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ABSTRACT

Santos, WR, Santos, WR, Paes, PP, Ferreira-Silva, IA,

Santos, AP, Vercese, N, Machado, DRL, de Paula, FJA,

Donadi, EA, Navarro, AM, and Fernandes, APM. Impact of

strength training on bone mineral density in patients infected

with HIV exhibiting lipodystrophy. J Strength Cond Res 29

(12): 3466–3471, 2015—This study aimed to evaluate the

impact of strength training on bone mineral density (BMD) in

individuals harboring HIV exhibiting lipodystrophy. The study

included 20 subjects (16 men) aged 50.60 6 6.40 years

with reduced BMD, presenting positive serology for HIV, using

highly active antiretroviral therapy, and performing no regular

practice of physical exercise before being enrolled in the study.

Bone mineral density levels were evaluated by dual-energy x-ray

absorptiometry in the lumbar spine, femoral neck, and 1/3

radius, before and after 36 sessions (12 weeks) of strength

training. Compared with pre-exercise period, the results showed

increased BMD in lumbar spine (3.28%; p = 0.012), femoral

neck (8.45%; p = 0.044), and 1/3 radius (5.41%; p = 0.035).

This is the first study evaluating the impact of strength training in

patients living with HIV and exhibiting lipodystrophy, showing an

increased BMD in all the regions measured (lumbar spine, fem-

oral neck, and 1/3 radius). This study showed the beneficial

impact of the strength training on BMD increase in patients living

with HIV as an effective and available approach to improve bone

health.

KEY WORDS osteoporosis, prevention, physical exercise,

AIDS, HAART

INTRODUCTION

B
ecause the advent of highly active antiretroviral
therapy (HAART) and the improvement in sur-
vival among patients living with HIV, studies have
shown that reduction of bone mineral density

(BMD), osteopenia, and osteoporosis are common among
these patients (3,10,17,34).

HIV infection, HAART use, and patient characteristics
such as genetic factors, hormonal changes, and
lifestyle are associated with osteopenia and osteoporosis
(3,12,16,22,27,39). Nevertheless, few strategies to minimize the
reduction of BMD in people with HIV are found in the
literature, thus hindering its progression (10). It may includes
HAART switch strategies, pharmacologic interventions, and
lifestyle modifications (3,5,20). In individuals not infected
with HIV, the physical activity is a major environmental
factor that positively influences bone mineral accrual
(11,12,19,24,31) and strength training a great resource to
increase BMD because its mechanical characteristics lead
to a greater osteogenic effect (14,15).

However, in patients living with HIV, it remains
unknown. Looking the absence of targeted studies to
patients living with HIVand the influence of physical activity
in reducing bone loss, this study aimed to evaluate the
impact of strength training on BMD in patients living with
HIV with lipodystrophy.

METHODS

Experimental Approach to the Problem

This nonrandomized experimental study was conducted in
12 weeks, between January and December 2013, in the
Clinics Hospital of the School of Medicine at Ribeirão Preto
from the University of São Paulo (HCFMRP-USP) and in
the Education and Orientation for Adults and Elderly of the
Nursery School of Ribeirão Preto from the University of São
Paulo (COEAI/EERP-USP), in Ribeirão Preto, São Paulo,
Brazil, financially aid by the Foundation for the Support of
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Research of the State of São Paulo (FAPESP), processes
2011/7300-4 e 2011/03136-5.

The subjects were male and female patients living with
HIVwho are under HAART for at least 12 weeks, ages from
35 to 70 years, who were patients at HCFMRP-USP, and
participate the dietitian-counseling program; none of them
used nutritional supplementation. The subjects included in
this study had BMD reduction, measured by dual-energy
x-ray absorptiometry (DXA), did not exercise regularly for at
least 3 months, and had attested cardio conditions to
accomplish the training protocol. The exclusion criteria
were the use of any hormonal replacement therapy, any
clinical alteration during the training protocol, or absentee-
ism of more than 25% of the training sessions (9 in total).

