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Background: Daily tenofovir disoproxil fumarate (TDF)/emtricitabine as HIV pre-exposure
prophylaxis (PrEP) causes subclinical decreases in bone mineral density (BMD). We surveyed
PrEP users to assess feasibility for a clinical trial of vitamin D supplementation to mitigate
TDF-induced BMD loss.
Methods: We recruited participants using or starting PrEP in Toronto and Vancouver.
The primary objective was to assess the acceptability of daily or weekly vitamin D supplementation. We also assessed the acceptability of calcium supplementation, existing use of
non-pharmacological bone health interventions, prevalence of osteoporosis risk factors, and
bone health knowledge (Osteoporosis Knowledge Test, OKT).
Results: Of 161 participants, 72.1% were current PrEP users, 18.0% were starting PrEP,
and 9.9% did not indicate their PrEP status. All identified as males, 88.8% as gays, and
67.1% as Whites. Median (IQR) age was 32.0 (29.0, 40.0) years, and 62.1% reported family
income $$60,000/year. Among those not already using the interventions, willingness to supplement with daily vitamin D, weekly vitamin D, or daily calcium was very high at 90.9%, 96.4%,
and 93.0 %, respectively. Only 31.0% reported adequate dietary calcium intake, while 42.9%
reported $1 osteoporosis risk factor (most commonly, alcohol and smoking). Overall bone
health knowledge was low, as median (IQR) OKT score was 16/32. In post hoc comparisons,
current PrEP users may have been more likely than new PrEP users to engage in bone loading
exercise (Bone-specific Physical Activity Questionnaire score=12.5 vs 3.6, P=0.001) and have
greater bone health knowledge (OKT=17 vs 14, P=0.08), but they had similar levels of current
vitamin D supplementation (37.4% vs 21.4%, P=0.11), calcium supplementation (11.2% vs
13.8%, P=0.70), and adequate dietary calcium intake (32.7% vs 25.0%, P=0.43).
Discussion: The high acceptability of vitamin D and calcium supplementation in this cohort
suggests that enrollment into a clinical trial of such interventions to mitigate PrEP-induced
BMD loss is feasible.
Keywords: HIV, pre-exposure prophylaxis, vitamin D, calcium, bone and bones, bone density

Background
The use of daily oral tenofovir disoproxil fumarate with emtricitabine (TDF/FTC) as
HIV pre-exposure prophylaxis (PrEP) has been shown to reduce the risk of HIV acquisition when users’ adherence is high.1 This co-formulated combination tablet has been
approved for the prevention of sexually transmitted HIV since 2012 in the US and 2016
in Canada. However, TDF/FTC causes subclinical adverse effects, including reversible
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decreases in renal function and bone mineral density (BMD).
The pre-exposure prophylaxis initiative [Iniciativa Profilaxis
Pre-Exposición] trial involving 498 gay, bisexual, and other
men who have sex with men (gbMSM) randomized to TDF/
FTC-based PrEP or placebo found that the treatment group
experienced modest but statistically significant decreases in
BMD of 0.91% (95% CI, 0.38–1.44) at the spine and 0.61%
(95% CI, 0.27–0.96) at the hip compared with the placebo
group at 24 weeks.2 Similarly, reductions in BMD have also
been observed in PrEP trials conducted among young adults
in Botswana3 and gbMSM in San Francisco.4 To date, no
study has reported increased fractures in PrEP users, although
follow-up has been relatively short.
Because of the adverse effects caused by TDF/FTC, a new
prodrug of tenofovir called tenofovir alafenamide (TAF) has
been introduced. TAF transfers tenofovir into leukocytes
more efficiently than TDF, allowing the drug to concentrate
less in plasma and yield less renal and bone toxicity.5 Clinical
trials of TAF/FTC as HIV treatment have shown that it has
similar antiviral efficacy and causes smaller decreases in
BMD and less bone turnover compared with TDF/FTC.6–8
An ongoing international clinical trial is testing the efficacy
of TAF/FTC for use as PrEP.9 If successful, there may be
pressure on payers to cover this agent due to its favorable
toxicity profile, even though the cost of the drug will be high,
and its manufacturing protected by patent laws for many
years. In contrast, generic versions of TDF/FTC already
exist in many markets, and are much more affordable.10–13
If adverse effects caused by TDF can be mitigated by lowcost interventions, then combining such interventions with
TDF/FTC could provide a more efficient way of deploying
PrEP at scale.
Vitamin D and calcium supplements have been shown
to mitigate TDF-induced BMD loss in HIV patients taking
TDF-containing anti-retroviral therapy,14 and there is interest
in studying the impact of these interventions on the BMD of
PrEP users in randomized controlled trials (RCT) as well.15
To assess the feasibility of such a trial, we conducted a crosssectional survey of current and prospective TDF/FTC-based
PrEP users.

