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ABSTRACT

Aims: To identify the frequency in changes of bone metabolism, including below the average value for age, osteopenia,
and osteoporosis, in people living with HIV/AIDS (PLWHA) and to compare the frequency of factors associated with
bone mineral density (BMD) and body composition between sex. Methods: This observational study assessed 106
PLWHA (65 male) recruited from the University Hospital of Ribeirdo Preto Medical School from 2013 to 2014. BMD was
measured using Dual Energy X-ray Absorptiometry (DXA). Standard deviation values for Z- and T-score proposed by the
International Society for Clinical Densitometry were adopted to classify participants below the average value for age,
osteopenia, and osteoporosis. Qui-square and Fischer’s exact tests were employed to compare males and females based
on their factors associated with BMD reduction. Results: Fifty-two (49%) PLWHA presented at least one diagnosis for
below the average value for age, osteopenia, and osteoporosis, being 37 (57%) and 15 (37%) male and female, respec-
tively. Frequency of alcohol consumption was higher in males (n=20; 30.8%) than females (n=05; 12.2%) (p=0.028).
Conclusions: A high rate of PLWHA showed changes in bone metabolism, with a higher frequency in males. The fre-
quency of alcohol consumption was higher in males, and it may partially explain the possible causes of the increased
rates of bone metabolism changes observed in this group. This information may help develop strategies for reducing the
frequency of diagnosis for below the average value for age, osteopenia, osteoporosis improving quality of life in PLWHA.
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RESUMO

Objetivos: Identificar a frequéncia de alteragdes no metabolismo ésseo, incluindo valores abaixo do estimado para idade,
osteopenia e osteoporose, em pessoas vivendo com HIV/Aids (PVHA) e comparar a frequéncia de fatores associados a
reducdo da densidade mineral dssea (DMO) e composicdo corporal entre sexos. Métodos: Estudo observacional que ava-
liou 106 PVHA (65 do sexo masculino) recrutadas do Hospital das Clinicas da Faculdade de Medicina de Ribeirdo Preto da
Universidade de S&o Paulo entre os anos 2013 e 2014. A DMO foi medida utilizando a Absorciometria Radioldgica de Dupla
Energia (DXA). Valores de desvio padrdo Z- e T- scores propostos pela Sociedade Internacional para Densitometria Cli-
nica foram adotados para classificar os participantes em abaixo do valor estimado para idade, osteopenia e osteoporose.
Os testes do qui-quadrado e exato de Fischer foram empregados na comparagao entre os sexos baseado em seus respec-
tivos fatores associados a redugdo da densidade mineral dssea. Resultados: Cinquenta e dois (49%) PVHA apresentaram
ao menos um diagndstico para abaixo do valor estimado para idade, osteopenia e osteoporose, sendo 37 (57%) do sexo
masculino e 15 (37%) feminino. A frequéncia de consumo de alcool foi maior no sexo masculino (n=20; 30,8%) compara-
do ao feminino (n=5; 12,2%) (p=0,028). Conclusdes: Uma alta taxa de PVHA apresentaram alteragdes no metabolismo
0sseo, com maior frequéncia no sexo masculino. A frequéncia no consumo de alcool foi maior no sexo masculino, podendo
explicar parcialmente as possiveis causas para taxa aumentada de alteragdes no metabolismo ésseo observada nesse
grupo. Essa informacdo pode contribuir no desenvolvimento de estratégias para redugdo da frequéncia do diagnostico para
valores abaixo do estimado para idade, osteopenia e osteoporose, melhorando a qualidade de vida em PVHA.

Palavras-chave: HIV; Densidade Ossea; Terapia Antirretroviral de Alta Atividade; Prevaléncia; Diagndstico.
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INTRODUCTION

Access to free of cost antiretroviral therapy
(cART) in Brazil has contributed to reducing the
number of deaths due to complications associated
with Human Immunodeficiency Virus (HIV)*2. The
availability and access to such therapy treatment
have positively impacted life expectancy in people
living with HIV/AIDS (PLWHA). In fact, life expec-
tancy in PLWHA has increased 37 additional years3.
This creates a new challenging scenario where
PLWHA are aging with HIV infection. PLWHA may
be at higher risk for comorbidities due to prolonged
use of cART and the aging process. For instance,
there is evidence of the high prevalence of comor-
bidities in this population, including a reduction
in bone mineral density (BMD)*. Changes in bone
metabolism in PLWHA are multifactorial. The fre-
quency of factors associated with BMD reduction
includes sex, advanced age, time of HIV diagnosis,
high viral load, decrease in CD4+ T cell count, time
of exposure to cART, use of tobacco and frequency
of alcoholic drinks, and low physical activity level>®.
In terms of the antiretroviral classes from cART
associated-BMD reduction, the protease inhibitors
(PIs) are specially highlighted”’.