Subjects

This study was approved by the Research Ethics Committee
of HCFMRP-USP (protocol- 6692/2010), and all the subjects
signed the agreement term stating to participate in the study
voluntarily and being able to quit the study at any time.
Subjects were recruited among 112 patients, from both sexes
(86 males), undergoing medical supervision at HCFMRP-
USP, and were included on the dietitian-counseling program.
To select the subjects, personal invitations were made during
medical supervision or dietitian-counseling days and by phone
calls. From the 112 patients, 97 were contacted and 48 agreed
to take part on the study. Among them, 13 were excluded for
not fitting the inclusion criteria and 3 gave up before
beginning the training protocol because of lack of time for
fulfilling the entire program. Therefore, 32 patients begun the
training program, and from them, 12 were excluded for not
being able to attend 75% of the sessions, leaving the final
sample with 20 subjects, 16 of them male.

Patients underwent to BMD measurement of lumbar
spine (L1–L4), femoral neck, and 1/3 radius, before and after
the strength training protocol. These regions were selected
for showing the highest rate of low BMD and were used for
the diagnosis of osteoporosis and osteopenia (11). The re-
gions evaluated in this study are also cited as reference values
for BMD in patients living with HIV (24,38).

The strength training protocol consisted of 36 sessions (12
weeks) of approximately 40 minutes (between 02:00 and
05:00 PM) every Monday, Wednesday, and Friday, at 48- to
72-hour intervals (1). In all sessions, the patients were under
the supervision of 3 researchers, all majored in Physical
Education. The 36 sessions were divided into 3 consecutive
phases: (a) preparation, 6 sessions with 3 series of 15 repe-
titions and 60-second intervals between the exercises (1).
The intensity was determined using the Borg and Noble
scale (8) scoring between 11 (almost easy) and 13 (bit tiring);
(b) transitional, 6 sessions with 3 series of 15 repetitions and
60-second intervals between the exercises, with intensities
ranging from 40 to 50% of the result obtained in the 1
maximum repetition test (MR) (1); (c) specific, 24 sessions
with 3 series of 8 repetitions and 90-second intervals, with

intensities ranging from 70 to 80% of 1 MR (1). Based on the
basic principles for periodization and physical exercise pre-
scription (13) and because of the natural adaptation process
to physical exercise, at the end of the 12th session from the
specific period (total of 24 sessions), a new 1 MR test was
applied to readapt the intensity of training load, still fixed at
70–80% of 1 MR (1).

The strength training was composed by the following
exercises, in order: warm-up (active stretching), bench press,
lat pull-down, leg extension, leg flexion, elbow flexion, elbow
extension, abdominal exercise, sole flexion, and cool-down
(active stretching). The exercise order was planned to
prioritize the utilization of the main muscles (1).

Before each session, the subjects were asked to talk about
their general health, and vital signs were measured (blood
pressure, heart rate, respiratory frequency, and oxygen
saturation). During the session, the subjects were monitored
for rehydration with water and between each series of
exercises for clinical conditions. If any subject showed any
clinical instability, before, during, or after the training
sessions, he would be excluded from the study and
immediately sent to HCFMRP-USP for medical care.
Furthermore, the patients were advised about the signifi-
cance of rest and sleep between the training sessions.

Materials and Methodology

Personal data from the subjects such as age, time with viral
infection, time of treatment, and drugs used were collected
using a questionary applied before the beginning of the
training protocol. Data were confirmed using the medical
records from each patient, adding the number of CD4+ cells
and viral load, also from medical records, together with body
mass and height. All data are presented in Table 1.

Body mass and height were measured using a Welmy
stadiometer and scale with a minimum detectable of 0.1 kg
for body mass and 0.1 cm for height.

A DXA (Hologic QDR 4500A scanner; Hologic Inc.,
Waltham, MA, USA) was used to measure the BMD of the
lumbar spine (L1–L4), femoral neck, and 1/3 radius, before
and after the strength training protocol (National Osteopo-
rosis Foundation, 2010; WHO 2007), under instructions and
recommendations from the manufacturer.

