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Introduction
Low bone mineral density (BMD) is common among persons infected with human 
immunodeficiency virus (HIV).1 In HIV-infected people, causes of osteoporosis, fractures and low 
BMD are multifactorial, involving traditional risk factors (smoking, alcohol use, low body weight 
and physical inactivity), but also genetics and HIV-infection per se.1,2 Exposure to antiretroviral 
treatment (ART), especially nucleoside reverse transcriptase inhibitors (NRTIs) and protease 
inhibitors (PIs) in HIV-infected people, is associated with low BMD.3 Osteomalacia was reported 
in patients on a tenofovir disoproxil fumarate (TDF)-based ART regimen that was characteristic of 
hypophosphataemia and increased serum alkaline phosphatase (ALP).4

In clinical studies, TDF-based ART regimens were reported to be associated with decreased BMD, 
characterised by increased serum concentrations of bone turnover markers (BTMs). These include 
bone resorption markers such as C-terminal telopeptide (CTx) and bone formation markers such 
as procollagen type 1 N-terminal propeptide (P1NP), bone-specific ALP (BALP) osteocalcin and 
ALP.5,6,7,8 Furthermore, increased bone turnover, after initiation of TDF therapy, was characterised 
by elevated serum concentrations of parathyroid hormone (PTH).9 However, elevated serum 
concentrations of PTH were more profound in patients with vitamin D (VitD) deficiency.10,11,12

Tenofovir disoproxil fumarate undergoes initial di-ester hydrolysis in plasma to tenofovir (TFV). 
A proposed bone loss mechanism associated with TFV, a phosphonate, is selective uptake by 
osteoclasts via a mechanism similar to that of bisphosphonates, which eventually cause cellular 
stress.13 Resulting cellular stress perturbs deoxyribonucleic (DNA) synthesis by altering gene 
expression that is involved in signalling osteoblast activity resulting in decreased bone 
formation.13,14 Despite studies3,5,7 performed on the relationship between TDF-use and bone 
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turnover, few studies have related actual measured plasma 
TFV concentrations to BTM and this information is lacking in 
South Africa. In one study, higher serum calcium (SrCa) 
and 25-dihydroxyvitamin D were found in patients who had 
TFV plasma concentration above 95.3 ng/mL, while free 
1,25-dihydroxyvitamin D was lower.15 The use of TFV plasma 
concentrations to correlate with BTM provides better 
evidence for the physiological association between TFV and 
BTM than mere ‘TDF-use’ status. The advantage of measuring 
TFV plasma concentrations is the ability to determine and set 
ranges of TFV plasma concentrations that correspond with 
several range values of BTM.

The objectives of this study were to determine the relationship 
between plasma TFV concentration, BTM and BMD in HIV-
infected women on TDF-based ART and to compare this with 
the matched HIV-uninfected control group.

Materials and methods
Study design and participants
This pilot cross-sectional sub-study forms part of the South 
African arm of the global Prospective Urban and Rural 
Epidemiology (PURE-SA) study and has been described in 
detail elsewhere.16 Cross-sectional data were collected 
from  462 black women with similar socio-demographic 
characteristics, mainly from the low-income group. Data 
collection took place between October 2012 and August 2013. 
For the purpose of this study, 60 women (n = 30 HIV-infected 
and n = 30 non-infected), aged between 37 and 87 years, were 
included. HIV-infected women on TDF-based ART reported 
to be taking 300 mg TDF nocte were matched with an HIV-
uninfected female group according to their age and body 
mass index (BMI).

Participants were fully informed about the outcomes of the 
study. Each participant was required to sign a written informed 
consent before participating in within the PURE-SA study 
(ethical approval number: NWU-00016-10-A1). The Research 
Ethics Committee of the North-West University and North 
West Department of Health approved this sub-study. 
Participation was entirely voluntary and women could 
withdraw from the study at any time without any consequences. 
On the day of data collection, participants were transported to 
the North-West University Metabolic Clinic in Tlokwe (urban 
site) and at Sethlare Lodge in Ganyesa (rural site) on pre-
arranged dates. Qualified pharmacists and assistants recorded 
medication history on a structured questionnaire. The study 
was performed according to the principles outlined in the 
Declaration of Helsinki as revised in 2013.

Participants with medical history of osteoporosis or taking 
osteoporosis preventing medication were excluded from this 
sub-study.