BMD reduction is associated with an increased
frequency of skeletal diseases, including osteopenia
and osteoporosis. Osteoporosis is a systemic skele-
tal disease characterized by reduced BMD values and
microarchitecture deterioration in bone tissue, with
consequent increases in bone fragility and fracture
susceptibility®. Osteopenia refers to a bone condition
in which calcification, density or mass is reduced,
but it is not reduced enough to be classified as oste-
oporosis®. Studies indicate that the prevalence of
osteoporosis is three times higher in PLWHA com-
pared to people without the condition'®. The high
susceptibility for fractures due to osteoporosis may
negatively impact the quality of life in PLWHA, and
increase the need for health care services; increas-
ing the public costs in the health sector.

The University Hospital of the School of
Medicine of the University of Sao Paulo in Ribeirdo
Preto, Brazil (HC-FMRP/USP) is an institution main-
tained by the State of Sdo Paulo. In 2014, the
Special Unit for Treatment of Infectious Diseases
(UETDI) from the HC-FMRP/USP provided medical
services for nearly 1,300 PLWHA. To the best of our

knowledge, there are no recent studies that inves-
tigated the frequency of changes in bone metabo-
lism in PLWHA at HC-FMRP/USP. In addition, there is
limited data on rates of change in bone metabolism
in this population. This is important because identi-
fying PLWHA affected by changes in bone metabo-
lism associated with a reduction in BMD, especially
osteopenia and osteoporosis, implies opportunities
for improving prevention, treatment, distribution
of resources, and reduction of hospitalization cost,
contributing to a better quality of life in this pop-
ulation. Further, understanding the differences in
body composition between male and female sex,
considering the frequency of factors associated with
sex-specific BMD reduction may indicate ways for
preventing skeletal diseases. To this end, this study
sought to identify the frequency in changes of bone
metabolism, including below the expected range for
age, osteopenia, and osteoporosis, in PLWHA and
to compare the frequency of factors associated with
BMD reduction and body composition among sex.

MATERIALS AND METHODS
Study population

We conducted a cross-sectional observa-
tional study design and assessed 106 individuals.
All patients had a diagnosis of HIV/AIDS and were
receiving treatment at the HC-FMRP/USP/UETDI
at the time of the study (between November 2013
and November 2014). The research team set up a
study booth next to the waiting room of the hospital.
All PLWHA (n=125) waiting for an appointment with
a health care professional during the days of our data
collection were invited to participate in the study.
Inclusion criteria included: a) diagnosis of HIV/AIDS
as adults; b) aged 18 years and over; c) currently
under cART treatment. Exclusion criteria included:
a) being treated for opportunistic diseases or can-
cer; b) immune inflammatory diseases; c) wasting
syndrome; d) rare metabolic disorders; e) being
pregnant; f) using a prosthesis and being amputated
and; g) being engaged in an exercise program in the
past six months, or experiencing rapid weight loss in
the past six months. A total of 19 PLWHA (male=10
and female=9) were considered not eligible. The rea-
sons included, declined to the study (5), diagnosed
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with HIV/AIDS under 18 years (2), in treatment
for cancer (2), pregnant (1), use of prosthesis (3),
engaged in regular exercise program (3), rapid body
weight loss in the last six months (1), and not com-
pleted all study steps (2). Thus, data were collected
in 106 (84.8%) patients. To achieve a power range
of 0.75 to 0.80 with a significance level of p < 0.05
for detecting differences among sex, a sample size of
100 to 112 PLWHA was recommended.

Ethical Aspects

The study’s protocol was approved by
the University Hospital, School of Medicine of
the University of Sdo Paulo in Ribeirdo Preto,
Brazil (Ethical Review Board; process number:
7082/2011) and was in agreement with the Helsinki
declaration. All participants volunteered to partici-
pate in the study and sighed an informed consent
prior to data collection.