Methods
Study design
This was a cross-sectional survey of people using or considering the use of oral TDF/FTC-based PrEP. The primary
objective was to assess the acceptability of daily or weekly
vitamin D supplementation in patients using daily TDF/
FTC-based PrEP. Secondary objectives were to assess the
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acceptability of dietary calcium interventions, the existing
use of non-pharmacological interventions, the prevalence of
osteoporosis risk factors, and the awareness of bone health
in the study population. An exploratory objective was to
determine what participant characteristics were associated
with willingness to accept vitamin D interventions.

Participants
We recruited participants during routine clinic visits to an
academic infectious disease clinic and an academic family
practice in Toronto, Ontario, as well as a community clinic
serving gbMSM in Vancouver, British Columbia between
May and November 2017. The eligibility criteria included
being able to read and write in English, and currently taking
(current PrEP users) or planning to use (new PrEP users)
oral TDF/FTC-based PrEP. All participants were offered $10
CAD as compensation for completing the survey.

Survey instrument
We administered the survey either in paper form or online
through the Google Cloud Platform. The 78-item survey
comprised six domains.

Clinical characteristics
We obtained basic demographics16 and information about
participants’ PrEP regimens, and quantified PrEP adherence
using the AIDS Clinical Trials Group adherence questionnaire and a previously published scoring system, which
rescales responses from 0 to 100.17

Knowledge
We asked participants a “yes/no” question regarding whether
or not PrEP causes a decrease in BMD. We also used the
Osteoporosis Knowledge Test (OKT)18 to gauge participants’
knowledge of bone health. This questionnaire asks participants about their knowledge of osteoporosis, bone-loading
exercises, and dietary sources of calcium.

Acceptability of bone health interventions
We provided a brief preamble stating, “Although TDF/FTC
(tenofovir disoproxil fumarate + emtricitabine, or Truvada®)
as PrEP is generally very safe, it is known to cause a small
decrease in bone density”. This decrease in bone density is
something that you cannot feel. If a person’s bone density gets
very low, it is called ‘low bone mass’ or even ‘osteoporosis’,
and the person can get a fracture (broken bone) more easily.
However, no PrEP studies have ever shown an increased
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risk of fracture. It is not clear how to prevent PrEP-related
bone loss, so our research team is considering future studies
to try to find out”. We then asked participants, “Would you be
willing to take a daily vitamin D pill as a way to try to prevent
PrEP-related bone loss?” as a yes/no question. We further
asked four identically structured questions about weekly
vitamin D pills, daily calcium pills, and daily or weekly
dietary surveys with advice about calcium intake.

Existing uptake of bone health interventions
We asked participants about their current use of vitamin D
and/or calcium supplements, including dosages.

