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Background: Osteoporosis is a systemic
skeletal disorder characterized by low
bone mass and micro-architectural
deterioration of bone tissue, with a
consequent increase in bone fragility
and fracture. Use of Highly Active Anti-
Retroviral Therapy (HAART) has been
associated with prolonged survival and
consequently with an increase in the
prevalence of decreased bone mineral
density. Quantitative Ultrasound (QUS) is
gaining popularity as an appropriate tool
for determination of bone mineral density
profiles in resource- poor settings.
Objectives: To determine and compare
the difference in the prevalence of Bone
Mineral Density (BMD) abnormalities
using quantitative calcaneal ultrasound
between HIV infected patients on a TDF
based first-line regime for at least one
year, HAART-naive HIV positive patients
in Mbagathi Comprehensive Care Clinic
(CCC) and a HIV negative control
group seen at the Mbagathi Voluntary
Counselling and Testing Centre (VCT).
To describe the occurrence of traditional
risk factors associated with decreased
BMD in the above populations (oral
corticosteroid use, smoking, alcohol,
previous bone fracture, body mass index
and physical inactivity).

Methods: This was a cross-sectional
comparative group descriptive study of
HIV positive adult patients on TDF based
first-line regime (exposed), HIV positive
HAART- naive adult patients (unexposed)
and HIV negative adult group (control) at
Mbagathi Hospital. Random sampling
was used to recruit 315 participants (105
in each arm). An interviewer administered
questionnaire was used to document
risk factors for low BMD. Quantitative
ultrasound bone mineral density was done
using a heel ultrasonic gel- coupled QUS
system, the Sunlight Mini Omni (Beam
Med Ltd, Israel).

Results: The prevalence of osteoporosis
among HIV positive respondents on
HAART was significantly higher (58.1%)
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compared to HIV positive respondents
not on HAART (32.6%) (Z-test p-value
= 0.001) and HIV negative respondents
(9.3%) (Z-test p-value = 0.001). Older
patients had lower levels of BMD (i.e.
more negative BMD. p-value = 0.032).
HIV positive respondents on HAART
had lower BMI than HAART naive and
HIV negative individuals (23.6%, 24.8%
and 26.1% respectively). There was a
significant positive correlation between
T-score and BMI (p-value 0.043). There
was no significant correlation between T-
score and the other traditional risk factors
(oral corticosteroid use, smoking, alcohol
use, history of bone fractures and physical
activity).

Conclusions: Use of TDF based HAART
regimes is associated with higher rates of
osteoporosis compared to HAART naive
and HIV negative populations which may
be partly mediated by lower Body Mass
Index (BMI).

Introduction

Human Immune-Deficiency Virus (HIV)
infection is one of the heaviest infectious
disease burdens afflicting sub-Saharan
countries. Kenya has the fourth-largest
HIV epidemic in the world and in 2012, an
estimated 1.6 million people were living
with HIV, and roughly 57,000 people
died from AIDS-related illnesses'?. Since
2008, the expansion of ART services
throughout the national healthcare system
had increased the number of adults on
treatment from 64% to 80% in 20137,
Use of Highly Active Anti-retroviral
Therapy (HAART) has been associated
with viral suppression and improved
patient survival. With prolonged life,
the prevalence of osteoporosis and
osteopenia increases due to differential
bone remodeling associated with aging*>.
HIV causes osteopenia through cytokine
and inflammatory- mediated pathways®’.
Highly Active Anti-Retroviral Therapy
(HAART) drugs have been associated
with decreased Bone Mineral Density
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(BMD) especially Tenofovir Disoproxil Fumarate
(TDF) and Protease Inhibitor (PI) based regimens. This
is probably through the effect of these medications on
cellular DNA synthesis and gene expression involved in
bone re-modelling?®.

The WHO recommends the use of Dual Energy X-
ray Absorptiometry (DXA, previously DEXA) method
to determine BMD levels, and has provided guidance on
classifying the levels into clinically relevant outcomes
depending on the number of Standard Deviations (SDs)
below the mean BMD for a healthy, young (25-35 years
of age), sex- and ethnicity-matched reference population
(T-score).

Other methods used to determine bone mineral
density include Quantitative Computer Tomography
(QCT) and Quantitative Ultrasound (QUS). Both DXA
and QCT involves utilization of specialized equipment,
generate ionizing radiation, are expensive and require
relative expertise.

Quantitative calcaneal ultrasonography offers
several benefits. It is cheaper and more portable than
DEXA, there is no exposure to ionizing radiation'® and is
as effective as DEXA at predicting femoral neck, hip, and
spine osteoporotic fractures !