Procedures

Participants’ medical records were used to
collect information on age (years), time of HIV diag-
nosis (years since the diagnosis), time of exposure
to cART (years since the beginning of treatment),
and type of cART (with or without protease inhibi-
tor). In addition, participants complete a question-
naire on race/ethnicity, tobacco, illicit drugs, and
frequency of alcohol consumption (yes = 3 units per
day). The self-reported race/ethnicity of the partic-
ipants was assessed following the definitions by the
Brazilian Institute of Geography and Statistics?!.

Laboratory exams

The clinical condition of PLWHA was verified
by viral load and the CD4+ T lymphocyte count. The
laboratory exams were performed at the Laboratory
of Viral Load, Serology Sector of HC-FMRP/USP. Viral
load level is detectable when HIV RNA is > 40 mL-1
copies. Viral load was determined by the Real Time
Abbott method using the Siemens - Versant® HIV - 1
RNA 3.0 kit and DNA Analyzer System 340®. CD4+ T
lymphocyte count (cells/mm3) was performed by Flow
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Cytometry, using the Multitest® kit and the Calibur®
Facs cytometer (Becton Dickinson - S&o José CA).

Body composition assessment and
osteopenia and osteoporosis diagnosis by
DXA

Body composition and changes in bone
metabolism including below the expected range for
age, osteopenia and osteoporosis were assessed
using a DXA equipment (DXA Hologic instrument
model QDR 4500W); which is a valid, non-inva-
sive and accurate measure. A trained technician
operated the equipment following standard proce-
dures'?. Total body weight (kg), total trunk fat mass
(kg), lower limbs fat mass (kg), and bone mineral
content (BMC) (kg) were measured for sample
characterization. BMD (g/cm?2) was measured at the
lumbar spine, right hip, and left forearm for iden-
tifying bone alterations. For classifying below the
expected range for age, osteopenia, and osteopo-
rosis, we adopted the values of standard deviation
for Z- and T-score proposed by the International
Society for Clinical Densitometry?3.

Statistical Analysis

Exploratory analyses were conducted to inves-
tigate potential outliers. Descriptive analysis (i.e.,
measures of central tendency, standard deviation
(SD) and 95% confidence interval (95%CI)) were
used for sample characterization separated by sex.
Parametric statistics were used considering the cen-
tral limit theorem?*. We further used an independent
t test to examine potential differences between males
and females based on their body composition metrics
assessed by DXA. The chi-square test was employed
to assess differences among sex for uses of tobacco,
frequency of alcoholic drinks, and frequency of bone
metabolism alterations. Fisher’s exact test was used
to assess differences between sex for uses of illicit
drugs, and regions of bone metabolism alterations.
Absolute (n) and relative (%) values were depicted
for frequency of osteopenia and osteoporosis by sex.
Analyses were performed using the SPSS 23 (IBM
Corporation, Armory, N.Y), with the level of signifi-
cance set at p <0.05.
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RESULTS

Results about the average age of the partici-
pants, self-reported race/ethnicity, time of diagno-
sis of HIV, time of exposure to cART, type o cART,
CD4+ T lymphocytes, and viral load account were
previously described?>. Briefly, we observed homo-
geneity of participants among age, time of diag-
nosis of HIV, time of exposure to cART treatment,
CD4+ T lymphocytes, and viral load account (no
one PLWHA showed detectable viral load)?!>. Detailed
information on body composition measured by DXA
separated by sex is provided in Table 1. About body
composition, we did not observe a significant differ-
ence by sex only for BMD.

In terms of variables that may be influence
bone alterations, only frequency of alcoholic drinks
was higher in male than female sex (p = 0.028;
male n=20 / 30.8% and female n=05/ 12.2%).
We did not observe differences by sex for uses
of tobacco (p = 0.478; male n=20 / 30.8% and
female n=10 / 24.4%), and uses of illicit drugs
(p = 0.157; male n=04 / 6.2% and female n=01 /
4.1%).

Table 1

Figure 1 shows the frequency and absolute
values of PLWHA with bone alterations. Fifty-two
(49%) out of 106 PLWHA showed bone metabolism
alterations. According to sex, 15 (37%) females
showed at least one bone metabolism alterations
compared to 37 (57%) males. The chi-square test
showed association among males and bone metab-
olism alterations (X2 = 7,658; p < 0,006).

