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ABSTRACT 

Reduced bone mineral density (BMD) is common among people living with HIV (PLWHIV) 

following the use of tenofovir (TDF) based antiretroviral therapy (ART) drugs. Although 

pharmacological therapies used to manage reduced BMD are associated with adverse effects, 

non-pharmacological strategies to manage reduced BMD resulting from ART drugs in PLWHIV 

have not been investigated. Despite evidence that exercise is effective in increasing BMD, there 

has been minimum effort to investigate effects of exercise on low BMD resulting from ART 

drugs in PLWHIV. The purpose of the research project was to investigate the prevalence of 

reduced BMD with its associated factors and the role of exercise in increasing bone mineral 

density among people living with HIV and receiving antiretroviral therapy in Blantyre, Malawi. 

This was a cross sectional and randomised controlled study involving HIV-positive adults 

receiving TDF based ART recruited from Blantyre, Malawi. Data on prevalence of BMD and 

physical activity (PA) was collected using the Dual Energy X-ray Absorptiometry (DEXA) and a 

global PA questionnaire. Eligible and willing participants with reduced BMD were then 

randomised into either maximal strength training group (TG) or control group (CG). Variables of 

BMD, Peak Oxygen Uptake (VO2max), Peak Heartrate (HRpeak) and One repetition maximum 

(1 RM) were obtained and analysed at base line and after the exercise intervention in both the 

TG and CG. Data were analysed using IBM Statistical Package for the Social Sciences (SPSS) 

version 21. Descriptive statistics using mean and standard deviation (SD) were used to 

characterize demographic variables. Student T – tests were used to analyse the differences 

between TG and CG. Out of 282 participants, 55 (20%) had low BMD while 227 (80%) had their 

BMD within the expected ranges for age. Most participants (40%) had low PA levels, followed 

by those who were moderately physically active (36%) while a smaller number of participants 

(24%) had high PA levels. Participants with low PA level (OR 1.23, p = 0.6) were more likely to 

have reduced BMD than those with high PA level. Data of 24 participants with reduced BMD 

randomised into TG (14) and CG (10) were analysed. After the intervention, there were 

significant improvements in lumbar BMD (p <0.001) and resting heart rate (p = 0.03) in the TG 

compared to the CG. There were significant improvements in 1 RM in both the TG (p <0.001) 

and the CG (p = 0.01). Prevalence of reduced BMD is high among PLWHIV in Malawi 

especially male Malawian adults. Most PLWHIV and receiving ART in the sample had low PA 

levels. The occurrence of reduced BMD was more likely among participants with low PA level. 

Maximal strength training improves lumbar BMD, resting herat rate and strength in PLWHIV 

receiving ART in Blantyre, Malawi. 
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1. INTRODUCTION 

1.1 Background 

Despite benefits of increased survival, use of tenofovir based anti-retroviral therapy (ART) 

regimens in Human Immunodeficiency Syndrome (HIV) patients is associated with low bone 

mineral density (BMD)(1). Low bone mineral density is characterised by osteopaenia and 

osteoporosis which predispose people living with HIV to fragility and future fall related 

fractures(2) thereby increasing the risk for morbidity and mortality. Fractures resulting from 

reduced bone mass in people living with HIV (PLWHIV) and receiving ART has been 

documented in a number of studies(3). Higher fracture rates among people living with HIV have 

been reported in the first 2 years after ART initiation relative to subsequent years(4). It has also 

been suggested that younger HIV infected adults between the ages of 25 – 54 years are at an 

increased risk of bone fractures due to ART use(5) yet there are no clear directions on effective 

strategies to prevent and manage reduced bone mineral density among this patient population.  

Although evidence exists that exercise is effective in increasing bone mineral density(6,7),  

effects of exercise on low bone mineral density resulting from antiretroviral therapy drugs in 

HIV infected individuals has not been fully explored.  

 

There is a paucity of data on the prevalence of low BMD among people living with HIV in 

Malawi. The prevalence of osteoporosis and osteopenia in people living with HIV and receiving 

ART is estimated to be over three times higher than that in HIV uninfected individuals(8). In 

high income countries, about 50% to 60% of people living with HIV are osteopenic with an 

additional 15% being osteoporotic(9). A prevalence of 47% to 67% in low BMD, osteopenia and 

osteoporosis were also found in low income areas of Nigeria and  India(10,11). This could 
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suggest that low bone mineral density is generally higher among HIV infected individuals in 

resource limited settings compared with resource rich settings. Despite evidence that tenofovir 

significantly contributes to loss of bone mass (1,4,12,13), most first line ART treatment regimens 

recommended by World Health Organisation (WHO) in resource-limited settings, contain 

tenofovir (14,15). This makes reduced bone mineral density highly likely among people living 

with HIV in most resource-limited settings such as Malawi. However despite the advent of 

tenofovir based antiretroviral therapy regimen in 2011(16), there has been minimum effort to 

investigate the prevalence of low BMD in Malawians living with HIV and receiving ART. 

 

Treatment strategies for low bone mineral density resulting from anti-retroviral therapy have no 

clear directions. Strategies to manage reduced BMD, osteopenia and osteoporosis resulting from 

ART include providing vitamin D and calcium supplements as well as pharmacological therapies 

such as bisphosphonates, teriparatide and denosumab(9). However, beneficial effects of 

denosumab, Vitamin D and calcium supplements in managing low BMD are not clear and 

remains to be further investigated(9). Although, Bisphosphonates are available in low income 

countries, they induce atypical femoral fractures and may not be used for more than 5 years(17). 

On the other hand, Teriparatide has a rare risk for osteosarcoma(9), which may limit its 

recommendation for use among people living with HIV. Compliance and adherence issues have 

also been associated with pharmacological therapies(18) with some studies showing that half of 

patients treated with bisphosphates discontinue treatment after 4 months(19,20). Over and above, 

these pharmacological strategies increase the pill burden for people living with HIV who are 

already on ART. Since pharmacological therapies are associated with a number of side effects 
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and adherence problems which may limit their use among HIV infected individuals on ART(17–

24), non-pharmacological based interventions could be an attractive alternative. 

 

There is growing evidence that exercise increases bone mineral density(6,7). Thus exercise may 

be used as a strategy to increase bone mineral density in PLWHIV and receiving ART.  Despite 

evidence that exercise is effective in increasing bone mineral density in men and women(6,7), 

knowledge on the effects of exercise on low BMD among people living with HIV and receiving 

ART is scarce. Exercise has been proven to be a safe(25), inexpensive and practical way of 

treating some chronic diseases(26) and improving the quality of life(27,28). In view of declining 

rates of mortality and morbidity among people living with HIV due to increased accessibility of 

ART in resource limited settings, exercise may be a cost effective non pharmacological strategy 

in preventing and increasing BMD thereby reducing osteoporosis and fall related fractures 

resulting from reduced bone mineral density. Therefore, this thesis highlights challenges in 

strategies used to manage reduced bone mineral density among people living with HIV, presents 

the prevalence and associated factors of reduced bone mineral density among Malawian adults 

living with HIV and present the role of exercise in increasing bone mineral density among 

people living with HIV and receiving antiretroviral therapies in Malawi. Specifically, the 

following research questions have been addressed in the thesis:  

 

1) What are the effective strategies used to manage reduced bone mineral density resulting 

from antiretroviral therapies? 

2) What is the prevalence of low bone mineral density among people living with HIV and 

receiving antireroviral therapy in Blantyre, Malawi?  
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3) What factors are associated with reduced bone mineral density among people living with 

HIV and receiving antiretroviral therapy in Blantyre, Malawi? 

4) What are the physical activity levels of people living with HIV and receiving antireroviral 

therapy in Blantyre, Malawi? 

5) Does  maximal strength exercise training increase bone mineral density among people living 

with HIV and receiving antiretroviral therapy in Blantyre, Malawi? 

 

1.2 Study aim and objectives 

1.2.1 Overall aim 

The overall aim of this thesis work was to investigate the prevalence of reduced BMD with its 

associated factors and the role of exercise in increasing bone mineral density among people 

living with HIV and receiving antiretroviral therapy in Blantyre, Malawi. 

1.2.2. Specific objectives 

The specific study objectives are presented in the form of papers, published or submited for 

publication. 

Paper I:  

The aim of paper I was to highlight literature gaps in the strategies used to manage reduced bone 

mineral density resulting from antiretroviral therapies. Furthermore the paper aimed to highlight 

adherence problems of pharmacological therapies used to manage reduced bone mineral density 

among people living with HIVand focus on exercise as an alternative or adjuvant strategy. 

Paper II: 

The aim of paper II was to invesitigate the prevalence of low bone mineral density among people 

living with HIV and receiving antiretroviral therapy in Blantyre, Malawi. Furthermore, it aimed 
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at determining factors associated with reduced BMD and the association between femoral neck 

and lumbar spine bone mineral density among the participants. 

 

Paper III: 

The aim of paper III was to determine levels of physical activity among people living with HIV 

and receiving ART in Blantyre Malawi. In addition, the paper also aimed at identifying the 

contribution of gender in the levels of physical activity among people living with HIV in 

Malawi. 

Paper IV: 

The aim of paper IV was to investigate the effects of progressive resistance exercises on bone 

mineral density in people living with HIV and receiving antiretroviral therapy in Blantyre, 

Malawi. The paper also aimed at determining the effects of progressive resistance exercises on 

maximum oxygen uptake and muscle strength in the participants. The paper speicifically focused 

on maximal strength training as a form of progressive resistance exercise that can be used in 

increasing BMD among people living with HIV.  

 

1.2.3 Structure of the thesis 

The thesis is based on the following published papers: 

I. Chisati EM, Constantinou D, Lampiao F. Management of Reduced Bone Mineral 

Density in HIV: Pharmacological Challenges and the Role of Exercise. Front Physiol. 

2018; 9:1074. https://www.frontiersin.org/article/10.3389/fphys.2018.01074. 

II. Chisati, EM, Constantinou D, Lampiao F. Reduced bone mineral density among HIV 

infected patients on anti-retroviral therapy in Blantyre, Malawi: Prevalence and 

https://www.frontiersin.org/article/10.3389/fphys.2018.01074
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associated factors. PLOS ONE. 2020; 15(1): 1–12: e0227893. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227893   

III. Chisati EM, Munthali F, Constantinou D, Lampiao F. Physical activity levels among 

Malawian adults living with HIV and receiving anti-retroviral therapy. Malawi Med J. 

2020;32(March):8–12.  ttps://www.ajol.info/index.php/mmj/article/view/194902  

IV. Chisati EM, Constantinou D, Lampiao F. Effects of maximal strength training on bone 

mineral density in people living with HIV and reciving antiretroviral therapy: a pilot 

study. BMC Sports Sci Med Rehabil. 2020;12(67):1 – 7. https://doi.org/10.1186/s13102-

020-00216-6  

The thesis is divided into eight sections focussing on different areas of the research project. 

These sections are introduction, literature review, materials and methods, summary of results, 

discussion, conclusion, recommendations and published original papers.  

The first section which is the introduction provides a concise background to the research problem 

and its potential impact on public health. A brief discussion on the research gap is also provided 

in this section. The section also highlights the objective of the research project followed by the 

research questions. The section concludes with a description of the main aim of the study and 

specific objectives for the thesis work.  

After the introduction, the following section is the literature review. This section highlights the 

knowledge gaps in strategies used in the management of reduced bone mineral density. The 

sections begin by demonstrating the research gap and goes on to provide concepts and a concept 

map. Furthermore, this section provides a review of data on the prevalence of bone mineral 

density resulting from ART among people living with HIV, challenges of pharmacological 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227893
https://doi.org/10.1186/s13102-020-00216-6
https://doi.org/10.1186/s13102-020-00216-6
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therapies used in treating reduced bone mineral density as well as the role of exercise in 

managing reduced bone mineral density. 