Prevalence of osteoporosis risk and mitigating factors
We determined the presence of osteoporosis risk factors in
survey respondents as defined by the Fracture Risk Assessment Tool (FRAX).19 FRAX assesses one’s risk of fracture
in the next 10 years based on age, sex, body mass index,
and family and medical risk factors. In assessing mitigation
factors, we asked participants about their dietary calcium
intake using the Calcium Assessment Tool (CAT)20 and
performance of bone-building exercises using the Bonespecific Physical Activity Questionnaire (BPAQ).21 The
CAT calculates and categorizes one’s daily calcium intake
by asking respondents to quantify the number of servings
of calcium-rich foods that they eat from an inventory. The
BPAQ questionnaire quantifies how much one participates
in bone-loading exercises by asking respondents to report
the frequency and age at which they perform(ed) certain
sports. We also asked participants whether or not they used
tanning beds, which have been shown to increase serum
vitamin D levels.22–26

Self-Efficacy
We administered the Osteoporosis Self-Efficacy (OSE)
scale,27 which asks participants to indicate how confident they
feel in accomplishing tasks that are conducive to improving
bone health, such as bone-loading activities and integrating
more calcium-rich foods into one’s diet.

Analysis
Participant characteristics were summarized using descriptive statistics. To achieve our main objectives, we calculated
the proportion of participants who responded “yes” to each
question about willingness to use bone health interventions.
The high proportion of respondents willing to use vitamin D
and calcium supplementation precluded our ability to conduct
exploratory logistic regression analyses to identify predictors
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of these outcomes. We used previously published scoring
methods for standardized scales, including the OKT, CAT,
BPAQ, and OSE scale.18–21,27
In post hoc analysis, we used the chi-squared test to
determine whether or not there were differences between
current and new PrEP users in current vitamin D and calcium
supplementation. We also used the Wilcoxon signed-rank
test to compare osteoporosis knowledge and participation in
bone-loading activities between the two groups. All analyses
were conducted using SAS version 9.0 (SAS Institute Inc.,
Cary, NC, USA).

Sample size considerations
The target sample size was based on the minimum number
of participants required to determine the proportion of PrEP
users willing to adopt a vitamin D supplementation intervention, with reasonable precision. Using the most conservative estimate of 50%, and using a standard equation for the
estimating sample size for a proportion, we determined that
a minimum of 96 respondents were required to generate a
95% CI of ±10% around our estimate. Our target sample size
was, therefore, 100 participants.

Ethics approval and informed
consent
We obtained ethical approval from the Research Ethics
Boards of St Michael’s Hospital and Providence Health
Care/University of British Columbia before initiating any
study activities. Consent from participants was implied by
their completion of the survey.

Results
Demographic and clinical characteristics
Of 168 eligible patients who were approached regarding
the study, we recruited 163 participants. Of these, one was
excluded due to missing primary outcomes and another for
loss of data, leaving a final sample of 161 individuals. Table 1
shows the demographic characteristics of participants. Most
(133) participants were recruited from Toronto, while 28
were from Vancouver. Most (72.1%) participants were
already taking PrEP and 18.0% were considering taking
PrEP; PrEP status was unknown for 9.9%. All participants
were identified as males, 64.6% as Whites, and 89.4% as
gays. The median (IQR) age was 32 (29, 40) years and a
large proportion (62.1%) reported an annual family income
of $$60,000 CAD. Basic demographic characteristics were
not significantly different for current vs new PrEP users
(data not shown).
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Table 1 Basic demographic and clinical characteristics of survey participantsa
Demographic and clinical characteristics
Characteristic

Value

PrEP status

Current

New

Unknown

Total

Male gender

116 (100%)

29 (100%)

16 (100%)

161 (100%)

Age

32.5 (29.0,42.0)

29.0 (27.0,33.0)

33.0 (30.0,41.0)

32.0 (29.0,40.0)

Ethnicity
White
Asian
Latin American
Black
Middle Eastern
Other

75 (64.7%)
17 (14.7%)
6 (5.2%)
4 (3.5%)
4 (3.5%)
6 (5.2%)

19 (65.5%)
7 (24.1%)
0
0
1 (3.5%)
2 (6.9%)

10 (62.5%)
2 (12.5%)
1 (6.3%)
3 (18.8%)
0
0

104 (64.6%)
26 (16.2%)
7 (4.4%)
7 (4.4%)
5 (3.1%)
12 (7.5%)