Figure 2 shows the frequency and absolute
values of PLWHA with bone alterations at the lum-
bar spine, right hip, and left forearm. At the lum-
bar spine region, 13 (%) PLWHA showed below the
expected range for age, 23 (%) osteopenia, and
eight (%) osteoporosis. At the right rip region, a
three (%) PLWHA showed below the expected range
for age, 20 (%) osteopenia, and two (%) osteopo-
rosis. At the left forearm region, eight (%) PLWHA
showed below the expected range for age, 15 (%)
osteopenia, and nine (%) osteoporosis. Fisher’s
exact test showed that there is no association
between sex and changes in bone metabolism at
the lumbar spine region (X2 = 5,894; p = 0,112),
right rip region (X2 = 2,062; p = 0,628), and left
forearm region (X2 = 7,497; p = 0,053).

Mean and standard deviation values separated by sex of body composition metrics assessed by DXA in people living

with HIV/AIDS.

People living with HIV/AIDS (n=106)

Variables Male (n=65) Female (n=41) t (p) value
Mean £ SD 95% CI Mean £ SD 95% CI

Body composition by DXA

Total body weight (kg) 70.7+11.5 67.8to 73.4  63.6%11.6 59.7to 67.1 3.0 (0.003)
Total trunk fat mass (kg) 26.046.3  24.4t027.5  33.847.0  31.4t035.9 Ei'g.oon
Total limb fat mass (kg) 5.242.3 4.6 0 5.8 8.143.6 7.0t09.2 Ei'g.om)
Total bone mineral content (kg) 22.3+£3.5 21.3 to 23.2 18.3+3.6 17.3t0 19.3 (5;%_001)
Bone mineral density (g/cm?2) 1.1+0.1 1.1to 1.1 1.1+0.1 1.0to 1.1 2.0 (0.053)

Note: HIV: Human Immunodeficiency virus; AIDS: Acquired immunodeficiency syndrome; SD: Standard deviation; 95% CI: Confidence
interval in 95%; mm: millimeters; DXA: Dual energy x-ray absorptiometry; Kg: Kilograms; g/cm?: grams per square centimeters.
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Figure 1: Frequency and absolute values of people living with HIV/AIDS with bone alterations: total sample, female sample

and male sample.

Figure 2: Frequency and absolute values for the lumbar spine, right rip and left forearm alterations in people living with HIV/AIDS.

DISCUSSION

This study sought to verify the frequency of
osteopenia and osteoporosis in PLWHA receiving
treatment at the HC-FMRP/USP and to compare the
frequency of factors associated with BMD reduction
and body composition between sex. The findings
indicated high rates of changes in bone metabolism
in PLWHA (half of PLWHA present reduction in BMD
indicating diagnosis for clinical diseases develop-
ment) with males being more frequent compared
to their female counterparts. When we compared
the variables that may influence bone alterations,
males showed higher frequency of alcoholic drinks
than females. Our findings are important and may
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be used by health professionals involved in the care
of HIV/AIDS patients by proposing strategies of pre-
vention and treatment for bone alterations, contrib-
uting to a better quality of life in this population.
Bone demineralization occurs naturally in both
males and females during the aging process, and
starts during the third decade of life, with increased
velocity for women post menopause!®. Beyond the
frequency of factors associated with BMD reduc-
tion in PLWHA, bone demineralization is potentiated
by HIV infection and the use of cART. Thus, it is
common to observe a higher frequency of changes
in bone metabolism in PLWHA than seronegatives
(people without the condition)!® 8, According to the
literature, the frequency of factors associated with
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bone mineral demineralization in PLWHA include:
sex, advanced age, time of HIV diagnosis, high
viral load, reduction in CD4 + T cell count, time
of exposure to cART, use of tobacco and frequency
of alcoholic drinks, and low level of physical activ-
ity>®. In previous results we did not observe signif-
icant differences between sex for age, CD4 + T cell
count, time of HIV diagnosis, and time of exposure
to cART*. These results indicate the homogeneity
of the sample and suggest no different influences of
these frequencies of factors by sex.

We observed that the mean time of HIV diag-
nosis was relatively high in both sex*. A longitudi-
nal study evaluated BMD reduction and identified
that low values of BMD are associated with long
time of HIV diagnosis'®. In fact, a review conducted
by Borderi et.al. concluded that bone tissue can be
understood as a reservoir of HIV, once the effects of
antiretroviral treatment are limited on this tissue as
a result of a limited blood flow, infecting osteoblasts
and leading to an incomplete filling of the bone gaps
during remodeling, with a consequent reduction in
BMD?°, Of note, all participants in our study were
under cART. There is evidence suggesting that some
classes of cART, especially PIs contribute to accel-
erating bone demineralization, which is associated
with increased frequency of osteoporosis and risk
of fractures in PLWHA” 2122, However, we did not
observe differences between sex in “time of expo-
sure to cART” and use of PIst5.