Materials and Methods
This was a hospital based study carried out over a fifteen

week period between 4% May and 14" August 2015 at

Figure 1: Recruitment process

Mbagathi Hospital CCC and VCT Centre. A random
generation table was used to select participants from
the clinic and VCT Centre of which 105 participants
were selected in each arm (total of 315) after satisfying
the inclusion criteria for each arm. A questionnaire was
administered which captured demographic data, duration
of HIV/HAART use and occurrence of traditional risk
factors among the respondents. QUS bone mineral
density was assessed using a heel ultrasonic gel-coupled
QUS system, the Sunlight Mini Omni (Beam Med Ltd,
Israel). The participants were asked to remove their shoes
and stand with one foot on the ultrasound machine. Three
repeated measurements with repositioning was performed
on the same foot for all participants. BUA was expressed
as a T-score (standard deviations from the mean value
in normal young individuals of the same sex) using the
manufacturer’s age- and sex-specific reference data. A
bone densitometry form was filled for each participant
showing their bone mineral density.

Results

In this fifteen week study, 105 patients were recruited in
the HAART naive and TDF based HAART regime arms
(from Mbagathi CCC) and105 individuals who were HIV
negative were recruited from the Mbagathi VCT Centre
(Figure 1).
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Table 1: Socio-demographic characteristics among the comparative arms

. . HIV negative HIV non- HIV-on
Characteristic Categories No. (%) HAART HAART Total (%)
No. (%) No. (%)
18-22 15(14.1) 13(12.5) 7(6.8) 43.5%
Age (years) 2328 46(44.7) 22(21.1) 15(14.2) (29-28
29-34 31(29.5) 43(40.6) 31(29.5) years)
35-40 12(11.6) 27(26.8) 52(49.5)
Gender Male 48(45.7) 46(43.3) 44(41.4) 137(43.5)
Female 57(54.3) 59(56.7) 61(58.6) 178(56.5)
Married 14(13.2) 32(30.2) 60(56.6) 106(33.7)
Marital status Single 83(52.2) 53(33.3) 23(14.5) 159(50.5)
Divorced 8(19.5) 18(43.9) 15(36.6) 41(13.0)
Widowed 0(.0) 2(222) 7(77.8) 9(2.9)
Residence Rural 8(44.4) 1(5.6) 9(50.0) 18(5.7)
Urban 97(32.7) 104(35.0) 96(32.3)  297(94.3)
None 0(.0) 1(100.0) 0(.0) 1(0.3)
Highest education level Primary 21(20.6) 46(45.1) 35(34.3) 102(32.4)
Secondary 21(17.1) 50(40.7) 52(42.3) 123(39.0)
Tertiary 63(60.8) 8(9.0) 18(20.2) 89(28.3)
Unemployed 12(25.0) 23(47.9) 13(27.1) 48(15.2)
_ Student 60(85.7) 8(11.4) 2(2.9) 70(22.2)
Occupation Self employed 21(17.6) 45(37.8) 53(44.5) 119(37.8)
Civil servant 3(25.0) 4(33.3) 5(41.7) 12(3.8)
Other 9(13.6) 25(37.9) 32(48.5) 66(21.0)
Below 2500 55(51.4) 39(36.4) 13(12.1) 107(34.0)
Income level per month 2500 - 5000 22(36.1) 25(41.0) 14(23.0) 61(19.4)
(Kshs)* 5000 - 10000 16(23.2) 22(31.9) 31(44.9) 69(21.9)
10000 - 30000 10(14.9) 18(26.9) 39(58.2) 67(21.3)
>30000 2(18.2) 109.1) 8(72.7) 11(3.5)

*1US $ = Kshs 100

Figure 2: Prevalence of BMD abnormalities among

comparative arms
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The mean T-score of HIV negative respondents
was -1.197(x0.168) compared to mean T-scores of
-1.311(+0.184) and -1.740(x0.231) in the HIV positive
HAART naive and HIV positive on HAART respondents
respectively. There was a significant difference in mean
T-score between the comparative arms (ANOVA p-value
<0.001).
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Table 2: Socio-demographic characteristics and BMD