Income
$0 to $59,999
$60,000 $119,999
$120,000 or more
Do not know
Prefer not to answer

39 (33.6%)
44 (37.9%)
28 (24.1%)
3 (2.6%)
2 (1.7%)

11 (37.9%)
13 (44.8%)
3 (10.4%)
1 (3.5%)
1 (3.5%)

4 (25.0%)
4 (25.0%)
8 (50.0%)
0
0

54 (33.5%)
61 (37.9%)
39 (24.2%)
3 (1.9%)
4 (2.5%)

Self-reported sexual orientation
Gay
Bisexual
Queer
Other

105 (90.5%)
6 (5.2%)
5 (4.3%)
0

27 (93.1%)
2 (6.9%)
0
0

12 (75.0%)
3 (18.8%)
0
1 (6.3%)

144 (6.8%)
11 (6.8%)
5 (3.1%)
1 (0.6%)

Body mass index

24.2 (22.3,25.9)

24.5 (22.6,28.1)

23.8 (23.1,25.1)

24.2 (22.5,26.1)

AIDS Clinical Trials Group
Adherence Scoreb

94.3 (88.0,98.9)

N/A

N/A

94.3 (88.0,98.9)

Notes: aValues are frequency (%), mean (SD), or median (IQR). bMaximum score is 100.

Acceptability of supplementation
interventions
There was very high willingness to use all supplementation
interventions, with 90.5%, 96.2%, and 92.9% of respondents overall indicating willingness to use daily vitamin D,

weekly vitamin D, and daily calcium supplementations,
respectively (Figure 1). Willingness was similar between
current and new PrEP users. With regard to dietary surveys
to monitor calcium intake, monthly surveys were preferred
over weekly ones overall (82.5% vs 53.7%).

&XUUHQWSU(3XVHUV

1HZSU(3XVHUV

7RWDO

RISDUWLFLSDQWVZKR
UHVSRQGHG³\HV´













'DLO\
YLWDPLQ'

:HHNO\
YLWDPLQ'

'DLO\FDOFLXP :HHNO\GLHWDU\ 0RQWKO\GLHWDU\
VXSSOHPHQWDWLRQ FDOFLXPVXUYH\ FDOFLXPVXUYH\

7\SHRILQWHUYHQWLRQ
Figure 1 Percent of current PrEP users willing to engage in vitamin D and calcium supplementation interventions.
Abbreviation: PrEP, pre-exposure prophylaxis.
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Table 2 Bone health characteristics, presence of non-pharmacological, and bone health awareness of survey participantsa
Bone health characteristics
PrEP status

Current

New

Unknown

Total

Osteoporosis

1 (0.9%)

0

0

1 (0.6%)

Secondary osteoporosis

2 (1.7%)

1 (3.5%)

0

3 (1.9%)

Alcohol intake $3 units/day

24 (25.0%)

7 (25.0%)

2 (15.4%)

33 (24.1%)

Current smoking

12 (10.5%)

3 (10.3%)

2 (15.4%)

17 (10.9%)

Fragility fracture in adult life

16 (13.8%)

3 (10.3%)

3 (20.0%)

22 (13.8%)

Parental history of hip fracture

8 (7.0%)

1 (3.5%)

0

9 (5.7%)

Corticosteroid use

10 (8.7%)

4 (13.8%)

1 (6.7%)

15 (9.4%)

FRAX

2.8 (2.0,4.6)

2.5 (1.8,3.1)

1.4 (1.3,1.5)

2.8 (1.8,3.7)

Currently take vitamin D supplements

43 (37.4%)

6 (21.4%)

2 (15.4%)

51 (32.7%)

Currently take calcium supplements

13 (11.2%)

4 (13.8%)

1 (6.7%)

18 (11.3%)

Tanning

6 (5.2)

1 (3.5%)

1 (7.1%)

8 (5.0%)