Methods and materials is the third section to be presented in this thesis. This section will provide 

a discussion of the methods that were used to collect data for the research project. Information on 

study population, data collection, ethical considerations, study design and data variables will be 

presented under this section. In addition, the section will also present information on how data 

was analysed using statistical methods. 

Following the methods and materials section is the summary of results section. An overview of 

the research findings will be provided based on the published papers. A summary of most results 

will be presented in form of tables and figures. 

Section five will present a discussion of the results of the research project. This section provides 

an interpretation of the results also based on the research findings as presented in section four. A 

summary of the study limitations will also be provided in this section. 

After the discussion section, a conclusion will be presented. The conclusion will provide a 

summary of the main findings of the research project. The conclusion will also guide the choice 

of recommendations and directions for future investigations. 

Section seven will provide study implications and recommendations based on the research 

findings. This section will provide directions for future investigations based on the conclusion. 

Information on acknowledgements will follow the recommendations section. 

The last section of the thesis is an index of all published and submitted papers. All published and 

submitted papers emanating from the research project are attached in this section. 
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2. LITERATURE REVIEW 

2.1 Introduction 

Despite high prevalence rates, strategies to manage reduce bone mineral density in people living 

with HIV have not been fully explored. Low bone mineral density (BMD) is becoming more 

common among people living with HIV (PLWHIV) following the use of current antiretroviral 

therapy (ART) drugs such as tenofovir (TDF)(1,29–32). Although pharmacological therapies 

used to treat low BMD(21,22,33) are associated with adverse effects(21–23) and may increase 

the pill burden in PLWHIV who are already burdened by ART, non-pharmacological strategies 

to prevent and treat reduced bone mineral density resulting from ART in PLWHIV have not been 

fully explored. Despite evidence that exercise is effective in increasing BMD(6,7), effects of 

exercise on low bone mineral density resulting from ART in HIV infected individuals are still 

unknown. 

This literature review chapter will highlight knowledge gaps in strategies to manage bone loss 

resulting from ART. The review will focus on concepts and conceptual map, the prevalence of 

bone mineral density resulting from ART, strategies used in treating reduced bone mineral 

density, effects of exercises on bone mineral density, progressive resistance exercises and bone 

mineral density in HIV and methodological issues among studies investigating the effects of 

exercise in increasing bone mineral density. Concepts such as physiology of the bone, 

assessment of bone mineral density and exercise will be described. Evidence on the prevalence 

of reduced bone mineral density resulting from ART among people living with HIV in resource 

rich and resource limited settings will be presented. The review will also assess the effects of 

both pharmacological and non-pharmacological therapies in treating reduced bone mineral 

density with emphasis on people living with HIV and receiving ART. An assessment of the types 
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and designs of exercises that impact bone mineral density increases will as well be discussed. In 

addition, effects of progressive resistance exercise on bone mineral density in people living with 

HIV and receiving ART will be discussed. Further the review will highlight main 

methodological issues among studies investigating the effects of exercise in increasing bone 

mineral density. 

From April to September 2017, online databases such as EMBASE, Google Scholar, MEDLINE, 

PubMed, Scopus and The Cochrane Library were searched with no period restriction using key 

words: bone mineral density, antiretroviral therapy, exercise, people living with HIV and 

progressive resistance exercise. Published articles with potentially relevant titles and abstracts 

were retrieved. Articles were included in the review if they were investigating (i) the prevalence 

of low bone mineral density in people living with HIV and receiving ART or (ii) examining 

strategies that are used to treat reduced bone mineral density or (iii) investigating the effects of 

exercise on bone mineral density.  A total of 143 articles met the inclusion criteria and were 

included in the review.  

2.2 Research gap 

Prevalence of low bone mineral density in people living with HIV and receiving ART especially 

in resource limited settings is not extensively studied. Data on bone mineral density among HIV 

infected individuals on ART in resource limited settings are currently scanty and subject to 

methodological concerns such as lack of appropriate control groups, and local BMD reference 

data(1,11,34).  For example, a  review by Matovu et al on bone health in resource limited 

settings, reveal that most studies investigating bone loss in HIV infected individuals on ART did 

not use local noninfected controls for comparison but instead used the United States National 

Health and Nutrition Examination Survey reference data for comparisons(1). In addition, data 
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were not adjusted for differences in body composition and size(35,36). Although data from 

resource limited settings and resource rich settings show varying and overlapping prevalence of 

low BMD in people living with HIV on ART(1), a generally higher prevalence rate of reduced 

bone mineral density was observed in resource limited settings with some studies reporting 

prevalence of up to 85%(37). Despite the introduction of  ART treatment regimens containing 

tenofovir in the resource limited setting of Malawi in 2011(16), data on the prevalence of low 

bone mineral density in people living with HIV and receiving  ART is lacking. 

The wide spread use of tenofovir among people living with HIV receiving ART coupled with 

high burden of HIV(38) makes reduced BMD inevitable.  McComsey and colleagues compared 

the effects of tenofovir versus other ART regimens on bone mass in a population of 269 people 

living with HIV. They observed greater decreases in spine and hip bone mineral density in 

participants treated with tenofovir(13) than those treated with other regimens. Although tenofovir 

has been shown to significantly contribute to loss of bone mass(22) most first line ART 

treatment regimens for adults and children above 15 years recommended by World Health 

Organisation (WHO) in resource limited settings, contain tenofovir(14,15). However, unlike in 

rich resource settings where medications such as efavirenz are no longer preferred, and 

alternatives to tenofovir with less bone toxicity are likely to be more frequently used, strategies 

to minimize bone loss among people living with HIV on ART in resource limited settings are 

currently lacking(1).  

Effective strategies to prevent and treat reduced bone mineral density in PLWHIV and receiving 

ART remains an area that lacks direction. Pharmacological strategies to manage reduced BMD 

resulting from ART include medications such as bisphosphonates, teriparatide and denosumab as 

well as providing vitamin D and calcium supplements(21). However these pharmacological 
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therapies(21,22,33) are associated with adverse effects such as tumors, infection, 

nasopharyngitis, osteosarcoma as well as bronchitis(21–23) which limit their recommendation 

for use in HIV infected individuals(22). In addition, the current cost of treating bone loss using 

pharmacological therapies such as bisphosphonates is prohibitive(1). Further, pharmacological 

therapies may increase the pill burden in people living with HIV who are already burdened by 

ART.  Physical activities such as jogging, walking, dancing and weight lifting are also 

recommended as non-pharmacological strategies for preventing and treating bone loss(39), but 

the effectiveness of physical activity in increasing bone mass resulting from ART in people 

living with HIV has not been fully elucidated. 

Although there is growing evidence that physical activity and exercise increases bone mineral 

density in both adult men and women(6,7,40), effects of exercise on loss of bone mass resulting 

from antiretroviral drugs in PLWHIV must still be investigated(41). Exercise programmes differ 

in terms of frequency, intensity, duration and type. Among many studies, there is heterogeneity 

in the type, intensity, frequency and duration of exercise interventions to increase bone mineral 

density(42) with most trials conducted in either women or adult men(6,39,43) despite evidence 

of increases in bone loss among young men as well(44).  Although reduced bone mineral density 

is common among PLWHIV following the use of  antiretroviral drugs such as tenofovir (1,31) 

knowledge on effects of progressive resistance exercises on bone mineral density in this patient 

group is still lacking(41,45).  

In order to approach this question, we first need to examine the concepts underlying bone 

mineral density. Methods used to assess bone mineral density will also be described under the 

concepts section. In addition, the concepts section will outline possible beneficial role of exercise 

on bone physiology. 



15 
 

2.3 Concepts and concept map 

2.3.1 Physiology of bone mineral density 

Bone is a connective tissue in which the matrix is made up of collagen fibres and minerals. 

Collagen is a protein that provides the bone’s flexible framework(46). The minerals, also called 

bone mineral density or bone mineral content, gives the bone its strength and hardness. Collagen 

allow bones to bend in order to withstand stress while bone mineral density give bones strength 

to support the body’s other tissues(46). Bone mineral density in the matrix contributes to the 

support and protection functions of the skeleton. As such, bone mineral density is a surrogate for 

bone strength and is used to predict fracture risk in an individual. Reduced bone mineral density 

is characterised by osteopaenia and osteoporosis and can predispose an individual to future fall 

related fractures. 

Bone grows through modeling (construction) and remodeling (reconstruction) processes(46,47). 

The modeling process involves bone cells called osteoblasts that perform bone formation by 

laying down new bone(46). On the other hand, remodeling is a continuous process which 

involves bone resorption. In resorption, bone cells called osteoclasts are attracted to areas 

needing repair and move in to remove damaged bone(46,48) thus little bone tissues are added 

along one surface and a little reabsorbed along another surface (figure 1). The remodeling 

process occurs throughout one’s life. It is estimated that 5 – 7% of bone mass is remodeled every 

week and approximately half gram of calcium is formed or reabsorbed by the adult skeleton 

every day(47). Any imbalances between modeling and remodeling lead to reduced load bearing 

capacity as well as loss of bone mineral density which in turn increase the risk for fractures(46). 

Therefore, increased bone mineral density may reduce the incidence of fractures. 
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Figure 1: Bone modeling and remodeling. (Source; Ross MH and Pawlina W, 2011(49)). RC = 

Zone of reserve cartilage; PC = Zone of proliferating cartilage; HC = Zone of hypertrophic 

cartilage; HC = Zone of calcified matrix; R = Zone of resorption. 

 

Bone mass formation (modeling) is normally more than reabsorption (remodeling) with 

increasing age and peaks between ages 25 and 30: there after bone mass starts to decrease 

leading to lower bone mineral density(48). The purpose of bone modeling and remodeling is to 

establish peak bone mass so as to maintain bone strength in adulthood(48). During childhood, a 

period referred to as growth spurt, bone mineral density accumulates with the bone growing both 

in size and strength(50). After the growth spurt, usually during the pre and post adolescent 

period, bone formation continues until a peak bone mass is reached between ages 25 to 30. The 

age of attainment of peak bone mineral density is site specific with gains of about 5 – 12% in 

bone mineral density observed after 30 yrs old in other individuals(51). After the third decade, 
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bone mineral density is maintained for about 10 years before it starts to decline at a rate of about 

0.3 – 0.5% per year in both males and females(50,52).  At ages between 45 years to 55 years, 

women loose more bone mineral than men after which the rate of bone loss is gradual and the 

same in both sexes (figure 2). A rapid loss of bone mineral density in women between ages 45 

years to 55 years is possibly due to decreases in oestrogen production as the menstrual cycle 

ceases during this period(50).  

Although bone remodeling is a normal and natural process, some factors are thought to disrupt 

the remodeling process(50) and thereby reduce or increase bone mineral density than envisaged. 

Factors such as; physical inactivity, low body weight, nutritional deficiencies especially of 

calcium and vitamin D,  depression, smoking, heavy alcohol use and more recently some 

antiretroviral drugs(1,29) are associated with reduced bone mineral density. Although some 

factors such as sex and body size are difficult to modify, physical activity can be changed to 

stimulate greater accumulation of peak bone mass(50). Since bone modeling and remodeling 

depends, in part, on mechanical stress, bone strength is enhanced or reduced in response to 

increased or reduced mechanical loading.  Hence an individual’s physical activity life style can 

play a role in either increasing or reducing bone mineral density. 
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Figure 2: Normal bone mass growth. (Source; Chisati E, Constantinou D and Lampiao F, 

2018(53)) 

2.3.2 Assessment of bone mineral density 

Bone mass is assessed non-invasively by measuring bone mineral density usually with an aim of 

diagnosing osteoporosis or predicting an individual’s risk for fracture. Common techniques used 

for measuring bone mineral density include quantitative computed tomography (QCT), 

quantitative ultrasound (QUS), and dual energy X-ray absorptiometry (DEXA)(50,54).  These 

techniques are generally based on either differential absorption of the ionizing radiation (QCT, 

DEXA) or modification of sound waves (QUS)(54) Although they may all be appropriate for 

use, each technique pose limitations for use in clinical practice as discussed below. 