HIV testing
Written informed consent was obtained from each participant 
after pre-counselling before participation. Participants’ HIV 

status was determined using the First Response (Premier 
Medical Corporation, Kachigam, India) rapid HIV card 
test  using whole blood. This test was performed according 
to  the protocol of the National Department of Health of 
South Africa. If the First Response test was positive, it was 
confirmed with the Pareeshak card test (BHAT Bio-Tech India, 
Bangalore, India). Feedback on results was given by two 
trained counsellors during individual sessions just before the 
participants were transported back to their homes. Infected 
participants were referred to their local clinic or hospital for 
follow-up and CD4 cell counts and treatment advice.

Biochemical analyses
Blood samples for all participants in fasting state were 
collected in the morning between 08:00 and 10:00 by a 
registered research nurse. Plasma and serum samples were 
prepared according to standard methods and stored at -80 °C 
until analyses were performed. CTx, PTH and total VitD 
(25-hydroxyvitamin D) were analysed using the Roche 
Elecsys 2010 COBAS system (Roche Diagnostics, Indianapolis, 
IN, USA). The ALP, serum phosphate (SrP), SrCa and 
C-reactive protein (CRP) were analysed on a Cobas Intergra 
400 plus (Roche, Forrenstrasse Switzerland). The data on 
serum creatinine, estimated creatinine clearance and estimated 
glomerular filtration rate in both HIV-infected and uninfected 
participants have been described in detail elsewhere.17

Plasma tenofovir analyses
Plasma TFV was quantified by a validated high-performance 
liquid chromatography method18 with expected range of 
75 ng/mL–148 ng/mL which was observed in patients with 
normal renal function.19 The lower and upper limit of 
quantification was 12.5 ng/mL and 600 ng/mL, respectively. 
The mean linear regression coefficient (r2) of the calibration 
curve was 0.9958 with nine calibration points.18 Inter- and 
intra-day precision and accuracy was in the range < 15% of 
the relative standard error and mean recovery was 96.9%.18

Questionnaires
A semi-structured questionnaire was used to obtain 
demographic information, as well as dichotomous 
information (yes or no) on the use of tobacco and alcohol.

Baseline information on the duration of TDF-based ART and 
non-TDF regimens was obtained from clinic and hospital 
files retrospectively from the facility where participants 
received health care services.

Bone mineral density assessment
Bone mineral density was assessed at distal and ultra-distal 
sites of the forearm (non-dominant arm) using a DTX-200 
peripheral DXA system (Osteometer MediTech, Hawthorn, 
California, USA).20 BMD was expressed as absolute amount 
(g/cm2) of bone mass per unit area (areal density). A qualified 
radiographer performed all measurements on the same 
Osteometer.
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Anthropometric measurements
Anthropometrical measurements included weight 
and  height  and were measured using standardised 
methods,  with calibrated instruments by an International 
Society of the Advancement of Kinanthropometry–accredited 
anthropometrist (Precision Health Scale, A & D Company, 
Japan; Leicester Height Measure, Seca, Birmingham, UK).

Statistical analyses
The HIV-uninfected control group was selected using 
propensity score matching with the HIV-infected women. 
Age and BMI were used as predictors to model case or 
control membership in a multivariable logistic regression 
model with optimal match tolerance of 0.26. Sampling of 
controls was carried out without replacement.

Variables in both groups of women were tested for normality 
using Shapiro–Wilk test and visual inspection of their respective 
normal Q–Q plots. Unpaired t-test was used to compare 
variables between the HIV-infected and uninfected groups if 
data were normally distributed. Results were presented as 
mean and standard deviation (SD) in the tables. Mann–Whitney 
test was performed if data were skewed and results were 
presented as median and interquartile range (IQR).

Adjusted analyses for smoking status and alcohol use were 
performed using analysis of covariance (ANCOVA). Tests for 
associations were performed using linear regression between 
BTM or BMD (dependent variable) and HIV-infected status 
(TDF exposure) or uninfected status, controlling for smoking 
and alcohol use. Pearson correlations were performed 
between plasma TFV concentration, BTM and BMD in HIV-
infected women.

Correlations among BTM were performed conditioned by 
TFV concentration in order to explore patterns of relationships 

among BTM and assessed whether TFV concentration 
affected the correlations (physiological relationship) among 
BTM. The upper value of TFV concentration range at which 
some significant correlations among BTM occurred was 
taken as the cut-off point. Therefore, comparisons of mean or 
median values of BTM and CRP between two groups were 
defined by the cut-off point.