The strength training protocol was completed using
a training station (Athletic Way) with two 180-kg indepen-
dent columns that allows 2 persons simultaneously.

To define the intensity used in training, a Borg and Noble
Perceived Effort Scale was used. The preparatory phase had
the main goal of learning the movements, so it was needed
an easy load to the patients reach the goal, between almost
easy and bit tiring efforts (13). The patients were asked to
point out their physical effort according to the Borg and
Noble scale (8) right after finishing the series, and when
the value pointed was different from the expected, the load
was adjusted. In all sessions of this phase, the patients were
oriented about how to execute the movements correctly,
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under supervision all the time to accomplish the correct
amplitude, body position, and correct breathing.

After learning the movement in the previous phase, the
patients underwent the 1 MR test to determine the training
intensity for subsequent sessions in 3 time points (before
transition phase, in the middle of this phase [12 sessions],
and at the ending of the program). The evolution of the
loads is described in Table 2. This test aims to record the
maximum weight that the subject is able to lift on a single

repetition with the correct amplitude of movement. The
load was increased until the subjects are not able to complete
the required amplitude, being the previous load recorded
(1,21). This test is widely used with HIV patients (5,33).
However, only 6 tries were allowed in intervals of 80 sec-
onds, if it was not possible to identify the 1 MR value, a new
test was made 72 hours after the completion of the previous
one (21). The sole flexion was made unilaterally on the floor
and did not had 1 MR measured.

TABLE 1. Characterization of the patients included in the study regarding age, weight, height, time of HIV infection,
time of use of HAART, TCD4+ cell count, viral load, class of medications at the time of the study, and frequency in
the training program.*

Variable (N = 20) Mean (min–max) 95% confidence interval

Age (y) 50.6 (38.0–67.0) 46.895–54.305
Weight (kg) 71.8 (51.1–111.2) 65.386–78.233
Height (cm) 169.3 (151.0–185.0) 165.352–173.198
Time of HIV infection (y) 11.3 (1.0–23.0) 8.147–14.453
Use of HAART (y) 9.8 (1.0–23.0) 6.648–12.951
TCD4+ cells (cells$ml21) 449.8 (105.0–1,073.0) 322.422–577.278
Viral load (copies$ml21) 75.2 (,50.0–111.0) 48.270–61.830
Use of PI, n (%) 15/20 (75) 0.673–1.527
Use of NRTI, n (%) 19/20 (95) 1.336–1.964
Use of NNRTI, n (%) 10/20 (50) 0.260–0.740
Training frequency (%) 90 (81–100) 1.57–8.44

*HAART = highly active antiretroviral therapy; PI = protease inhibitors; NRTI = nucleoside reverse transcriptase inhibitors; NNRTI =
nonnucleoside reverse transcriptase inhibitors.

TABLE 2. Maximum strength test (1RM) before (pre) and after training (post).*

Exercise
(1RM—kg) (N = 20)

Descriptive Paired differences

T df pMean SD (min–max)
SD
error Mean (%) SD

SD
error

Bench press Pre 29.33 4.80 (20.41–38.56) 1.07 4.19 (14.29) 3.23 0.72 25.81 19 0.0001
Post 33.22 4.30 (27.22–40.82) 0.96

Lat pull-down Pre 37.08 3.39 (31.75–43.09) 0.76 3.29 (8.87) 2.38 0.53 26.17 19 0.0001
Post 40.37 1.89 (39.56–43.09) 0.42

Leg extension Pre 28.46 5.38 (15.88–34.02) 1.20 3.29 (11.56) 2.49 0.56 25.90 19 0.0001
Post 31.75 5.26 (20.41–36.29) 1.18

Leg flexion Pre 13.04 3.03 (6.80–15.88) 0.68 3.40 (26.07) 2.02 0.45 27.54 19 0.0001
Post 16.44 2.19 (13.61–20.41) 0.49

Elbow
extension

Pre 15.88 2.44 (11.34–18.14) 0.55 2.38 (14.99) 2.14 0.48 24.98 19 0.0001
Post 18.26 2.26 (15.88–20.41) 0.51