Quantitative computed tomography is a bone imaging technique that provides three-dimensional 

measures of the bone(50). As opposed to other bone measuring techniques, QCT has the ability 
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to measure the true volumetric density of the bone expressed in grams per cubic centimeter 

(gm/cm3)(55). In addition, QCT can independently measure specific compartments such as 

trabecular and cortical bone in the lumbar spine separately(50). However, apart from long 

scanning time, QCT has a higher radiation dose compared to other techniques such as 

DEXA(50). Further, QCT permits less precision as it requires skill to interpret results(50). This 

makes the use of QCT in clinical practice difficult. As such, it is recommended that quantitative 

computed tomography be used in conjunction with DEXA for better prediction of osteoporosis 

and fracture risk(50). 

In contrast to QCT and DEXA techniques that use radiation, Quantitative ultrasound uses sound 

waves to determine bone mineral density. QUS is based on the notion that the rate of sound 

waves passing through the bone depends on the structural characteristic of the bone(55). Hence 

modification of the sound waves is influenced by bone mineral density. Although it is less 

expensive, portable and has no radiation hazards, QUS requires a trained technician to interpret 

the results obtained(50). In addition, QUS has poorer precision than DEXA since measurements 

of bone mineral density appear to decrease with age(55). Since there are many QUS devices with 

variations in technology, measurement site, data acquisition etc, there is currently no consensus 

on how results from various QUS devices should be interpreted in order to diagnose low bone 

mineral density(55). This limits the use of QUS as a reliable tool for measuring bone mineral 

density in clinical practice. 

Dual energy X-ray absorptiometry is globally accepted as a standard technique for measuring 

bone mineral density(50,54–56). On top of having a low radiation dose, DEXA yields a high 

precision and enables fast scanning(50,55). In addition, DEXA has the capability to evaluate 

body composition(55), which makes its use desirable from the clinical point of view. Despite 
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being considered the gold standard for measuring bone mineral density, DEXA is influenced by 

bone size(50). Thus, the larger the bone, the greater the bone mineral density irrespective of 

volume. Nonetheless, interpretation of low bone mineral density by World health Organisation 

(WHO) uses DEXA T - scores which is not possible with QCT and QUS measurements(56).  

Further, DEXA T- score must be used as a reference standard to compare and validate other bone 

mineral modalities obtained with other imaging tools(50). This makes DEXA a method of 

preference for determining reduced bone mineral density. 

2.3.3 Exercise 

The term exercise is mostly used interchangeably with physical activity. Despite having common 

elements, exercise is not synonymous with physical activity. Physical activity refers to any 

bodily movements produced by muscles that expend energy more than the resting metabolic 

rate(57). On the other hand, exercise is a sub class of physical activity which involves planned, 

structured and repetitive activities aimed at improving or maintaining one or more components 

of physical fitness(57). Physical fitness entails the ability of the body to meet the demands of the 

environment. As is the case with delivery forms, and frequencies when prescribing medications, 

a degree of precision should be applied when prescribing exercise(58).  

Prescription of exercise as a dose centres around modifying the design of an exercise. An 

exercise design is comprised of frequency, intensity, duration and type of the exercise. 

Frequency entails how often an individual engages in an exercise(58,59). Frequency of an 

exercise is usually indicated by how many times or days per week an individual engages in the 

exercise. Intensity refers to the levels of exertion an individual experience during an exercise or 

how hard the exercise is(58,59). The effect of an exercise to induce physiological adaptations in 

an individual primarily depends on the intensity of the exercise(60). Duration refers to the time 
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taken for an exercise session to be completed(59).  Duration entails how long an exercise session 

will take and it partly depends on the intensity and the goal of the exercise. Type of exercise also 

referred to as exercise mode is the activity performed during the exercise session such as cycling, 

jogging, walking and swimming(59). 

Any mode of exercise can either be aerobic exercise or resistance exercise. Aerobic exercises are 

those that focus on improving the aerobic energy system. Activities such as cycling, jogging, 

walking running and swimming are aerobic type of exercises. On the other hand, resistance 

exercises focus on improving the musculoskeletal system and the nervous system. Activities 

such as weight lifting comprise resistance type of exercises. Both aerobic and resistance 

exercises have been recognised as therapy for most chronic conditions(61). Exercise among 

people living with HIV has been associated with benefits such as increases in strength, 

improvements in body composition improvements in cardiovascular fitness and physical function 

as well as psychological status(41,59,62–64). However, with recent reports of increasing bone 

loss among people living with HIV due to ART drugs(1,31), the impact of exercise on bone 

mineral density has not been fully promoted. 

2.3.4 Concept map 

The concept map (figure 3) shows the three main phases of the study aimed at determining the 

effects of exercise on bone mineral density among people living with HIV and receiving ART in 

Blantyre Malawi. The first phase involved identifying the problem which is low bone mineral 

density in PLWHIV in Malawi through a cross sectional study. This phase involved determining 

the prevalence of low bone mass and its associated factors in PLWHIV in Malawi. In order to 

generate valid and reliable data regarding prevalence of low bone mineral density in Malawian 

individuals living with HIV and receiving ART, methodological challenges common among 
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many studies such as lack of adjustments to body composition(1) were addressed. The first phase 

also explored the justification for choosing non-pharmacological strategies as a possible solution 

to the problem compared to pharmacological strategies. Some challenges with using 

pharmacological strategies to treat low bone mineral density in individuals living with HIV and 

receiving ART include the side effects of the drugs used, expensiveness of the drugs especially 

in resource limited settings like Malawi and the pill burden since PLWHIV are already burdened 

by antiretroviral drugs.  

The second phase involved the formulation of a possible solution to the problem. This phase 

identified exercise, which is a non-pharmacological strategy for treating low BMD, as the main 

intervention that was proposed in the study. Exercise is a behavioural change intervention. 

Behavioural change interventions are defined as coordinated sets of activities designed to change 

the pattern of a specific behaviour(65). It is well known that adherence to the recommended 

exercise was key to the success of the intervention. Therefore, an exercise intervention was 

developed on a thorough understanding of barriers and facilitators for adhering to exercise 

regimens. The choice of the exercise to be used in this study was based on the COM – B model 

which is a well-established framework for adherence(65).   

The third phase shows execution of the selected intervention. This is the phase in which a 

randomised control trial was conducted. The type of the exercise intervention selected was 

maximal strength training exercise. Maximal strength training is a type of progressive resistance 

exercise. The choice of the maximal strength training exercise design was considered following 

the medical research council principles for developing and evaluating complex interventions(66–

68). Effects of maximal strength training exercise on BMD in other populations have been 

reported(6,43), but its effects on bone mineral density in PLWHIV have not been explored.  
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Figure 3: Concept map 
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2.4 Bone mineral density in HIV 

2.4.1 Bone mineral density and ART 

Antiretroviral therapy has brought a significant increase in the survival of HIV patients 

worldwide. Despite benefits of increased survival, ART has been shown to significantly 

contribute to loss of bone mass(1,29,31). Consequently, medical comorbidities such as 

osteoporosis and fragility fractures resulting from low bone mineral density are on the rise(3). 

Emerging evidence indicate that HIV infection is strongly associated with a fivefold increased 

risk for hip fractures independent of age, gender and comorbidities(69). This could increase the 

risk for mortality and morbidity in people living with HIV. Initiation of antiretroviral therapy has 

been shown to increase bone loss in people living with HIV irrespective of regimen(1). Reports 

show a decrease of about 2 – 6%  in bone mineral density in the first two years of ART initiation 

regardless of the regimen(70).  

While decreases in bone mineral density occur at initiation of ART irrespective of regimen, more 

bone loss is associated with tenofovir containing regimens than other regimens(1,4,12,13). 

Tenofovir leads to approximately 1 – 3% greater bone mineral loss compared to non tenofovir 

containing regimens(4). McComsey and colleagues(13) compared the effects of tenofovir versus 

other ART regimens on bone mass in PLWHIV. They observed greater decreases in spine and 

hip BMD in participants treated with tenofovir than those treated with other regimens (13). This 

could suggest that tenofovir has an independent effect on bone regardless of host, viral and 

immunological factors. Despite evidence that tenofovir significantly contribute to loss of bone 

mass(1,4,12,13), most first line ART treatment regimens recommended by World Health 

Organisation (WHO) in resource limited settings, contain tenofovir. (14,15). This makes reduced 

bone mineral density highly likely among people living with HIV in most resource limited 
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settings yet strategies to minimize bone loss in PLWHIV in these settings are currently 

lacking(1). 

Although ART contributes to bone loss in people living with HIV, other factors may play a role 

as well. Traditional factors such as physical inactivity, lower body mass index, female sex, older 

age, nutritional deficiencies of calcium and vitamin D, depression, smoking and alcohol use are 

believed to contribute to loss of bone mass in the general population(3). While there is a 

controversy on traditional risk factors contributing to reduced bone mineral density in 

PLWHIV(71), other authors have demonstrated that risk factors for reduced bone mineral 

density in HIV are similar to other populations(72). Other reports indicate that poverty may also 

contribute to low bone mineral density(73) suggesting that PLWHIV in resource limited settings 

could be at a higher risk for loss of bone mineral mass. 

Evidence is emerging that HIV severity also contributes to reduced bone mineral density in HIV 

infected individuals receiving ART(74–76). A study by Grant et al demonstrated that with ART 

initiation, HIV infected individuals with a low DC4 cell count (< 50 cells/mm3) had greater bone 

loss than those with a higher CD4 cell count (> 500 cells/mm3)(77). This indicates that chronic 

inflammation induced by HIV may impact bone metabolism. Although mechanisms leading to 

bone loss resulting from ART are unclear, current data suggests that higher levels of C-C 

chemokine receptor 5 (CCR5) may affect the functional regulation of osteoclasts thereby leading 

to bone loss(78). However, despite regional increases in HIV inflammation(79,80), data on 

prevalence of bone mineral density from limited resource settings of sub Saharan Africa is still 

scarce.  
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2.4.2 Prevalence of low bone mineral density in HIV 

Available data on prevalence of low BMD among people living with HIV from resource limited 

settings is not consistent and subject to methodological concerns. Studies investigating reduced 

bone mineral density among PLWHIV reveal variations in the prevalence of low BMD.  Alonge 

and colleagues(11), used a cross sectional study to determine the prevalence of low bone mineral 

density in 1005 HIV positive males and females in Nigeria. They reported a prevalence of about 

47% of low BMD among Nigerians living with HIV. In contrast, a cross sectional study by 

Dravid et al(34), reported a higher prevalence rate of 67% among 536 HIV infected individuals 

in the resource limited settings of India. Varying levels of between 47% to 85% in the prevalence 

of reduced BMD in people living with HIV from resource limited settings have also been 

reported(11,29,34,35). The disparity in the prevalence of low bone mineral density could be due 

to methodological variations among the studies. The study by Alonge et al lacked an appropriate 

control group and did not use local bone mineral density reference data for comparison(11). 