Pearson correlations between SrCa and PTH, SrCa and SrP as 
well as CTx and PTH were also performed in HIV-infected 
and uninfected women.

A two-tailed significance testing level of p < 0.05 was used 
and statistical analyses were performed using IBM® SPSS® 
Statistics software, version 22.

Ethical consideration
Each participant was required to provide written informed 
consent before taking part in the PURE-SA study. The 
Research Ethics Committee of the North-West University 
(NWU-00016-10-A1) and North West Department of Health 
approved this sub-study.

Results
Participants’ demographic information and bone variables 
are presented in Table 1. The HIV-uninfected group was 
significantly older than the HIV-infected group (p = 0.008) 
but age was already adjusted for when selecting controls via 
propensity score matching. ALP (112 ± 27.7 U/L vs. 78.7 ± 25 
U/L; p < 0.001), CTx (0.68 ± 0.4 ng/mL vs. 0.56 ± 0.4 ng/mL; 
p = 0.027) and PTH (56.30 ± 32 pg/mL vs. 46.3 ± 18 pg/mL; 
p = 0.05) were higher in HIV-infected women compared to 
their matched HIV-uninfected counterparts. No significantly 
different VitD concentrations were observed between the 
two groups even after adjusting for seasonal variation (data 
not shown).

TABLE 1: Demographic characteristics, bone turnover markers and bone mineral density of HIV-infected women compared to the uninfected control group.
Variable (Mean and SD) HIV-infected (n = 30) HIV-uninfected (n = 30) p† Adjusted p‡
Age (years) 53 ± 9.3 60 ± 11 0.008§* -
BMI (kg/m2) 24.2 ± 9.5 26.2 ± 8.2 0.333 -
Weight (kg) 58 ± 22.5 64.7 ± 20.5 0.179 -
TDF ART exposure (months) 16.2 ± 8.6¶ - - -
HIV disease duration (months) 37.8 ± 24.7†† - - -
SrCa (mmol/L) 2.08 ± 0.2 2.12 ± 0.2 0.406 0.835
SrP (mmol/L) 1.05 ± 0.2 0.99 ± 0.2 0.204 0.165
CTx (ng/mL) 0.68 ± 0.4 0.56 ± 0.4 0.181 0.027*
PTH (pg/mL) 56.30 ± 32 46.3 ± 18 0.383‡‡ 0.05*
ALP (U/L) 112 ± 27.7 78.7 ± 25 < 0.001* < 0.001*
VitD (ng/mL) 38 ± 1§§ 37.6 ± 14 0.935 0.676
CRP (mg/L) (Median and IQR) 4.5 (2.11–9.17) 2.64 (0.76–7.1) 0.16‡‡ -
BMD (g/cm2) 0.39 ± 0.2§§ 0.42 ± 0.1¶¶ 0.366 0.822
Smoking status (%) 33.3 30 - -
Alcohol use (%) 43.3 20 - -
CD4 count 485 ± 171††† - - -

ALP, alkaline phosphatase; ART, antiretroviral treatment; BMD, bone mineral density; BMI, body mass index; CRP, C-reactive protein; CTx, C-terminal telopeptide; PTH, parathyroid hormone; SrCa, 
serum calcium; SrP, serum phosphate; TDF, tenofovir disoproxil fumarate.
†, p-value calculated from unpaired t-test; ‡, p-value calculated from ANCOVA adjusted for smoking and alcohol use; §, Age already adjusted for with BMI when selecting the control group with 
propensity score matching; ¶, n = 24 (4 participants unwilling to provide consent to access their medical records and missing information from 2 medical records); ††, n = 22 (4 participants unwilling 
to provide consent to access their medical records and missing information from 4 medical files); ‡‡, p-value calculated from Mann–Whitney test; §§, n = 25; ¶¶, n = 18; †††, n = 28; †††, n = 20.
*, p ≤ 0.05.
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Regression analysis showed that HIV-infection status (TDF 
exposed) was significantly and independently associated 
with higher ALP (adjusted r2 = 0.310; p < 0.001).

The minimum and maximum plasma TFV concentration in 
HIV-infected women was 17.2 ng/mL and 434.2 ng/mL, 
respectively (Table 2). TFV plasma concentration was not 
detected in five participants hence their results were excluded 
from Table 3 analyses. The ART regimen consisted of TDF, 
lamivudine and efavirenz.