Characteristics Categories Normal BMD Ostopenia Osteoporosis P- value
18-22 48.1 30.2 21.7
23-28 44.5 29.3 26.2
Age (years) 29-34 38.4 33.0 28.6 0.032
35-40 22.0 31.9 46.1
Gend Male 39.7% 50.9% 9.5%
ender
Female 36.2% 47.7% 16.1% 0.257
Married 32.1% 46.2% 21.7%
. Single 39.6% 52.8% 7.5%
Marital status .
Divorced 36.6% 46.3% 17.1% 0.086
Widowed 66.7% 22.2% 11.1%
Resid Rural 33.3% 38.9% 27.8% 0.195
esidence
Urban 37.7% 49.5% 12.8%
None 100.0% 0.0% 0.0% 0.756
Highest educa- Primary 36.3% 47.1% 16.7%
tion level Secondary 39.8% 48.0% 12.2%
Tertiary 34.8% 52.8% 12.4%
Unemployed 41.7% 45.8% 12.5%
Student 38.6% 55.7% 5.7%
Occupation Self employed 37.0% 46.2% 16.8% 0.280
Civil servant 58.3% 25.0% 16.7%
Other 30.3% 53.0% 16.7%
Below 2500 40.2% 49.5% 10.3%
. tovel 2500 - 5000 34.4% 47.5% 18.0% 0.798
ncome leve
per month 5000 — 10000 39.1% 44.9% 15.9%
(Kshs)*
10000 — 30000 37.3% 50.7% 11.9%
>30000 18.2% 63.6% 18.2%

*1US $=Kshs 100

There was significant negative correlation between low BMD and marital status (p-value = 0.086), gender
T-score and age of the respondents (Spearman r = -.121, (p-value = 0.257), residence (p-value = 0.195), highest
p-value = 0.032). This implied that older patients were  education level (p-value = 0.756), occupation (p-value =

associated with lower levels of BMD (i.e. more negative 0.280) and income level per month (p-value = 0.798).
BMD). There was no significant association between

Table 3: Traditional risk factors distribution among the comparative arms

Risk factor HIV Negative HIV Non HAART HIV on HAART
Oral corticosteroid use 3.8% 1.9% 0%
Current smokers (n=11) 6.7% 1.9% 1.9%
Used to smoke (n=33) 8.6% 7.6% 15.2%
Alcohol intake (n=160)

Once monthly or less (n=122) 50.4% 45.7% 20.0%

Weekly(n=35) 19.0% 8.6% 5.7%

Daily (n=3) 1.9% 0.9% 0.0%
Sustained bone fracture 16.1% 20.0% 13.3%
Physical activity levels

Vigorous 22.8% 13.3% 14.2%

Moderate 43.9% 35.3% 45.7%

minimal 33.3% 51.4% 40.0%
BMI(Kg/m?) 26.1 24.8 23.6
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Body Mass Index (BMI): There was a significant
difference in BMI among the comparative arms (ANOVA
p-value < 0.001) with HIV negative patients having
significantly the highest BMI on average followed by
HIV non-HAART then HIV HAART patients. There was
significant positive correlation between T-score and BMI
(Pearson R = 0.085, p-value = 0.043).

Table 4: Multivariate analysis

Variable Significance ~ Odds 95% C.I. for
Ratio Odds Ratio
Lower  Upper
Age in years 0.364 1.017 981 1.053
BMI (Ref>25) 0.046 1.962  1.607  2.225

Multivariate analysis: Factors that were significant at
the bivariate stage (age and BMI) underwent multivariate
analysis to identify the predictors of decreased bone
mineral density. BMI was the only risk factor identified
as significant to predict occurrence of decreased bone
mineral density at (p-value of 0.046) (Table 4).

Discussion

Our study populations were adults between 18-40 years
old with a female preponderance of 56.5%. This was in
keeping with our national HIV demographics'?. Though
we did not match age and gender among the comparative
arms (resource constraints), our study showed a
significant negative correlation between T-score and age
of the respondents. This implied that older respondents
were associated with lower Bone Mineral Density (BMD)
levels. John et al*® attributed this to age related changes
in bone homeostasis and increased bone fragility.

Our study showed that the prevalence of
osteoporosis among HIV positive respondents on
HAART was significantly higher as compared to HIV
positive respondents not on HAART and HIV negative
respondents. Our study showed 58.1%, 32.6% and 9.3%
of those on HAART, HIV positive HAART naive and
HIV negative respondents respectively were osteoporotic.
This reflects a six-fold higher prevalence of osteoporosis
between HIV infected individuals and the HIV negative
controls. In other studies comparing HIV infected to
uninfected populations the T-score difference between
the two groups (HIV infected and uninfected) varied from
2.5-fold to 10-fold'*"".

Floter et al'® in a review of six comparative studies
between DEXA and QUS of the calcaneus concluded that
the QUS sensitivity (79% to 93%) and specificity (28%
to 90%) had wide variations which may lead to over or
under diagnosis of bone density abnormalities at the WHO
recommended T-score cut off of > 2.5. He also noted that
the diagnostic accuracy may be improved by varying the
cut off T-score. This could partly explain the high rates of
bone mineral density abnormalities in our study.

QUS and DEXA simply measures different
bone characteristics (bone quality and bone quantity
respectively). QUS can thus determine the strength of
bone micro-architecture which may be associated with

impaired bone structure with a higher risk of fractures
and lower BMD". QUS parameters including Speed of
Sound (SOS), Bone Ultrasound Attenuation (BUA) and
bone stiffness provide additional, specific and different
information which may be useful in the integrative
assessment of bone health®.