Dravid et al(34) demonstrated a higher prevalence rate in BMD although their study also lacked 

a control group and local reference data. However, variations could as well be a result of 

differences in sample size between the two studies. Alonge and colleagues used a larger sample 

of 1005 people living with HIV compared to 536 people living with HIV in the study by Dravid 

et al. Despite evidence that body composition and male gender affect BMD(81), there was no 

adjustment for differences in body composition and size in both studies. Therefore, cross 

sectional investigations on prevalence of bone mineral density among PLWHIV in limited 

resource settings should consider using local non-infected controls for comparison and adjusting 

for differences in body composition and size. 
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The prevalence of low BMD among people living with HIV is generally higher in resource 

limited settings compared to resource rich settings. Higher prevalence rates of up to 85% in low 

bone mineral density among PLWHIV in resource limited settings have been reported by a 

number of studies(11,29,34,35,81,82).  Differences in prevalence rates between resource limited 

and resource rich settings could be due to differences in risk factors causing low BMD among 

people living with HIV. Although most of the risk factors are similar in resource limited and 

resource rich settings(72), some risk factors such as malnutrition, low body mass index and 

longer duration since the diagnosis of HIV are more common among PLWHIV in resource 

limited settings(1).  These factors along with the wide spread use of tenofovir among HIV 

infected individuals on ART in resource limited settings(14,15,38) makes high prevalence rates 

of reduced bone mineral density unavoidable. Despite the advent of the current ARV regimen in 

2011(16), data on the prevalence of low BMD in Malawians living with HIV and receiving ART 

is still scarce.  

2.5 Treatment of reduced bone mineral density  

2.5.1 Pharmacological therapies 

Treatment of reduced bone mineral density remains an area of controversy. Pharmacological 

strategies to manage bone loss resulting from antiretroviral therapy include providing vitamin D 

and calcium supplements as well as pharmacological therapies such as Bisphosphonates, 

Teriparatide and Denosumab(21).  This section will discuss limitations of pharmacological 

therapies in treating reduced bone mineral density in people living with HIV. 

Although vitamin D deficiency has been implicated in the pathogenesis of bone loss in people 

living with HIV(22), there are no clear recommendations for vitamin D and calcium supplements 

to treat low bone mineral density in this population(83). A study by Dao reported a 70.3% 
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vitamin D deficiency in a cohort of 672 HIV infected participants(84). Factors such as African 

American race and exposure to ART drugs were found to be associated with increased risk to 

vitamin D deficiency(84). This could suggest that vitamin D deficiencies could be higher among 

the African American race and moreover it is in Africa where the use of ART is becoming 

common as a result of high prevalence rates of HIV. A review by Harris recommends higher 

doses of vitamin D in people living with HIV exhibiting bone loss to maintain targeted levels of 

bone mass(22). However, due to their small effect on fracture risk reduction, vitamin D and 

calcium supplements are best used as additional therapies with other osteoporotic drugs(33) and 

their sole use is not advised. 

Among osteoporotic drug treatments, beneficial effects of Denosumab in managing reduced bone 

mineral density in people living with HIV are not clear(21). Denosumab is a long acting 

monoclonal antibody that blocks bone resorption(21). Denosumab decreases osteoclastogenesis 

and is recommended for use in persons with a history of osteoporotic fractures or those who are 

intolerant to other osteoporotic therapies(22). However, long term use of denosumab in treating 

bone loss leads to atypical fractures(24). Although seemingly effective, use of Denosumab brings 

adverse effects such as, tumors, infection, nasopharyngitis, back pain, bronchitis and 

arthralgia(22,23). These adverse effects are of particular concern to people living with HIV 

considering that they are already at an increased risk for infection.  

Although available in resource limited settings and could be an alternative to denosumab for 

treating bone loss, bisphosphonates have a number of side effects which are a cause of concern 

in people living with HIV. Bisphosphonates, available as alendronate, ibandronate, risedronate, 

and zoledronic acid are said to decrease fracture risks in some parts of the body by between 25% 

– 50% in the general populations(85–88). However, despite improvements in bone mineral 
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density among HIV infected individuals following use of alendronate and zoledronic acid, side 

effects such as difficulty swallowing, esophageal inflammation, dyspepsia, and gastric ulcer are 

also observed(22). In addition, bisphosphonates induce atypical femoral fractures and may not be 

used for more than 5 years(17,21). This raises concerns of the long term effects of using 

bisphosphonates for managing reduced bone mineral density in HIV infected individuals who are 

currently living longer as a result of ART. 

While teriparatide is recommended in individuals where bisphosphates have failed, its 

recommendation for use to treat bone loss in people living with HIV is still controversial. Some 

reports indicate that teriparatide has a rare risk for osteosarcoma(21) which may limit its 

recommendation for use in HIV infected individuals. Additionally, a review by Harris and 

Brown concluded that data on safety and efficacy of teriparatide in people living with HIV is 

lacking and requires further investigation(22).  

Apart from the many challenges associated with pharmacological therapies in treating bone loss 

in HIV infected individuals, compliance and adherence issues have also been associated with 

pharmacological therapies(18). A retrospective study by Fan and colleagues which assessed the 

level of compliance with drugs prescribed for bone loss for seven years concluded that most 

patients do not continue to take the medication as prescribed(19). It has also been observed that 

half of patients treated with bisphosphates discontinue with treatment after 4 months(19,20). 

Since pharmacological therapies are associated with a number of side effects and adherence 

problems which may limit their use among HIV infected individuals on ART(17–24), exercise 

based interventions could be an attractive alternative. 
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2.5.2 Non pharmacological therapies 

Guidelines for good bone health include physical activity and exercise as a major component in 

preventing bone loss(46,89–91). Physical activity has been suggested as a non-pharmacological 

strategy that can be used to increase bone mineral density even in people living with HIV(46,91). 

Among others, physical activities such as jogging, walking, dancing and weight lifting are shown 

to be beneficial in preventing and treating low bone mineral density(39). However, evidence that 

physical activity is related to higher bone mass is often inappropriately interpreted as evidence 

that any activity will improve bone mass(92). 

Contrary to reports that all physical activity could be important in increasing bone mineral 

density(90), weight bearing physical activities with high force, yield a notable increase in bone 

mineral density(39).  This could suggest that the type and intensity of the physical activity has an 

additive effect on bone density.  Although weight bearing physical activities are recommended to 

improve BMD, appropriate parameters for frequency, intensity, duration and type of physical 

activity to increase bone mineral density especially among HIV infected individuals have not 

been fully explored(40,89,93). 

2.6 Exercise and bone mineral density 

2.6.1 Type and design of exercises 

There is growing evidence that exercise increases bone mineral density(6,7,94,95). The effect of 

exercise on bone mineral density vary from – 0. 7 to 4%. However, not all types of exercises 

provide notable stimulus to bone(96,97). Aerobic exercises such as swimming, moderate 

intensity walking, cycling provide insignificant improvement to bone mineral density(98–100). 

Simply prescribing these exercises in isolation is insufficient to optimise bone health. Bone 

responds positively to impact activities and high intensity progressive resistance training 
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(92,101). For example, a Cochrane review(39) on the effects of exercise on bone mineral density 

in postmenopausal women reported that exercises such as jumping, jogging or dancing results in 

a between group difference in favour of exercise at the hip (1.55%) but not at the lumbar spine (– 

1.22%). Similarly, exercises such as moderate intensity walking showed between group 

improvement with exercise at the lumbar spine (0.85%) but not at the femoral neck (– 

1.20%)(39). Yet progressive resistance exercises resulted in significant between group 

differences in favour of exercise at both the femoral neck (1.03%) and lumbar spine (0.86%)(39). 

Results from this review suggest that progressive resistance exercises may be effective in 

increasing bone mineral density. 

Although progressive resistance exercises have been shown to increase bone mass in the general 

population(6,7,43,44,61,94,95,102–117), there is heterogeneity in the type, intensity, frequency 

and duration of exercise interventions to increase bone mineral density among many studies(42).  

In a longitudinal randomised trial, Allison et al(103) investigated the influence of 12 months 

high impact exercises on bone mineral density in 50 men. Results of the study reveal an increase 

of about 1.2% in bone mineral density. Similarly, Bailey et al(104)  demonstrated a significant 

increase in BMD after 6 months of exercise in 65 women compared to 20 non-exercising 

women.  However, in both studies, there was an increase in dropout rates with increasing number 

of exercise days indicating that long exercise durations could lead to exercise adherence 

problems.  

2.6.2 Adherence to exercises 

Adherence to the recommended exercise regimen is key to the success of any exercise 

intervention. The World Health Organisation defines adherence as “the extent to which a 

person’s behaviour – taking medication, following a diet, and/or executing lifestyle changes – 
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corresponds with agreed recommendations from health care provider”(118). In exercise, 

adherence refers to complying with an exercise design for a specified period of time. It involves 

maintaining the frequency, intensity, duration and type of a given or prescribed exercise. There 

are reports that adherence to exercise falls below the desirable level(119,120) including among 

people living with HIV(121). Poor adherence is manifested through high dropout rates due to 

less information provided to participants on frequency, intensity and duration of the 

exercise(122), lack of supervision by qualified professional(119,123,124), lack of time(125,126) 

and long exercise durations(127). Despite these challenges, exercise yield higher adherence rates 

compared to pharmacological therapies in treating low bone mineral density(127). 

Among the different types of exercise interventions, compliance is higher with progressive 

resistance exercises than aerobic exercises(128) with an adherence rate of over 80% in 

randomised controlled trials(129). Reports also indicate that facility based exercises with shorter 

durations(127) such as maximal strength exercises(6,43) have increased adherence. In addition, 

adherence is increased in exercise programmes that are individualised and supervised by 

qualified professionals(119,123,124). It is important therefore to design shorter, supervised, 

individualised and facility based progressive resistant exercise programmes targeting BMD in 

order to increase adherence.  

2.7 Progressive resistance exercises and bone mineral density in HIV 

Although the benefits of progressive resistance exercise such as improvements in strength, 

cardiovascular fitness and body composition in people living with HIV(62), effects of such 

exercises on bone mineral density in this population are not fully evaluated(41). Only one study 

by Santos et al investigating effects of progressive resistance exercise on BMD in PLWHIV was 

identified from the literature(130). In this study, Santos et al, demonstrated that a shorter exercise 
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duration of 12 weeks was appropriate to impact significant bone increases in 20 individuals 

living with HIV. The effectiveness of a 12 weeks’ exercise duration to improve BMD is 

supported by evidence from studies by Mosti et al, who demonstrated the effects of a 12 weeks 

progressive resistance exercises in increasing BMD in young women and postmenopausal 

women(6,43). This evidence indicate that shorter exercise durations could as well impact bone 

metabolism, thereby minimising exercise adherence problems. 

However, the study by Santos et al has some methodological shortcomings. The exercise design 

used by Santos et al, lacked other basic elements of an appropriate exercise programme to elicit 

improvements(131). The trial neither used non HIV infected controls nor local reference data for 

BMD for comparison. The Borg Scale used as a measure of exercise intensity in the study is may 

be biased since it is a subjective measure of exercise intensity. In addition, different types of 

exercises were used raising concerns of which of the exercises had a greater impact on bone 

mineral density. Progressive resistance exercises have been proven to be safe and beneficial in 

improving metabolic outcomes among PLWHIV(41,63,132,133). However, there is still lack of 

knowledge on the optimal mode of frequency, duration and intensity of progressive resistance 

exercise on BMD in people living with HIV(59,132) which requires investigation.  

2.8 Methodological issues 

Progressive resistance exercises have been shown to increase bone mineral density in the general 

population(6,7,43,44,61,94,95,102–117). However, among many studies, there is heterogeneity 

in the methods used to determine the effects of exercise on bone mineral 

density(6,7,43,44,61,94,95,102–117) with most trials conducted in either women or adult 

men(6,43,107). This section will discuss research designs such as randomised parallel 
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interventions, randomised control trial, non randomised experimental and cross sectional that 

have been used in most studies(94,103,109,111,130). 