Correlations between plasma tenofovir 
concentration, bone turnover markers and bone 
mineral density in HIV-infected women
There was no statistically significant correlation between 
plasma TFV concentration and SrCa (r = 0.371; p = 0.068), SrP 
(r = 0.189; p = 0.366), CTx (r = 0.135; p = 0.52), PTH (r = 0.162; 
p = 0.44), ALP (r = 0.234; p = 0.26), VitD (r = 0.006; p = 0.981) 
and BMD (r = 0.201; p = 0.472).

When TFV plasma concentration was used as conditioning 
variable, some significant correlations among BTM were 
observed at ≤ 100 ng/mL and ≥ 120 ng/mL of TFV plasma 
concentration. Hence, ≤ 100 ng/mL was the cut-off point for 
one group and ≥ 120 ng/mL for another.

Comparisons between bone turnover markers 
and C-reactive protein at less than 100 ng/mL 
and above 120 ng/mL of tenofovir plasma 
concentration
There were no significant differences in SrCa, SrP, CTx, ALP, 
VitD, CRP and BMD (p > 0.05) between the two groups (≤ 100 
ng/mL and ≥ 120 ng/mL). Nevertheless, PTH was higher 
(57.04 ± 26.4 vs. 56.14 ± 30.9; p = 0.037) at plasma TFV 
concentration ≥ 120 ng/mL compared to ≤ 100 ng/mL (Table 3).

Correlations among serum calcium, parathyroid 
hormone, serum phosphate and C-terminal 
telopeptide in HIV-infected and uninfected 
women
There was no significant correlation between SrCa and PTH, 
SrCa and SrP or CTx and PTH in HIV-infected (TDF exposed) 
women [(Table 4), p > 0.05]. In HIV-uninfected women, a 
significant negative correlation was observed between SrCa 
and PTH (r = -0.49; p = 0.006), while significant positive 
correlations were observed between SrCa and SrP (r = 0.43; 

p = 0.019) as well as CTx and PTH (r = 0.56; p = 0.001), but no 
such associations were found in HIV-infected women.

Discussion
In this pilot study, statistically significant higher ALP, CTx 
and PTH were observed in the HIV-infected women 
compared to the uninfected. This might be indicative of 
stimulated bone metabolism in HIV-infected women. A 
similar phenomenon was observed in the studies conducted 
by Stellbrink et al.,5 Samarawickrama et al.8 and Masiá et al.21 
They reported an increase in PTH, ALP, BALP, P1NP and 
osteocalcin values in participants exposed to TDF treatment 
which was evidence of increased bone turnover.5 TDF-
use  was, however, not found to be associated with 
25-dihydroxyvitamin D deficiency, hyperparathyroidism, 
increased BTM or reduced BMD.8

We did not find any significant correlation between TFV 
plasma concentration and BTM or BMD. Although there was 
this absence of the linear relationship, it did not imply that 
TFV does not have any role in bone metabolism. In order to 
fully evaluate the mean changes in BTM at different TFV 
plasma concentrations, Havens et al.15 compared BTM at ≤  39.5 
and > 95.3 ng/mL of TFV which represented the lowest 
20%  and highest 20% (quintile analysis) of the sample 
(n  =  118), respectively. They found no mean differences 
in  PTH, SrP, CTx and BALP but only in SrCa, free 1, 
25-dihydroxyvitamin D and 25-dihydroxyvitamin D (p < 
0.05). In the current study, there were no significant mean 
differences in CTx, ALP, SrP, VitD or absolute BMD at ≤ 100 
ng/mL and ≥ 120 ng/mL which represented approximately 

TABLE 2: Descriptive summary of tenofovir plasma concentrations.
Descriptive statistics and concentration 
categories

Tenofovir plasma concentration and 
number of samples

Mean (SD) ng/mL 114 ± 78.9
Median (IQR) ng/mL 113 (74–139)
Min/Max ng/mL 17.2/434.2
95% CI ng/mL 81.2–146.6
Undetected n = 5
≤ 100 ng/mL n = 12
100–120 ng/mL n = 2
≥ 120 ng/mL n = 11

IQR, interquartile range; SD, standard deviation.