It is also important to note that QUS has been
extensively researched in large prospective studies and
meta-analyses and has demonstrated comparable utility
and diagnostic accuracy to DEXA at hip and non-spinal
bone sites 2%’

In our study, the prevalence of osteopenia was
32.5%, 31.2% and 36.4% in those HAART, HIV positive
HAART naive and HI'V negative respondents respectively.
This was in keeping with a meta-analysis of 37 studies
by Brown et al* which showed significant heterogeneity
between the studies for reduced BMD with osteopenia of
between 4% - 56% in the HIV negative respondents and
13% - 62% in the HIV positive respondents on HAART.
Poor dietary intake of calcium rich foods especially in
childhood and adolescence could explain the similar rates
of osteopenia across the comparative arms'2.

Several studies*?® have shown the association of
Tenofovir Disoproxil Fumarate (TDF) with nephrotoxicity
and hypophosphatemia due to renal tubular dysfunction
leading to impaired Vitamin D metabolism which may
determine low BMD in HIV patients.

HIV infection has been associated with decreased
BMD mainly through cytokine dysregulation and impaired
Vitamin D metabolism*-*2, Thus the longer duration of
living with HIV may be associated with low BMD?*. We
did not find significant association between T-score values
and length of living with HIV which could be attributed
to the relatively short duration of living with HIV among
the respondents, with a mean duration of 4.8 years. Body
Mass Index (BMI) was 23.6%, 24.8% and 26.1% among
HIV positive on HAART, HIV positive HAART naive
and HIV negative respondents respectively. We did find
a significant negative correlation between T-score and
BMI. Respondents with low BMI were likely to have
lower BMD values.

The difference in Bone Mineral Density (BMD)
abnormalities was in part, related to the difference in Body
Mass Index (BMI) between those on HAART and HIV
negative respondents. Bone mass is known to be positively
correlated with BMI, as an indicator of muscular mass,
and HIV infected individuals usually have lower body
weight compared with uninfected persons*?*. A meta-
analysis by Bolland et al*® showed that, after adjustment
for weight, residual between-group differences in bone
mineral density were small (2.2-4.7%) and unlikely to be
clinically significant.

Poor dietary intake of milk especially in childhood and
adolescence has been associated with low bone mineral
density '>*". This could partly explain low BMD in our
study participants who are from a low socioeconomic
catchment area.

Most longitudinal studies involving HAART-naive
individuals showed that bone mineral density declined by
2-6% within 24-48 weeks after initiation of HAART¥!,
Thereafter, bone mineral density values remained stable or
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even increased slightly*> We did not find any association
between QUS bone mineral density and duration of
treatment with HAART. This could be attributed to the
fact that majority of the respondents (68%) had received
HAART for at least 45 months.

Persons who consume moderate amounts of alcohol
have a lower risk of hip fractures compared to heavy
drinkers®. We did not find significant difference in
bone mineral density in the respondents who consumed
alcohol. This could be due to the fact that 50.8% of the
total respondents in our study took alcohol of whom76.3%
consumed alcohol once a month or less  and only 0.9%
of the study participants who consumed alcohol daily.

Karnis et al* in a multi-center prospective study
concluded that the risk of fractures is greater for smokers
and those with a history of smoking compared to non-
smokers. We did not find significant difference in
BMD between those who smoked, had prior history of
smoking and non-smokers. There was also no significant
correlation between pack years smoked and BMD. This
could be attributed to the fact that only 3.5% of the total
respondents smoked, with 2.7 average pack years and a
study population of young adults.

We did not find any association between oral
corticosteroid use with decreased BMD. This could
be attributed to the low number of respondents on oral
corticosteroids (5.7%), though duration of steroid use and
preventive measures against steroid induced osteoporosis
(vitamin D and calcium supplementation use) was not
assessed. Further studies are required to determine the
relationship of duration of corticosteroid use with BMD
in the HIV population. 43.9%, 45.3% and 45.7% of
HIV negative, HAART naive and those on TDF based
regime respectively were involved in moderate physical
activities. We did not find any difference in BMD values
in the intensity levels of physical activity among the
comparative arms. This could be attributed to the fact
that the respondents were from a low socio-economic
background (53.4% earned <kshs 5000 or US$50/month)
and could not afford public transport and would therefore
walk to work.

We have shown, in an African setting, that
HIV infected patients on a TDF based regime have
reduced Quantitative Ultrasound bone mineral density
in comparison to HAART naive and HIV negative
populations. However, the clinical significance of this
result in terms of osteoporosis remains unknown, since
we could not use the validated reference method by WHO
for bone mineral density assessment.
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