2.8.1 Randomised trials 

Most randomised studies evaluating the effects of exercise on bone mineral density are 

characterised by a high rate of participants’ dropout. Hinton et al(109) used a 12 months 

randomised parallel intervention to examine the effects of either resistance training or jump 

training on BMD in 75 healthy men aged between 25 to 60 years. However, the study design by 

Hinton and colleagues lacked other appropriate features of a well-designed randomised 

trial(134,135). Although results showed a significant increase in BMD in both groups the study 

design did not include a control group to account for unknown confounders. Out of 75 eligible 

participants only 58 participated in the intervention with only 36 participants completing the 12 

months’ period assigned for the intervention representing a 37% dropout rate.  

Longer periods of exercise interventions have been implicated as leading to high dropout rates 

among many exercise studies(122,127). Apart from long exercise periods, factors such as less 

information provided to participants on frequency, intensity and duration of the exercise(122), 

lack of supervision by qualified professionals(119,123,124) and lack of time(125,126) also lead 

to poor adherence among studies examining effects of exercise on BMD. Some evidence indicate 

that adherence to exercise is lower than desired(119,120) even among people living with 

HIV(121). To effectively examine the effects of exercise on bone mineral density in PLWHIV, it 

is important to adopt appropriate research designs that minimize dropout rate and include a 

control group. 

Inappropriate use of control group also affects the interpretation of accrued effects of exercise on 

bone mineral density. Allison et al(103) used a longitudinal randomised trial to investigate the 
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influence of a 12 months high impact unilateral exercise intervention on femoral neck BMD in 

healthy older men aged between 65 to 80 years. Unilateral exercises are defined as exercises that 

use one limb or body part at a time(104). In the unilateral exercise intervention, Allison and 

colleagues did not include a control group but used the non-exercising limb as a control. 

Although unilateral exercise designs are thought to minimize group confounders arising from 

individual differences and lifestyle modifications(104,136), the control limb may be affected by 

cross over effects of the exercise which may underestimate the actual effects of the intervention. 

Some evidence show that both unilateral and bilateral exercise are equally effective(137,138) 

with bilateral exercises even better among some patient groups(139). Since balance and stability 

is essential for exercise, bilateral exercises allow for more stability compared to unilateral 

exercises and could be appropriate for patient groups such as people living with HIV.  

2.8.2 Cross sectional studies 

Lack of an appropriate control group, small sample size and high dropout rates have been 

observed in most cross sectional studies investigating effects of resistance exercises on bone 

mineral density. Ryan and colleagues(94) determined the effects of 6 months whole-body 

resistive training on total and regional BMD in 17 younger men and women aged between 20 to 

29 years old as well as in 20 older men and women aged 65 to 74 years old. Their results reveal 

an increase in femoral BMD after 6 months of resistance training. However, this study did not 

use age matched controls for comparison despite evidence that body composition and gender 

affect BMD(81). In addition, the study used a small sample size which limits appropriate 

generalization of the results. There was also a high dropout rate in the study partly due to lack of 

exercise supervision and long exercise period of 6 months. Evidence from other studies indicate 

that unsupervised exercises and long exercise periods lead to higher dropout rates(119,123–127). 
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2.8.3 Non randomised trials 

Basic elements of an appropriate exercise design have been overlooked in most studies 

examining the effects of exercise on bone mineral density. Santos et al(130) used a non 

randomised experimental trial to evaluate the impact of strength training on BMD in individuals 

living with HIV in Brazil. To determine changes in BMD, Santos and colleagues used 12 weeks 

of strength training in 4 women and 16 men with reduced bone mineral density. The study 

demonstrated that a short period of 12 weeks may be enough to impact BMD increases in 

PLWHIV which could reduce adherence problem observed from longer exercise durations.  

However, the trial neither used non HIV infected controls nor local reference data for BMD for 

comparison.  Although the study show increases in BMD using strength training, the exercise 

design used lacked other basic elements of an appropriate exercise programme as recommended 

by Slade et al(131).  For example, the Borg Scale of Perceived Exertion, which is a subjective 

measure of exercise intensity, was used raising issues of biasness. In addition, different types of 

exercises were used raising concerns of which of the exercises had a greater impact on bone 

mineral density. 

2.8.4 Randomised controlled trials 

Appropriately designed randomised controlled studies with basic elements of an exercise design 

may be effective in determining the effects of exercise on BMD. Kemmler et al(111) was able to 

demonstrate that an appropriately designed randomised controlled trial to evaluate the effects of 

exercise on BMD can improve adherence and compliance among participants. Kemmler and 

colleagues monitored bone mineral density in 67 early postmenopausal women for 16 

years(111). Their study included a control group with a clear description of exercise type, 

duration, frequency and intensity. Despite high adherence rate to exercise observed in this study, 
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the long exercise (duration) with freedom for the participants to join any arm of the study may 

reduce the evidence level of the trial. Although some increases in BMD were observed among 

participants in the exercising group, it might be difficult to detect confounders on observed BMD 

changes due to the long period of the exercise.  

Since adherence to the recommended exercise is key to the success of the exercise intervention, 

it is important to develop exercise designs that minimize dropout and maximize compliance. 

Compliance shows to be higher with progressive resistance exercises than aerobic 

exercises(128). In addition, progressive resistance randomised controlled trials have a higher rate 

of adherence of over 80%(129). Facility based exercises with shorter durations(127) such as 

maximal strength exercises(6,43) have been shown to increase exercise adherence. Additionally, 

individualised exercise programmes that are supervised by qualified professionals increase 

adherence(119,123,124). It is also recommended that studies investigating effects of exercise 

should clearly describe the type, intensity, frequency and duration of the exercise design 

used(59,131). Therefore, the proposed study will adopt a randomised controlled trial to 

determine the effects of exercise on BMD in PLWHIV. A supervised, individualised and facility 

based maximal strength training exercise programme targeting BMD in people living with HIV 

was used. The exercise was executed three times per week for 12 weeks using 4 sets of 3–5 

repetitions at an intensity of 85–90% of an individual’s one repetition maximum (1 RM).  

2.9 Conclusion 

Most pharmacological strategies used to treat bone loss are associated with a number of adverse 

effects which limit their recommendation for use in PLWHIV. In addition, compliance and 

adherence issues associated with pharmacological strategies in treating bone loss may limit their 

use among PLWHIV who are already burdened by ART.  Exercise based interventions such as 
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progressive resistance exercises seem to be an attractive safe and effective alternative strategy 

that could be used to manage bone loss resulting from ART in PLWHIV. Although progressive 

resistance exercises are effective in increasing BMD, there is lack of knowledge on the optimal 

frequency, intensity and duration of the exercise to impact bone which need further 

investigations. In addition, effects of progressive resistance exercises in increasing BMD in 

PLWHIV have not been fully investigated. Only one study examining the effects of progressive 

resistance exercise in increasing BMD among PLWHIV and receiving ART was identified from 

the literature. Future studies investigating the effects of progressive resistance exercises in 

increasing BMD in PLWHIV should adopt trial designs with clear descriptions of exercise 

frequency, intensity and duration.  

3. METHODS 

This section will present methods that were used to collect data for the study. The section 

provides information on study setting, study design, study population, data collection, data 

variables and ethical considerations. In addition, the section presents information on how data 

was analysed using statistical methods.  

3.1 Study design 

This was a cross sectional study and randomised controlled trial involving Malawian adults 

living with HIV and receiving ART from different healthcare facilities in Blantyre, Malawi.  
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3.2 Cross sectional study 

3.2.1 Study setting 

This study was conducted at three primary health care facilities (Limbe Health Center, Gateway 

Health Center and Dream Center) and one tertiary health care facility (Queen Elizabeth Central 

Hospital, QECH) located within Blantyre city, Malawi. The health facilities are located in four 

different townships of Limbe, Mandala, Chinyonga and Ginnery Corner in Blantyre (one health 

facility per township). Limbe Health Center, Gateway Health Center and QECH are public 

health facilities that run daily ART clinics for PLWHIV from the surrounding areas. Dream 

Center on the other hand, is a private health care facility that runs ART clinics three days of the 

week. All four health care facilities provide ART medication refill for PLWHIV on an out-

patient basis. Each day the three public health facilities provide ART refills to approximately 50 

PLWHIV, whereas Dream Center serves approximately 25 patients. All four health care facilities 

have medical consultants supported by nurses who provide ART services to the patients.  

3.2.2 Study population 

The study involved 282 male and female adults aged 18 years to 45 years and receiving ART at 

the four health facilities.  A random sample of four from a list of 10 health facilities in Blantyre 

city was selected using the RANDBETWEEN function in Microsoft Excel 2016.  Using 

consecutive sampling, a proportional sample was obtained from each facility. Data were 

collected from February, 2018 to March, 2019. 

Patients were invited to participate and after signing informed consent, were included if they 

were receiving tenofovir based ART regimens for at least 12 months. Participants who had been 

on ART for at least 12 months were selected as reductions in BMD are more pronounced after 
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one year(70). Those with a history of diabetes mellitus or impaired glucose tolerance, an active 

acute opportunistic infection, rheumatoid arthritis, severe diarrhoea, tuberculosis within one 

month of commencing treatment, glucocorticoid therapy within the past six months, currently 

pregnant, breast feeding women, contraception medication use or known to be in renal failure, 

were excluded because such conditions contribute to reduced BMD(81) (Figure 4).  
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Figure 4: Study flow diagram for the cross section study 
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3.2.3 Data collection and tools 

3.2.3 (i) Demographic data 

Trained health workers obtained socio-demographic data from the recruited participants. Data on 

participants’ information on smoking (yes/no), alcohol consumption (yes/no), calcium diet 

measured as milk intake more than once per week (yes/no) and traditional medication use 

(yes/no) was obtained using a data collection form. Data on age (years), ART duration and 

regimen were obtained from participants’ clinical records.  

3.2.3 (ii) Height and body weight 

Body weight (kg) and height (cm) measurements were obtained using a Stadiometer (HS – 

DBS00361, Model: 1127154) following manufacturer guidelines. Body mass index (BMI) for 

each participant was calculated by dividing weight measurement by the square of the height 

measurement in meters (m2).  

3.2.3 (iii) Physical Activity 

The International Physical Activity Questionnaire (IPAQ) (Appendix) was used to collect data 

on PA levels of the participants. The IPAQ comprised questions on frequency, intensity and 

duration of PA that participants do as part of their everyday life in the previous 7 days. Questions 

such as “During the last 7 days, on how many days did you do vigorous physical activities like 

heavy lifting, digging, gardening, aerobics, or fast bicycling?”; “How much time did you usually 

spend doing vigorous physical activities on one of those days?”; “During the last 7 days, on how 

many days did you do moderate physical activities like carrying light loads, bicycling at a regular 

pace, or participating in light sporting events?”; “How much time did you usually spend doing 

moderate physical activities on one of those days?” etc were asked. To ensure that the questions 
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in the local language (Chichewa) were conceptually equivalent with the English questions in the 

IPAQ, forward and backward translation was performed by independent translators. The IPAQ 

was proven to be a valid and reliable tool for measuring PA among adults aged 18 – 65 years in 

diverse settings(140).  

Variable minutes spent on doing PA were recorded. The minutes were calculated into metabolic 

equivalents (METs). METs are defined as multiples of the resting metabolic rate (1 𝑀𝐸𝑇 =

3.5𝑚𝑙 𝑂2  𝑘𝑔−1 𝑚𝑖𝑛−1) and MET-minutes were calculated by multiplying the MET score of an 

activity (an equivalence of kilocalories for a 60 kg person) by the minutes performed(141).  

Participants were categorized into low, moderate and high PA levels. Low level PA comprised 

participants having the lowest PA and did not meet the criteria for moderate or high PA levels. 