TABLE 3: Comparisons of variables at tenofovir plasma concentrations of ≤100 
ng/mL and ≥ 120 ng/mL in HIV-infected women.
Variable 
(mean and SD)

TFV plasma ≤100 ng/mL 
(n = 12)

TFV plasma ≥120 ng/mL 
(n = 11)

p

SrCa (mmol/L) 2.01 ± 0.19 2.12 ± 0.13 0.928
SrP (mmol/L) 1.01 ± 0.19 0.98 ± 0.15 0.11
CTx (ng/mL) 0.65 ± 0.31 0.77 ± 0.36 0.212
PTH (pg/mL) 56.14 ± 30.9 57.04 ± 26.4 0.037*
ALP (U/L) 105.43 ± 23.6 117.93 ± 29.8 0.151
VitD (ng/mL) 42.67 ± 4.2a 36.60 ± 8.6b 0.33
CRP (mg/L) 5.77 (2.77–9.03)c 3.82 (0.85–11.7)c 0.758
BMD (g/cm2) 0.39 ±0.13d 0.45 ± 0.17e 0.954

ALP, alkaline phosphatase; BMD, bone mineral density; CRP, C-reactive protein; CTx, 
C-terminal telopeptide; PTH, parathyroid hormone; SrCa, serum calcium; SrP, serum 
phosphate; TDF, tenofovir disoproxil fumarate; TFV, tenofovir.
an = 8, bn = 10, cmedian(IQR), dn = 9, en = 6.
*p ≤ 0.05.
Two participants had TFV concentration between 101 ng/mL and 119 ng/mL.

TABLE 4: Correlations of serum calcium, parathyroid hormone, serum 
phosphate, C-terminal telopeptide and parathyroid hormone in HIV-infected 
and uninfected women.
Variables HIV-infected (n = 30) HIV-uninfected (n = 30)

Correlation 
coefficient (r)

p Correlation 
coefficient (r)

p

SrCa and PTH -0.19 0.305 -0.49 0.006*
SrCa and SrP 0.348 0.059 0.43 0.019*
CTx and PTH 0.33 0.072 0.56 0.001*

CTx, C-terminal telopeptide; PTH, parathyroid hormone; SrCa, serum calcium; SrP, serum 
phosphate.
*p ≤ 0.05.
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the lower half and upper half of the sample (n = 25), 
respectively. Meanwhile, there was a trend of higher ALP and 
CTx concentrations, although not significant, at plasma TFV 
≥ 120 ng/mL, while VitD and SrP tended to be lower. The 
mean PTH was, however, significantly higher at ≥ 120 ng/mL 
plasma TFV which suggested the possibility of stimulated 
bone resorption, as higher plasma PTH concentrations are 
associated with low BMD.22 This could also be as a result of 
TFV-induced cellular stress that affects osteoblast function 
leading to decreased bone formation as proposed by Grigsby 
et al.13 In the study by Gervasoni et al. (n = 133),23 higher TFV 
plasma concentrations (288 ng/mL ± 173 ng/mL) were found 
in patients with altered osteocalcin (bone formation marker) 
concentrations than in patients with normal osteocalcin 
concentrations (153 ng/mL ± 115 ng/mL, p < 0.01).

In the previous published data of the same participants, 
there was no indication of deterioration in renal function in 
HIV-infected participants.17 In fact, both estimated creatinine 
clearance (112.5 ± 40.5 mL/min vs. 104.9 ± 43 mL/min, 
p  =  0.048) and estimated glomerular filtration rate (125.8 ± 
39.6 mL/min vs. 105 ± 25.5 mL/min/1.73 m2, p = 0.047) were 
significantly higher in HIV-infected participants compared 
to   the uninfected control group.17 Therefore, the influence 
of deterioration in renal function on serum concentration of 
BTMs that are cleared by the kidney could not be assumed in 
our study.

In the current study, the influence of inflammation on bone 
metabolism was not evident even though CRP concentrations 
in HIV-infected women tended to be higher than in uninfected 
controls (p = 0.16) and no correlation was found between TFV 
concentration, BTM and BMD. Our finding agrees in part with 
Gervasoni et al.23 who did not find the association between 
plasma TFV concentration and CTx. Similarly, in a study 
performed by Havens et al.15 of mostly African American race 
(n = 118), no correlation was found between plasma TFV 
concentration and SrCa, PTH, SrP, BALP and CTx. The 
authors, however, reported a negative correlation between 
plasma TFV concentrations and free 1,25-dihydroxyvitamin D.15 
Total VitD (25-dihydroxyvitamin D) was measured in this 
study and not just 1,25-dihydroxyvitamin D as in the study of 
Havens et al.15

