV- and HIV-monoinfected patients with and without TDF therapy were
not available. Hence we cannot conclude whether
the high prevalence of hypovitaminosis in the HIV–
HBV-coinfected patients was a result of HBV, HIV
or cART. In addition, parathyroid hormone, bone
markers, bone mass density and liver histology were
not available so we could not ascertain the long-term
effect of hypovitaminosis D as well as the clinical significance of this finding. Since serum phosphate and
tubular function assessment was available in only a
subset of the study cohort, we could not confirm the
link between PRTD, hypophosphatemia and vitamin
D deficiency. Finally, the findings from this study may
not be representative of Thai individuals from rural
areas outside Bangkok.
In conclusion, although this cohort of HIV–HBVcoinfected patients lived in the tropics, there was a
high prevalence of hypovitaminosis D, especially
in female patients and with prolonged ART. Given
patients with HIV–HBV-coinfection require longterm HBV-active ART including TDF, which can also
contribute to bone loss, routine vitamin D assessment
and supplementation as necessary should be considered. Furthermore, bone mass density of this population should be further investigated.
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