Elbow flexion Pre 16.22 3.23 (11.34–20.41) 0.72 2.04 (12.58) 2.84 0.63 23.22 19 0.005
Post 18.26 2.70 (13.61–22.68) 0.60

Abdominal Pre 18.48 3.70 (11.34–22.68) 0.83 2.15 (11.63) 2.26 0.51 24.26 19 0.0001
Post 20.64 2.38 (15.88–24.95) 0.64

*IRM = 1 repetition maximum.
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Statistical Analyses

A Shapiro-Wilk normality test was used to determine if the
data were normally distributed. The sample was character-
ized by descriptive analysis with maximum and minimum
values of age, body weight, height, time of infection, use of
HAART, CD4+ cell count, viral load, and therapeutic
regime. The BMD of the lumbar spine, femoral neck, and
1/3 radius was measured before and after the training. Data
were analyzed by the paired samples test (35), using software
SPSS 13.00, with the level of significance set at p # 0.05.

RESULTS

The study was conducted on 20 individuals, 16 men (80%),
with a mean age of 50.6 years (range, 38.0–67.0 years), body
weight of 71.8 kg (51.1–111.2 kg), and height of 169.3 cm
(151.0–185.0 cm). Mean duration of HIV infection was 11.3
years (1.0–23.0 years), HAART use was 9.8 years (1.0–23.0
years), TCD4+ cell count was 449.8 (105.0–1,073.0) cells per
microliter, and viral load was 75.2 (,50.0–111.0) copies per
microliter. Regarding the composition of therapy, 75% pa-
tients used protease inhibitors, 95% used nucleoside reverse
transcriptase inhibitors, and 50% nonnucleoside reverse tran-
scriptase inhibitors. Regarding the frequency of training, pa-
tients had an average frequency of 90% (81–100%) of
sessions (Table 1).

After strength training, patients showed a significant
increase of maximum strength, measured by the 1 repetition
maximum test in all trained exercises. On bench press, the
average increase was 14.29% (t =25.81; p = 0.0001), lat pull-
down 8.87% (t = 26.17; p = 0.0001), leg extension 11.56%
(t = 25.90; p = 0.0001), leg flexion 26.07% (t = 27.54; p =
0.0001), elbow extension 14.99% (t = 24.98; p = 0.0001),
elbow flexion 12.58% (t = 23.22; p = 0.005), and abdominal
exercise 11.63% (t = 24.26; p = 0.005; Table 2).

As well as muscle strength, patients showed a significant
increase in BMD in all regions measured, with the BMD
increasing 3.28% (t = 22.777; p = 0.012) for the lumbar

spine, 8.45% (t = 22.156; p = 0.044) for the femoral neck,
and 5.41% (t = 22.274; p = 0.035) for the 1/3 radius, as
shown in Table 3.

DISCUSSION

Bone mineral density indicates the structure of the bone
matrix, and its reduction leads to osteopenia/osteoporosis,
characterized as an asymptomatic disease of a systemic and
skeletal nature that makes the bone structure weak and
susceptible to fractures (10,12,24,29), more frequently affect-
ing the bone matrix of the vertebrae lumbar spine, femoral
neck, and 1/3 radius.

Recommendations for bone health consider the mechan-
ical loading characteristics that have the greatest osteogenic
effect (14,15). During physical activity, bone suffers from
mechanical forces exerted by muscle contraction and grav-
itational impact, and at the cellular level, the osteocytes,
perceive these mechanical forces as cell deformation, com-
municate with osteoblasts and osteoclasts to modulate bone
formation and reabsorption (6,9,12,17,18,37).

As the strength increased after the training protocol in all
patients, it may increase the BMD because of the more
expressive traction of the muscles to the bones. This
physiological response from their bodies could result in the
prevention of the problems related with mineral loss.