Higher bone turnover was reported in patients on TDF 
containing regimens. CTx, P1NP and BALP were higher in 
populations of mostly Caucasian males (n = 154, n = 193) than 
those exposed to non-TDF containing regimens.5,7 Exposure 
to TDF containing regimens was associated with increased 
total ALP that indicated osteoblast activation.24,25 Total ALP 
had been used to monitor bone metabolism and showed high 
correlation with bone-specific BALP. The increase in total ALP 
in the current study was most likely contributed by BALP as 
no cholestatic side effects of TDF have been described.24

In a cross-sectional study of women (26% African American) 
aged above 50 years (n = 31), mean BMD was significantly 
lower in the HIV-infected ART exposed than uninfected 

control group at the lumbar spine and total hip.26 In the 
current study, BMD of the distal and ultra-distal sites of the 
forearm in both HIV-infected TDF-exposed and uninfected 
controls was similar. This difference in results may be 
because of the fact that in the former study,26 BMDs were not 
adjusted for confounding effects of smoking status and 
alcohol consumption unlike in our study. Dave et al.27 
determined factors associated with low BMD in HIV-
infected South Africans. They reported that exposure to 
efavirenz or lopinavir-based ART was associated with lower 
total hip BMD, whereas higher body weight and higher 
serum VitD concentration were associated with higher 
total  hip BMD. The use of efavirenz-based ART was 
also  independently associated with lumbar spine BMD.27 

Bedimo  et al.28 found that HIV-infection and hepatitis C 
virus infection were significantly associated with low BMD 
but when the statistical models were adjusted for TDF-use, 
it greatly diminished the association. Their findings 
suggested that the effect of HIV-infection on BMD was 
principally driven by TDF.

Bone remodelling is a constant process tightly coupled to 
bone resorption and bone formation mediated by osteoclasts 
and osteoblasts, respectively.6 Bone formation and resorption 
markers are well correlated to one another; thus, a change 
in  bone turnover signals a disturbance in well-controlled 
bone remodelling processes.6,29 Furthermore, there is regulated 
interplay among bone mineral metabolic parameters, 
namely PTH, SrCa and SrP, in the bone remodelling 
process.30,31 In the current study, we found significant 
correlations between SrCa and PTH, SrCa and SrP as well as 
CTx and PTH in the  HIV-uninfected participants who 
indicated expected synchronisation of bone mineral 
metabolic processes. The correlations in the HIV-infected 
group were in the same direction as uninfected but no 
statistically significant correlations were observed between 
SrCa and PTH, SrCa and SrP or CTx and PTH in HIV-infected 
participants. This may be because of the disturbance in the 
regulation process of bone metabolic parameters likely 
attributed to ART and HIV-infection status.21,32 The lack of 
significant correlation may also be because of larger within 
group variation in PTH in the HIV-infected compared with 
uninfected group (Table 1).

Limitations of the study
This study involves an under-investigated population in 
a  resource-limited setting, but has some limitations to 
consider: the cross-sectional nature of the study rules out 
assessments of causal relationship between plasma TFV 
concentration and BTM. The small number of participants 
does not allow generalising the findings although significant 
associations and trends observed need to be confirmed in 
longitudinal studies with larger sample sizes. The influence 
of TDF exposure time, VitD deficiency and sufficiency as 
categorisation could not be assessed as it was not statistically 
sensible owing to a small sample size. Nevertheless, 
availability of a control group to make comparisons added 
strength to this study. No TFV was detected in five 
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participants and they were therefore excluded in the 
comparison analyses that involved TFV concentrations. 
However, the effect of TFV on bone density is long term and 
these participants were on a TDF-based regimen for an 
average duration of 16 months. These findings stimulate the 
interest of further research into plasma TFV concentrations 
and bone metabolism in black women for early detection of 
bone loss.

Conclusion
In conclusion, the observed increased PTH concentration and 
a higher trend in CTx and SrCa at ≥ 120 ng/mL suggest the 
possibility of increased rate of bone turnover at higher TFV 
plasma concentrations within this study. Additionally, there 
were perturbations in bone turnover process in HIV-infected 
participants (TFV-exposed) compared to the HIV-uninfected 
controls. Further studies with larger sample size are needed 
to confirm these results.
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