Moderate PA level comprised participants who did 3 or more days of vigorous PA for at least 20 

minutes per day. Similarly, participants who performed 5 or more days of walking or moderate 

intensity PA for at least 30 minutes per day, fell into the moderate PA level category. High PA 

level comprised participants who performed at least 3 days of vigorous intensity PA 

accumulating at least 1500 MET minutes per week. Similarly, participants who performed 7 or 

more days of any combination of vigorous PA, moderate intensity PA or walking achieving a 

total of at least 3000 MET minutes per week, fell into the high PA level category. 

3.2.3 (iv) Bone Mineral Density 

All BMD measurements were performed at QECH. Femoral neck and lumbar spine bone mineral 

density was measured using DEXA [Hologic Discovery-Wi (S/N 84668), software version 

13.5.3.2:5, Hologic Bedford Inc., Bedford, MA, USA]. Femoral neck BMD was measured at the 

left hip. Measurements of unilateral femoral neck BMD minimizes radiation exposure associated 
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with radiography, time, as well as medical costs(142). Lumbar spine BMD was measured from 

the first to the fourth lumbar spines.  

Z-scores were obtained as an outcome measure of BMD. The World Health Organisation (WHO) 

recommends the use of Z-scores (defined as an individuals’ BMD in comparison to age-matched 

normal individuals) in reporting BMD for premenopausal women or men less than 50 years of 

age, and children(143). A Z-score of −2.0 or lower is defined as low BMD for chronological age 

or below the expected range for age whereas a Z-score above −2.0 is within the expected range 

for age(89,144,145). Participants were categorised as having low BMD if the femoral neck or 

total lumbar spine Z-score was – 2 or less. 

3.3 Randomised Controlled Trial 

3.3.1 Study setting 

The randomised controlled study was conducted at the College of Medicine Sports Complex in 

Blantyre city, Malawi. The Sports Complex houses a gym equipped with a variety of exercise 

training equipment and accommodates a maximum of about 20 participants per given time. It 

operates daily from 8.00am to 10.00pm. Different people within Blantyre city patronize the 

facility to engage in different exercise either for health or sports performance.  

3.3.2 Study Population 

Participants were recruited from Queen Elizabeth Central Hospital (QECH) in Blantyre Malawi 

where all BMD measurements were performed. Male and female adults aged 18 – 45 years living 

with HIV and receiving ART who had reduced BMD were included in the randomised controlled 

study. Participants with contraindications to exercise (such as serious cardiorespiratory, 
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neurological or orthopaedic conditions which would limit participation to the exercise regimen) 

were excluded.  

3.3.3 Exercise Protocol 

Participants were randomly allocated to either an exercise training group (TG) or control group 

(CG) (Figure 5). Participants in the TG followed a MST programme for 12 weeks comprising 

three sessions each week with a total of 36 sessions under the supervision of a qualified 

physiotherapist. The participants were instructed not to add any leisure exercises that included 

high impact jumping and lifting heavy loads during the study period. The MST sessions 

consisted of squat exercises performed on a hack squat machine (Model HLS2000) using the 

lower extremities. Before the main exercise session, participants performed a warm-up 

comprising two sets of 8 to 12 repetitions at approximately 50% of the participant’s training 

load. The warm up was followed by the main exercise consisting of four sets of 3 to 5 repetitions 

at 85 to 90% of one repetition maximum (1RM). A break of 2 to 3 minutes was allowed between 

the sets. Execution of the exercise started from a straight legs position, down to a 90o angle in the 

knee joint and up again. Participants’ 1RM was re-evaluated every week to guide progression of 

the intensity of the exercise. Participants in the CG were instructed to keep living their usual 

lifestyle during the study period. 

For effective supervision, each participant was scheduled his or her own time for the exercise. 

The physiotherapist who was supervising the exercise regimen was blinded from knowing that 

the participants were in a study and the purpose of the study to obtain reliable results. 
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Figure 5: Study flow diagram for the randomised controlled trial 
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3.3.4 Data collection and equipment 

Data was collected from June, 2018 to March, 2019. Variables of BMD (𝑔. 𝑐𝑚−2), maximal 

strength, maximal oxygen uptake (VO2max), heart rate, weight, height and body mass index 

(BMI) were obtained and recorded on a data collection form before and after the exercise 

programme in the TG and the CG to determine effects of the exercise. 

3.3.4 (i) Bone mineral density 

Femoral neck and lumbar spine BMD (𝑔. 𝑐𝑚−2) was measured using dual-energy X-ray 

absorptiometry (DXA) as indicated in section 3.2. 3 (iv). 

3.3.4 (ii) Maximal strength 

Maximal strength, obtained as 1RM was measured on the squat machine as described under the 

exercise protocol section. To determine 1 RM, several lifts were executed with an increasing 

load of 5 kg for each lift until the highest load lifted was reached.  

3.3.4 (iii) Maximum oxygen uptake 

Maximum oxygen uptake (VO2max) was predicted from the Rockport one mile submaximal 

test(146).  The Rockport one mile test procedure was described elsewhere(147). 

3.3.4 (iv) Height and body 

Data on height and body weight was collected as indicated in section 3.2.3 (ii) 

3.3.4 (v) Heart rate 

A heart rate monitor (Polar FT4, Model C317T21559445) was used to obtain heart rate 

measurements before and after each exercise session. 
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3.4 Data analysis 

Data were analysed using IBM Statistical Package for the Social Sciences (SPSS) version 21. 

Descriptive statistics using mean and standard deviation (SD) were used to characterize age, 

height, weight and BMI variables. Descriptive statistics revealed that data for continuous 

variables were normally distributed. Student T – tests were used to analyse the differences 

between lumbar spine and femoral neck BMD as well as to analyse BMD differences between 

and within the groups. Chi – Square was used to test associations between categorical variables 

and BMD. Simple linear regression was used to analyse correlations between lumbar BMD and 

femoral neck BMD. A logistic regression model was fitted to assess effects of PA, smoking, 

alcohol, calcium diet and traditional medicine on low BMD. Variables for inclusion into the 

multivariable models were selected based on biological plausibility and those variables with 

p≤0.20 at bivariable level were taken for multivariable analysis. Odds ratios (OR) were obtained 

to quantify the probability of having low BMD. All statistical tests were two - sided and p values 

of ≤ 0.05 were considered statistically significant. 

3.5 Ethical considerations 

As participants came for refilling their ART medication, they were requested to attend a health 

talk regarding the purpose of the study and requesting their participation. This health talk was 

conducted by the researchers and the health workers at the clinic. After having their ART refill, 

willing participants were directed into a separate room where the aim and objectives of the study 

were again explained and screening for eligibility was done. Consent was obtained from eligible 

and willing participants. All ethical procedures were followed and privacy and confidentiality 

were ensured by allocating codes to the participants. The study was approved by the University 



49 
 

of Malawi’s College of Medicine Research and Ethics Committee (COMREC) registration 

number P.06/17/2206. The randomised controlled study was registered with the Pan African 

Clinical Trial Registry on 22nd December, 2017 with identification number: 

PACTR201712002889203. 

4. SUMMARY OF RESULTS 

4.1 Paper I 

This is a review paper that highlights literature gaps in strategies used to manage reduced BMD 

among PLWHIV and receiving ART (first publication). In this paper, evidence that most 

pharmacological therapies used to manage reduced BMD in PLWHIV are associated with side 

effects which limit their recommendation for use among PLWHIV and receiving ART is 

presented. The paper also reveal compliance and adherence problems associated with 

pharmacological therapies used to treat reduced BMD among PLWHIV. Despite evidence that 

progressive resistance exercises are effective in increasing BMD. The review highlights lack of 

knowledge on the optimal frequency, intensity and duration of resistance exercises for increasing 

BMD.  

4.2 Paper II 

In this paper, the investigated prevalence of reduced BMD among 282 PLWHIV and ART from 

within Blantyre, Malawi is presented. The factors associated with reduced BMD among 

PLWHIV and receiving ART was also analysed (second publication) and an overview of the 

main results is presented in Tables 1 and 2.  
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Table 1: Characteristics of participants in terms of age, height, weight, BMI and BMD 

  

Total 

n = 282 

 

Male 

n = 102 

 

Female 

n = 180 

 

P 

Value 

Age (yrs) 37 ± 6.4 37 ± 6.5 37 ± 6.2 0.49 

Weight (kg) 60 ± 11.2 61 ± 10.2 60 ± 12.1 0.84 

Height (cm) 160 ± 0.1 165 ± 0.1 158 ± 0.1 < 0.001* 

BMI (kg/m2) 23 ± 4.5 22 ± 3.3 24 ± 4.9 < 0.001* 

ART duration (yrs) 5.3±3.5 5.2±3.6 5.4±3.4 0.72 

BMD within 

expected range for 

age [𝑛(%)] 

 

227 (80) 

 

73 (72) 

 

154 (86) 

 

BMD below 

expected range for 

age [𝑛(%)] 

 

55 (20) 

 

29 (28) 

 

26 (14) 

0.04≠ 

Data are in mean ± SD; BMI = body mass index;* = statistically significant; ≠ = Chi-square test 
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Table 2: Factors associated with low BMD (PA, Calcium, Smoking, Alcohol and Traditional 

medicine) 

  
 

      

Factor Adjusted OR 95% CI P value 

     PA level 

   

 

High 1(ref) 

  

 

Moderate 0.87 0.41 – 1.85  0.72 

 

Low 1.23 0.57 – 2.67 0.6 

     Calcium 

   

 

Yes 1(ref) 

  

 

No 0.38 0.19 – 0.74 0.004 

     Smoking 

   

 

No 1(ref) 

  

 

Yes 0.57 0.13 – 2.56 0.47 

     Alcohol 

   

 

No 1(ref) 

  

 

Yes 0.88 0.33 – 2.34 0.8 

     Traditional Medicine 

   

 

No 1(ref) 

  

 

Yes 0.38 0.11 – 1.36 0.14 

(ref) = reference variable 

 

4.3 Paper III 

In this paper, PA levels of 213 adult PLWHIV and receiving ART aged 18 to 45 years in 

Blantyre, Malawi were determined (third publication) and an overview of the main results are 

presented in Figures 6 and 7. 



52 
 

 

Figure 6: Physical activity (PA) levels of all participants stratified by PA categories. 
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Figure 7: Physical activity (PA) levels of all participants stratified by gender. 

 

4.4 Paper IV 

In this paper, the effects of maximal strength training on reduced BMD among 26 PLWHIV and 

receiving ART in Blantyre, Malawi were analysed (fourth manuscript). An overview of the main 

results is provided in Table 3.   
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Table 3: Changes in physiological parameters before and after exercise intervention 

  

TG (n = 14) 

  

CG (n = 10) 

 

  

Pre-training 

 

Post-training 

 

Pre-training 

 

Post-training 

 

Femoral neck BMD (𝑔. 𝑐𝑚−2) 

 

0.770 ± 0.109 

 

0.778 ± 0.102 

 

0.772 ± 0.092 

 

0.786 ± 0.098 

Lumbar spine BMD (𝑔. 𝑐𝑚−2) 0.771 ± 0.074 0.804 ± 0.060* 0.774 ± 0.066 0.780 ± 0.068 

1 RM (kg) 106.79 ±31.4 222.14 ± 43.2* 110.70 ± 34.8 123.00 ± 33.2 

VO2max (𝑚𝑙. 𝑘𝑔−1𝑚𝑖𝑛−1) 45.83 ± 9.7 48.40 ±9.6 40.30 ± 13.1 40.12 ± 9.8 

Heart rate (bpm) 87.00 ±16.4 78.86 ± 11.2* 74.30 ± 13.7  76.20 ± 10.3 

Data are presented as mean ± SD, TG = Training group, CG = Control group, bpm = beats per 

minute, * Significant difference p<0.05. 