CATb score
Deficient (,500 mg/day)
Inadequate (500–1,000 mg/day)
Adequate (.1,000 mg/day)

35 (30.1%)
41 (36.3%)
37 (32.7%)

4 (14.3%)
17 (60.7%)
7 (25%)

3 (75.0%)
0
1 (4.0%)

42 (29.0%)
58 (40.0%)
45 (31.0%)

pBPAQc score

26.5 (9.6,61.1)

20.1 (8.5,51.8)

69.5 (60.0,79.0)

25.5 (9.6,59.5)

cBPAQd score

12.5 (1.8,96.1)

3.6 (0.82,7.3)

0.79 (0.71,9.8)

7.76 (1.1,42.4)

Aware that PrEP decreases BMD

81 (77.1%)

19 (67.9%)

1 (20.0%)

104 (75.4%)

OKTe score

17 (14,19)

14 (11.5,18.5)

10 (10,11)

16 (13,19)

Diet self-efficacy

75.7 (21.9)

68.5 (22.0)

66.6 (19.6)

75.1 (23.7)

Exercise self-efficacy

75.5 (23.4)

69.5 (24.5)

99.4 (1.4)

74.0 (21.9)

Non-pharmacological interventions

Bone health awareness

Osteoporosis self-efficacyf

Notes: aValues are frequency (%), mean (SD), or median (IQR). bCalcium Assessment Test. cPast Bone-Specific Physical Activity Questionnaire. dCurrent Bone-Specific
Physical Activity Questionnaire. eOsteoporosis Knowledge Test, maximum score is 32. fMaximum score is 100.
Abbreviations: BMD, bone mineral density; CAT, Calcium Assessment Tool; FRAX, Fracture Risk Assessment Tool; OKT, Osteoporosis Knowledge Test; PrEP, pre-exposure
prophylaxis; pBPAQ, past bone-specific physical activity questionnaire; cBPAQ, current bone-specific physical activity questionnaire.

Bone health characteristics
The majority of respondents (69.0%, 95% CI, 60.8%–76.4%)
reported a CAT score of 1,000 mg/day or less, putting them
in the inadequate (40.0%, 95% CI, 32.0%–48.5%) and deficient (29.0%, 95% CI, 21.7%–37.1%) categories (Table 2).
Only 32.7% (95% CI, 25.4%–40.7%) were currently taking
vitamin D supplements and 11.3% (95% CI, 6.8%–17.2%)
were taking calcium supplements.
A total of 42.9% (95% CI, 31.5%–50.9%) of respondents
reported $1 osteoporosis risk factor. The most common risk
factors were consuming $3 units of alcohol per day (24.1%),
a reported fragility fracture in adult life (13.8%), and smoking
(10.9%). The mean (SD) 10-year probability of fracture using
the FRAX tool was low at 2.3% (1.6%) (Table 2).
Knowledge about bone health in general was modest
with a median (IQR) OKT score of 16/32,13,19 although
75.4% (95% CI, 67.3%–82.3%) of respondents were aware
that PrEP causes a decrease in BMD (Table 1). The mean
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(SD) diet and exercise self-efficacy scores were 74.0 (21.9)
and 75.1/100 (23.7), respectively, suggesting moderate-high
self-efficacy.
In post hoc analysis, we found that current PrEP users
were more likely than new PrEP ones to engage in bone
loading exercise (P=0.001), but had similar bone health
knowledge (P=0.08), vitamin D supplementation (P=0.11),
calcium supplementation (0.70), and dietary calcium intake
(P=0.43) (Table 3).