Some studies conducted on different populations of people
not infected with HIV, using diverse protocols of strength
training, have shown an increase in BMD. Increase in the
femoral neck and 1/3 radius arising from the strength training
have been reported in young women with 20 weeks of training
(26). In contrast, Almstedt et al. (2), in a 6-month study on men
and women, obtained an increase in BMD only in the femoral
neck of men, with no positive results for women, just as Bem-
ben and Bemben (4). Similarly, significant increases occurred
when the training includes menopausal women (7). Menkes
et al. (23), using a protocol of 16 weeks of training for healthy
men (59 6 2 years), showed a significant increase in BMD in

TABLE 3. BMD determined before (pre) and after (post) the strength training protocol.*

Region (BMD—
g$cm22)

(N =
20)

Descriptive Paired differences

T df pMean SD (min–max)
SD
error Mean (%) SD

SD
error

Lumbar spine Pre 0.914 0.133 (0.652–1.195) 0.029 0.029 (3.28) 0.048 0.010 22.777 19 0.012
Post 0.944 0.145 (0.696–1.213) 0.032

Femoral neck Pre 0.793 0.186 (0.470–1.207) 0.416 0.067 (8.45) 0.139 0.031 22.156 19 0.044
Post 0.860 0.167 (0.510–1.271) 0.375

1/3 radius Pre 0.573 0.745 (0.455–0.722) 0.166 0.031 (5.41) 0.060 0.013 22.274 19 0.035
Post 0.604 0.983 (0.466–0.910) 0.219

*BMD = bone mineral density.
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the femoral neck (1.0%) and lumbar spine (0.9%) but in lumbar
spine it was not signficantly different from control group.

Specifically addressing patients living with HIV, many
factors contribute to low BMD including HIV infection,
exposure to antiretroviral treatment (12,22), altered levels of
hormones and inflammatory cytokines, vitamin D and cal-
cium deficiency, and physical inactivity (17,33). The litera-
ture does not describe specific treatment for BMD reduction
in persons living with HIV that can support for the clinical
management of patients (27,28). Some studies (20,31) have
stated that the management is the same as that used for
people not infected by HIV (change in lifestyle, hormone
replacement, calcium and vitamin D intake, and physical
exercise). Additionally, there are no published data on the
preventative strategy to fracture risk and bone health knowl-
edge among adults living with HIV (32).

The main concern raised by the reduction of BMD is the
development of osteopenia, osteoporosis, and fracture risk
because several studies have shown high rates of fractures
among persons living with HIV (10,25,30,36), with a conse-
quent increase in morbidity and mortality (10).

This is the first study evaluating the impact of strength
training on BMD in persons living with HIV. The protocol
used showed a significant increase in BMD in all regions
measured, specifically the lumbar spine (3.28%; p = 0.012),
femoral neck (8.45%; p = 0.044), and 1/3 radius (5.41%;
p = 0.035). The study also found a significant increase in
the maximum strength of all exercises performed, which
may have aided in increasing BMD because of greater ten-
sion exerted by the muscles to strengthening. Otherwise, the
increase in BMD can improve the patient functional capacity
and hence quality of life. However, this was not a variable
found in this study.

Measures of bone health must be interpreted in the
context of effects of HIV infection, HAART use, and other
lifestyle factors. This study showed the beneficial impact of
the strength training on BMD increase in patients living with
HIV as an effective and available approach to improve bone
health. Given the striking increase in BMD after short-
course strength training, this protocol is an attractive
approach and warrants further study. More studies are
needed to clarify that strength training can be a resource
to increase BMD in individuals harboring HIV.

PRACTICAL APPLICATIONS

The results suggest that strength training, with a short period
(12 weeks), increased the BMD in individuals harboring HIV
at the regions of lumbar spine, femoral neck, and 1/3 radius.
It can be used as an adjunctive treatment for the manage-
ment of osteopenia and osteoporosis, reducing the risk of
fractures, morbidity and mortality, and consequently,
improving the quality of life of persons living with HIV.

Because osteoporosis is often an asymptomatic condition
with long latency until fracture, the practical applications of
this study contribute to the management of patients living

with HIV to improve bone health and to prevent fractures in
at-risk patients before they occur and to reduce the likeli-
hood of their recurrence. Our findings support the accept-
ability of future clinical trials in this area.
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