5. DISCUSSION 

This thesis presents the prevalence of reduced BMD as well as factors associated with reduced 

BMD in people living with HIV and receiving ART in Blantyre, Malawi. The evidence is based 

on analyses of results from a cross sectional study involving PLWHIV in Blantyre, Malawi. This 

section also presents evidence on the effects of strength exercises on BMD among people living 

with HIV. The evidence is based on analyses of a randomised controlled trial of adult Malawians 
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living with HIV and receiving ART in Blantyre, Malawi. This section will present a discussion 

of the results of the cross sectional study investigating prevalence and associated factors of 

reduced BMD in PLWHIV and the randomised controlled trial exploring the effects of MST on 

BMD in PLWHIV.  

5.1 Prevalence and associated factors of reduced bone mineral density 

Findings of the cross sectional investigation reveal a high prevalence of reduced BMD among 

PLWHIV and receiving ART in Malawi.  Findings also show that low PA level is associated 

with reduced BMD. Although higher prevalence rates in reduced BMD among PLWHIV have 

been reported by some studies(11,29,34,148), a slightly lower prevalence in reduced BMD 

similar to findings of this study was reported by Cardeal et al (2017) among PLWHIV in 

Brazil(149). Lower prevalence rates in reduced BMD revealed by the current findings could be 

attributed to the younger age group of study participants which ranged from 18 years to 45 years 

with an average age of 37 years. Contrary to current findings, studies reporting higher prevalence 

in reduced BMD among PLWHIV and receiving ART recruited participants older than 45 years 

whose BMD may have more decreases. The normal bone growth trajectory show that bone mass 

increases with age and reaches its peak between ages 25 and 30 years after which bone mass 

starts to decrease (48). Normal decreases in bone mass range from 0.3 to 0.5% for a decade after 

the age of 30 years in both females and (50,52). However, there are more decreases in BMD 

between ages 45 to 55 due to effects of menopause and thereafter reduction in BMD is gradual 

and similar to the bone decreases among males (52). Hence a lower prevalence in reduced BMD 

revealed in the current findings may be explained by expected bone strength associated with the 

young age of the participants. 
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Contrary to bone physiology which indicate that males have stronger bones than females due to 

the body’s response to hormonal changes and variations in skeletal muscles mass (150,151), 

current results show that more males had reduced BMD than females despite having similar body 

weights. Most of the reductions were observed at the lumbar spine. Although a study by 

Erlandson et al (2018) has reported reductions in BMD twice as quickly among women living 

with HIV compared to men living with HIV, their study included female participants who were 

in menopause thus having more BMD decreases compared to males(152). Evidence on bone 

physiology reveal that noticeable reductions in BMD among women after menopause is 

attributed to pronounced decreases in in oestrogen (150). Findings from our study are not in line 

with those of Erlandson et al, since none of the female participants was in menopause. 

Pronounced reductions in BMD at the lumbar spine in the current study could be attributed to 

physical activities of most Malawian female adults. Most females in Malawi carry heavy loads 

on their heads as opposed to males which may likely impact the lumbar spine leading to more 

bone mass in the lumbar spine. Sexual activities could also have an impact on lumbar bone mass 

in females as most Malawian cultures encourage females to wriggle their waist during sex which 

may lead to stronger lumbar bones. 

In line with other studies (153,154) the current study reveals a positive and significant 

correlation between femoral neck and lumbar BMD. This suggests that femoral neck BMD may 

predict femoral neck BMD among Malawians living with HIV and receiving ART. 

Results from the current study show greater decreases in lumbar BMD compared to femoral neck 

BMD. This is contrary to some investigations among PLWHIV that have reported greater 

decreases in femoral BMD compared to lumbar BMD (36,148,152). This is likely since studies 

reporting more bone mass loss in the femoral neck than the lumbar spine were conducted among 
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the western populations whose PA lifestyles are diferent from those of sub Saharan Africa 

populations. Bone strength also depends on mechanical loading, hence PA lifestyle of an 

individual of an individual may either increase or reduce BMD(50). In the current study, more 

reductions in bone strength in the lumbar spine could be explained by the PA of Malawians such 

as long distance walking to work places (155) which loads mostly the femoral neck thereby 

increasing its bone mass. 

Results of the current study also reveal a likely occurence of bone loss among participants with 

low levels of PA. This likelihood is supported by evidence which demonstrates that low PA level 

has a negative impact on BMD(40). In addition, PA is recommended as an important componemt 

in the guidelines for good bone health among PLWHIV (91). In line with this recommendation, 

significant improvements in BMD among 20 PLWHIV were demonstrated by Santo et al (2015) 

after participants participated in strength exercise for 12 weeks(130). This idicates that PA plays 

a role in increasing BMD among PLWHIV. Findings from the current study supports evidence 

that promotes consideration of PA as an intervention for increasing reduced BMD in PLWHIV.  

Being the first in Malawi, the current study adds to the body of knowledge on prevalence of 

reduced BMD among PLWHIV in resource limited settings. The study also provides valuable 

information on factors affecting bone health among Malawian adults living with HIV and 

receiving ART. However, due to lack of BMD data on large age related healthy African cohorts 

that could be used for reference, the study used the United States National Health and Nutrition 

Examination Survey reference data for comparisons. This may influence interpretation of current 

BMD data within the sub Saharan Africa region. Therefore, future studies investigating BMD in 

Malawi should consider using local non-infected controls for comparison. 
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5.2 Physical activity levels of people living with HIV and receiving ART 

Results of the study on levels of PA among PLWHIV and receiving ART from Blantyre, Malawi 

are contrary to the WHO recommendations for PA (156). Guideline on PA by WHO recommend 

weekly aerobic PA of 75 minutes of vigorous intensity or 150 minutes of moderate intensity for 

adults of ages between 18–64 years (156). In addition to aerobic PA, WHO also recommends 2 

or more days of strengthening activities that work on all major muscle groups per week (156). 

Current findings reveal that a considerable proportion of PLWHIV that had low PA levels and 

fall below the WHO recommendations. Current findings are in agreement with many studies that 

have shown decreased PA levels among PLWHIV and receiving ART (157–161). Reduced 

levels of PA among PLWHIV and receiving ART have been attributed to opportunistic 

infections, depression and body pains by other authors (162). However, in the current study, 

PLWHIV and receiving ART with opportunistic infections were excluded. Therefore, low levels 

of PA revealed in the current study may have resulted from depression and body pain. It should 

be noted nonetheless that depression and body pains were not investigated in this study, hence 

the foregoing suggestion should be taken with caution. 

Aging has also been shown to lead to reduced levels of PA among PLWHIV and receiving ART 

(157). Nonetheless, the current study recruited young adults aged between 18 and 45 years 

suggesting that reduced levels of PA in the participants may not be attributed to aging. Our 

findings are in line with results from a study by Frantz et al who reported found lower levels of 

PA among most of the younger individuals aged between 15 to 4 years living with HIV and 

receiving ART in Rwanda (160). Lower levels of PA among a young population is cause of 

concern owing to the fact that PA levels tend to decrease as one is aging (163,164). In a society, 

young adults are a productive age group hence having reduced levels of PA negatively impacts 
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their participation in daily activities thereby lowering their economic contribution to the country 

and health benefits.  

Consistent with other studies (165–167), more male participants had high PA levels compared to 

female participants in the current study. Higher levels of PA among the male Malawian 

participants could be explained by the large percentage of males involved in agriculture 

operations and manual labour. Agricultural operations and manual labour demand considerable 

physical capacity which lead to high PA levels. In addition, most Malawian males walk long 

distances to work thereby increasing their PA levels. Further, a majority of Malawian males are 

employed in industries where their work involves among others pushing heavy levers which in 

turn impact their physical capacity as well.   

Contrary to findings by Frantz et al, who reported low PA levels in participants who were on 

ART for more than 4 years in Rwanda (160), the current study found similar proportions of 

participants with low PA levels who were on ART for 1 to 3 years and those on ART for over 3 

years. These opposing results could be attributed to differences in the age range of the 

participants in the two studies. Frantz et al, included participants who were aged between 18 to 

75 years in their study while the current study included participants who were in the age group 

between 18 to 45 years. Therefore, similar proportions of participants with low PA levels in the 

current study could be due to their young age since lower PA levels are shown to be associated 

with older age (162).  
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5.3 Effects of maximal strength training on bone mineral density in people 

living with HIV and receiving ART 

Results of the effects of maximal strength training on BMD reveal improvements in BMD 

among PLWHIV and receiving ART after 12 weeks of training. Notable improvements in 

muscle strength among the participants were also observed after 12 weeks of the intervention. 

Current findings are consistent with findings from a study by Santos et al (2015), who 

demonstrated that progressive exercise programmes performed for 12 weeks are appropriate in 

improving BMD among PLWHIV and receiving ART (168). Although some evidence indicate 

that all physical activity is appropriate in improving BMD (90), weight bearing physical 

activities that use high load yield notable improvements in BMD (39). The use of high load 

weight bearing exercise to improve BMD is supported by evidence which indicate that high 

mechanical loading stimulate bone response by acting on muscles and ground reaction forces 

which lead to osteogenic differentiation of mesenchymal stem cells to osteoblasts (169). High 

loads of weight bearing such as those used in MST are more likely to lead to an osteogenic 

response which triggers a higher mechanostat thresholds (170). Evidence from the current study 

suggests that MST promote improvements in BMD among PLWHIV on ART and could 

therefore be used to avert the risk for osteoporosis among this patient population.   

Concurrent with previous investigations (94,109,111), the current study has demonstrated 

significant increases in BMD after 12 weeks of MST. Such significant improvement could be 

attributed to the high intensity of load bearing and emphasis on progressive loading identical of 

MST. Re-evaluation of the training was done every week throughout the 12 weeks’ intervention 

period to ensure progressive loading. Progressive loading enhances mechanical stress in the 

bones and regulates remodeling via osteoblasts (169). Furthermore, reports indicate that exercise 
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interventions done for over three months lead to increased dropout rates (122,127) suggesting 

that shorter exercise durations may be effective. In the current study, adherence rate was 93% in 

the TG and 90% in the CG whereas there was 100% compliance rate in both the TG and CG with 

all participants reaching the study end line. Therefore, MST which uses a short exercise duration 

of 12 weeks could be an attractive and alternative management intervention for reduced BMD 

among PLWHIV. 

In line with previous findings (6,43), the current study has revealed significant increases in 

muscle strength after 12 weeks of  MST. As opposed to conventional ways of strength training 

that emphasies low loads and more receptions, MST uses high loads and few repetitions which 

focus on increased acceleration in the concentric phase which in turn leads to increased late of 

force development thereby increasing muscle strength (43). However, while significant 

improvements in strength were observed in the TG only in the study by Mosti et al (2013)(43), 

findings of the current study reveal significant improvements in strength in both the TG and CG 

as observed by increases in 1RM. Although both groups showed significant strength 

improvements, more improvements were exhibited by participants in the TG. Noteworthy 

increases in strength in the CG as well in the present study could be explained by occupational 

activities of most Malawian adults or other undetermined reasons which the current study may 

not have explored. A reasonable explanation to significant improvements in strength in both 

groups could be due to the period of data collection or other undetermined reasons.  Data for the 

study was collected between the months of June 2018 and March 2019 which is the farming 

period in Malawi. Most Malawians are involved in farming during the said data collection 

period. Hence farming activities such as land preparation, planting and harvesting demand a 

considerable physical capacity.  
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Concurrent with other studies(63), notable improvements in heart rate were observed in the 

current study. O’Brien et al (2008) reported a reduction in heart rate of – 13.2 bpm for 

participants in the TG in a meta-analysis of randomised controlled trials. The current study has 

revealed an almost similar reduction in heart rate (– 8.14 bpm) suggesting that MST has an 

impact on some cardiopulmonary parameters among PLWHIV.  