Discussion
In this cross-sectional survey of PrEP users in Toronto and
Vancouver, we found a high degree of willingness to take vitamin D (90.5%–96.2%) and calcium (92.9%) supplements, but
more modest willingness to undergo regular surveys of calcium intake (53.7%–82.5%). Although participants had only
moderate knowledge of bone health, as measured by the OKT,
most knew that PrEP causes a decrease in BMD. Many had at
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Table 3 Comparison of osteoporosis mitigating factors and bone health knowledge between current and new PrEP usersa
Characteristic

Current

New

P-valueb

Current vitamin D supplementation

43 (37.4%)

6 (21.4%)

0.11

Current calcium supplementation

13 (11.2%)

4 (13.8%)

0.70

Osteoporosis knowledge score

17

14

0.08

Adequate calcium intake

38 (32.7%)

7 (25.0%)

0.43

cBPAQc score

12.5

3.6

0.001

Notes: Maximum score is 32. P-value generated from chi-squared test for categorical variables and Wilcoxon signed-rank test for continuous variables. cCurrent
Bone-Specific Physical Activity Questionnaire.
Abbreviation: PrEP, pre-exposure prophylaxis.
a

b

least one osteoporosis risk factor, most commonly smoking
or alcohol use, although the absolute risk of fracture in this
relatively young population was low overall.
The finding that more than 90% of participants were willing to use each vitamin D intervention is striking. This finding
may reflect the high awareness of the relationship between
PrEP use and BMD loss in our sample, and the high income
of participants, since people of high socioeconomic status
are likely to be more health conscious.28 It may also relate
to the timing of our study (conducted only a year and a half
after TDF/FTC was approved for use as PrEP in Canada,
and before PrEP was publicly reimbursed in either Ontario
or British Columbia), in that our sample may consist of
“early adopters” of PrEP who are disproportionately healthconscious compared with other at-risk gbMSM. That 11.3%
of participants were already using calcium and 32.7% vitamin
D supplements is further reflective of this possibility.
It is noteworthy that vitamin D supplementation is
usually well accepted by the general population due to its
affordability and low toxicity. In fact, current guidelines
from Health Canada recommend that all Canadians consume
vitamin D-fortified foods, and that all those .50 years of
age take vitamin D supplements.29 The high acceptability of
vitamin D supplementation found in our study is similar to the
finding from a previous study that 95%–100% of osteopenic
individuals enrolled in a randomized trial of docosahexaenoic
acid, vitamin D, and calcium supplementation rated the
pills as acceptable.30 In addition, we found that weekly
vitamin D supplements were viewed as more favorable than
daily supplements. This finding is consistent with that of a
previous RCT, which found that weekly supplements were
better accepted than daily supplements in older populations
at risk of osteoporosis.31
Our study has several implications for the potential
design of a future interventional trial aimed at mitigating
the effects of TDF/FTC-based PrEP on bone health. First,
our acceptability findings suggest that it would be highly
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feasible to rapidly enroll participants into clinical trials of
vitamin D and calcium supplementation. Second, the very
high percentage of participants willing to take such supplements suggests that a trial design in which everyone receives
an active agent, such as a dose–response study, may be more
appropriate than a placebo-controlled design. Third, that less
than one-third of our participants reported adequate calcium
intake emphasizes that calcium intake should be carefully
monitored in such a trial.
Although much of our sample reported $1 osteoporosis
risk factor, the median number of osteoporosis risk factors
was only one, and most commonly included smoking and
alcohol use, which are common in the general population.
Strengths of our study include our use of validated survey
tools to measure PrEP adherence, osteoporosis knowledge,
calcium intake, physical activity, and fracture risk, as well
as our enrollment of participants in a variety of care settings.
Our study also has limitations that warrant consideration. For
instance, responses to our survey may have been subject to
recall bias and social desirability bias, potentially leading to
overestimations of willingness to take supplements, PrEP
adherence, and OSE. In addition, most of our respondents
were identified as gay white males of higher socioeconomic
status, so our findings may not be generalizable to other PrEPusing populations. Finally, some physicians at practice sites
incorporate education about the impact of PrEP on BMD into
routine patient counseling, which may have inflated interest
in bone health interventions.
In summary, the acceptability of vitamin D and/or
calcium supplementation appears to be high in PrEP-using
gbMSM. Clinical trials are warranted to evaluate the efficacy
of such interventions.
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