The trunk fat mass and total limb fat mass
were higher in the female sex. Some studies sug-
gest that body fat in pre and postmenopausal
women has a strong association with BMD, being a
protective factor against decreasing bone deminer-
alization?3-25, It is clear in the literature that estro-
gen hormones play a role in bone tissue homeosta-
sis, and the decrease in its levels in postmenopausal
women leads to bone loss and osteoporosis?¢ 27,
Nevertheless, these hormones can be produced by
adipose tissue exerting a role in bone metabolism
in postmenopausal obese women?. Further, obese
postmenopausal female subjects present with a
reduction in the concentration of sex hormone-bind-
ing globulin, leading to an increase in metabolically
active estrogens (both factors that promote bone
remodeling), preventing BMD loss (239, In terms of
bone mineral content (BMC), although a significant
difference was observed, in which males presented

with higher BMC than females, this can be partially
explained by the fact that males had a greater
average height when than females. Even with no
differences in BMD between sex comparisons, we
expected higher values for males than females due
to the male’s height and the strong association
between BMC and BMD (32).

Another difference observed refers to fre-
quency of alcohol consumption, in which males pre-
sented with higher frequency of alcohol consump-
tion than females. Previous studies conducted with
seronegative individuals observed a strong associa-
tion between high alcohol consumption and changes
in bone metabolism; suggesting high alcohol con-
sumption as a risk factor for BMD reduction33-3>,
Song et al. (2018) observed an increase in BMD
after alcohol abstinence in seronegative males®. The
literature indicates that alcohol abuse is associated
with a net loss in bone mass, decreasing osteoblast
activitys3e.

Regarding the frequency of changes in bone
metabolism among PLWHA, our findings are simi-
lar to those observed in national and international
studies. For instance, a cross-sectional study, con-
ducted in France with 492 PLWHA with a mean
age of 43 years, also observed a high frequency of
osteoporosis (53.7%) and osteopenia (26.8%)>. In
another study, conducted at the University Hospital
of Lille, France, with 49 males with an average age
of 36 years, 25% had reduced BMD values and were
diagnosed for clinical disorders (below the expected
range for age, osteopenia or osteoporosis). In addi-
tion, the lumbar spine was the region most affected,
similar to our study?”. A national study conducted at
the University of Sao Paulo in Sdo Paulo, Brazil with
108 PLWHA observed that 23.15% presented with
reduced BMD values32.

The findings of our study should be inter-
preted with caution due to some limitations. We did
not measure or control for participants eating hab-
its, physical activity and the use of other medication
(other than cART) that could potentially affect BMD.
Though the difference found in alcohol consump-
tion between sexes, this variable was not evalu-
ated by the standardized survey. Some important
data was not evaluated, as a correlation between
treatment time and the probability to develop
bone changes, viral load, race, etc. New research
approaches considering these variables may help
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health professionals understand the particular influ-
ences for bone metabolism alterations in PLWHA
and thus to promote strategy for avoiding and or
minimizing this occurrence. Despite the limitations,
we were able to engender valuable information that
may contribute to the devise allocation of financial
resources by the public sector, regarding the pre-
vention and treatment of changes in bone metab-
olism in PLWHA; contributing to increase quality of
life of this population. Our sample size represents
about 10% of all PVHA being treated at HC-FMRP-
USP / UETDI. Even we did not evaluate a large
number of PVHA, our results indicate a good view of
the scenario, highlighting important characteristics
for the body composition status of this population in
this hospital. Studies that consider local characteris-
tics of the reality of PLWHA treated in hospitals and
health centers are necessary to identify the bur-
den of the frequency of factors associated with BMD
reduction. This is important to mitigate the impact
of comorbidities associated with HIV and reduce the
public health system costs.

CONCLUSION

Even though PLWHA from both sexes did not
have differences in BMD, males showed the highest
frequency of alterations in bone metabolism. Only
the frequency of use of alcoholic drinks may suggest
the possible causes for the increased rates of bone
metabolism changes observed in males. This infor-
mation may help develop strategies for resources’
allocation and behavior change awareness for
reducing the frequency of diagnosis for below the
expected range for age, osteopenia, osteoporosis,
and improve quality of life in PLWHA.
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