 

To the best of our knowledge, this is the first randomised controlled trial that has evaluated the 

effects of MST exercises with focus on BMD as the main outcome in PLWHIV. A supervised, 

individualised and facility based MST exercise programme targeting BMD with clear 

descriptions of exercise type, frequency, intensity and duration was adopted. This study provides 

preliminary data that allows potential for larger prospective studies on effective exercise 

strategies used to manage reduced BMD among PLWHIV. A limitation of the study was a 

relatively low sample size. However, based on results from previous studies(43,168), the number 

of participants in the current study was appropriate to determine effectiveness of a MST 

programme on bone and strength parameters as revealed in the findings. Another limitation of 

the study was the lack of a longer follow up after the three months’ intervention to determine 

how long the exercise benefits on BMD would last. Therefore, future studies should consider 

following up participants to assess whether the BMD increases obtained after the three months’ 

intervention are maintained.   
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6. CONCLUSIONS AND RECOMMENDATIONS 

Reduced BMD is prevalent among Malawian adults living with HIV and receiving ART in 

Blantyre, Malawi. Among those with reduced BMD, males have more bone loss than females 

with most of the bone loss observed at the lumbar spine. These results suggest that adult 

Malawian males living with HIV and receiving tenofovir based ART are at a higher risk for 

stress and osteoporotic fractures than females living with HIV and receiving tenofovir based 

ART. The occurrence of reduced BMD was more likely in those PLWHIV who had low PA 

level. A larger number of people living with HIV and receiving ART within Blantyre, Malawi 

have low PA levels. A similar proportion of PLWHIV to those with low PA levels is moderately 

physically active. Furthermore, a larger number of females living with HIV in Blantyre, Malawi 

have low PA levels compared to males. There is need therefore for health care providers to 

routinely monitor BMD and PA level of PLWHIV. 

A twelve-week exercise programme of MST improves BMD, muscle strength and some 

cardiorespiratory parameters measured by heart rate in PLWHIV on ART with reduced BMD in 

Blantyre, Malawi. Results from the current research project suggest that MST has the potential in 

treating reduced BMD among PLWHIV on ART. Therefore, MST seems to be a cost effective 

non pharmacological alternative therapy for the management of osteopaenia and osteoporosis 

among PLWHIV. Future studies should consider using a larger sample size and including a long 

following up for participants to assess whether the BMD increases obtained after MST are 

maintained.   
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Low bone mineral density is becoming more common among people living with HIV

following the use of current antiretroviral therapy drugs such as tenofovir. Although

pharmacological therapies used to treat low bone mineral density are associated with

adverse effects and may increase the pill burden in people living with HIV who are already

burdened by antiretroviral therapy drugs, non-pharmacological strategies to prevent and

treat reduced bone mineral density resulting from antiretroviral therapy drugs in people

living with HIV have not been fully explored. Despite evidence that exercise is effective in

increasing bone mineral density, effects of exercise on low bone mineral density resulting

from antiretroviral therapy drugs in HIV infected individuals are still unknown. This review

highlights gaps in the strategies used to manage reduced bone mineral density resulting

from antiretroviral therapy drugs and focuses on exercise as an alternative or adjunctive

strategy.

Keywords: bone mineral density (BMD), antiretroviral therapy (ART), people living with HIV (PLWHIV), exercise,

progressive resistance exercise (PRE), osteopenia, osteoporosis

INTRODUCTION

Despite benefits of increased survival, use of the current antiretroviral therapy (ART) drugs in HIV
patients are associated with reduced bone mineral density(BMD) (Purdy et al., 2008; Haskelberg
et al., 2012; Alonge et al., 2013; Dave et al., 2015; Escota et al., 2015; Chitu-Tisu et al., 2016;
Matovu et al., 2016; Mirembe et al., 2016). Reduced BMD is characterized by osteopaenia and
osteoporosis which predispose people living with HIV(PLWHIV) to future fall related fractures
thereby increasing the risk for morbidity and mortality. The prevalence of osteoporosis and
osteopenia in people living with HIV and receiving ART is estimated to be over three times
higher than that in HIV uninfected individuals (Brown and Qaqish, 2006). However, despite the
widespread use of ART drugs among people living with HIV (World Health Organisation, 2015a),
there is no consensus on effective strategies to manage reduced bonemineral density resulting from
ART (Matovu et al., 2016).

Effective strategies to prevent and treat reduced bone mineral density in PLWHIV and receiving
ART have no clear directions. Pharmacological strategies to manage reduced BMD resulting
from ART include medications such as bisphosphonates, teriparatide and denosumab as well as
providing vitamin D and calcium supplements (Ali et al., 2014). However these pharmacological
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therapies (Gallagher and Sai, 2010; Harris and Brown, 2012; Ali
et al., 2014) are associated with adverse effects such as tumors,
infection, nasopharyngitis, osteosarcoma as well as bronchitis
(Kendler et al., 2010; Harris and Brown, 2012; Ali et al., 2014)
which limit their recommendation for use in HIV infected
individuals (Harris and Brown, 2012). In addition, the current
cost of treating bone loss using pharmacological therapies such
as bisphosphonates is prohibitive (Matovu et al., 2016). Further,
pharmacological therapies may increase the pill burden in people
living with HIV who are already burdened by ART. Physical
activities such as jogging, walking, dancing and weight lifting
are also recommended as non-pharmacological strategies for
preventing and treating bone loss (Howe et al., 2011), but
the effectiveness of physical activity in increasing bone mass
resulting from ART in people living with HIV has not been fully
elucidated.

Although there is growing evidence that physical activity and
exercise increases bone mineral density in both adult men and
women (Ryan et al., 2004; Cheung and Giangregorio, 2012;
Mosti et al., 2014; Multanen et al., 2015), the effects of exercise
on loss of bone mass resulting from antiretroviral drugs in
PLWHIV remains unexplored (Grace et al., 2015). Exercise
programmes differ in terms of frequency, intensity, duration and
type. Among many studies, there is heterogeneity in the type,
intensity, frequency and duration of exercise interventions to
increase bone mineral density (Bolam et al., 2013) with most
trials conducted in either women or adult men (Howe et al., 2011;
Mosti et al., 2013, 2014) despite evidence of increases in bone loss
among young men as well (Watts et al., 2012). Although reduced
bone mineral density is common among PLWHIV following the
use of antiretroviral drugs (Purdy et al., 2008; Haskelberg et al.,
2012; Alonge et al., 2013; Dave et al., 2015; Escota et al., 2015;
Chitu-Tisu et al., 2016; Matovu et al., 2016; Mirembe et al., 2016)
knowledge on effects of exercises in increasing bone mineral
density in this patient group is still lacking.

This review will highlight knowledge gaps in strategies to
manage bone loss resulting from ART. The review will focus on
challenges of pharmacological strategies used in treating reduced
bone mineral density resulting from ART and the effects of
exercises in increasing bone mineral density.

METHODS

From April to September 2017, online databases such as
EMBASE, Google Scholar, MEDLINE, PubMed, Scopus and The
Cochrane Library were searched with no period restriction using
key words: bone mineral density, antiretroviral therapy, exercise,
people living with HIV and progressive resistance exercise.
Published articles with potentially relevant titles and abstracts
were retrieved. Articles were included in the review if they were
(i) investigating the prevalence of low bone mineral density
resulting from ART; (ii) examining strategies that are used to
treat reduced bone mineral density or (iii) investigating the
effects of exercise in increasing bone mineral density. A total of
109 articles met the inclusion criteria and were included in the
review. All included publications were reviewed in their entirety.

PHYSIOLOGY OF BONE MINERAL
DENSITY

Bone is a connective tissue in which the matrix is made up of
collagen fibers and minerals. Collagen is a protein that provides
the bone’s flexible framework (Sharp, 2011). The minerals
contribute to the bone mineral density or bone mineral content
and give the bone its strength and hardness. Collagen allows
bones to bend in order to withstand stress while bone mineral
density give bones strength to support the body’s other tissues
(Sharp, 2011). Bone mineral density in the matrix contributes to
the support and protection functions of the skeleton. As such,
bone mineral density is a surrogate for bone strength and is used
to predict fracture risk in an individual. Reduced bone mineral
density is characterized by osteopenia and osteoporosis and can
predispose an individual to future fall related fractures.

Bone grows through modeling and remodeling processes
(Creager, 1992; Harada and Rodan, 2003; Seeman and Delmas,
2006; Marieb and Hoehn, 2007; Pavy-Le Traon et al., 2007;
Guadalupe-Grau et al., 2009; Sharp, 2011; Kruger andNell, 2017).
The modeling process involves osteoblast cells that perform
bone formation by laying down new bone (Sharp, 2011). On
the other hand, remodeling is a continuous process which
involves bone resorption. In resorption osteoclasts are attracted
to areas needing repair and move in to remove damaged bone
(Seeman and Delmas, 2006; Sharp, 2011) thus some bone tissue
is added along one surface while reabsorption occurs at another
surface. The remodeling process occurs throughout one’s life. It is
estimated that 5–7% of bone mass is remodeled every week and
approximately 0.5 gram of calcium is deposited or reabsorbed
by the adult skeleton daily (Marieb and Hoehn, 2007). Any
imbalances between modeling and remodeling lead to reduced
load bearing capacity as well as loss of bonemineral density which
in turn increase the risk for fractures (Sharp, 2011). Therefore,
increased bone mineral density may reduce the incidence of
fractures.

Bone mass formation is normally in excess of reabsorption
with increasing age and peaks between ages 25 and 30 years,
and thereafter bone mass starts to decrease leading to lower
bone mineral density (Seeman and Delmas, 2006). Modeling and
remodeling processes during growth are aimed at establishing
peak bone mass so as to maintain bone strength in adulthood
(Seeman and Delmas, 2006). During childhood growth spurt,
bone mineral density accumulates with the bone growing both
in size and strength (Kruger and Nell, 2017). After the growth
spurt, usually during the pre- and post-adolescent period, bone
formation continues until a peak bone mass is reached between
ages 25 and 30 years. The age of attainment of peak bone
mineral density is site-specific with gains of about 5–12% in bone
mineral density observed after 30 years old in other individuals
(Lorentzon et al., 2005). After the third decade, bone mineral
density is maintained for about 10 years before it starts to
decline at a rate of about 0.3–0.5% per year in both males and
females (Baxter-Jones et al., 2011; Kruger and Nell, 2017). At
ages between 45 and 55 women lose more bone mineral than
men after which the rate of bone loss is gradual and the same
in both sexes (Figure 1). A rapid loss of bone mineral density in
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FIGURE 1 | Bone mass growth.

women between ages 45 and 55 years is possibly due to a decrease
in estrogen production as the menstrual cycle ceases during this
period (Kruger and Nell, 2017).

Although bone remodeling is a normal and natural process,
some factors are thought to disrupt the remodeling process
(Kruger and Nell, 2017) and thereby reduce or increase
the rate of bone mineral density. Factors such as; physical
inactivity, low body weight, nutritional deficiencies especially
of calcium and vitamin D, depression, smoking, heavy alcohol
use, corticoids and other medications, including more recently
some antiretroviral drugs (Purdy et al., 2008; Harris and Brown,
2012; Haskelberg et al., 2012; Alonge et al., 2013; Ameet et al.,
2014; Dave et al., 2015; Escota et al., 2015; Chitu-Tisu et al.,
2016; Matovu et al., 2016; Mirembe et al., 2016) are associated
with reduced bone mineral density. Although some factors are
not modifiable, physical activity can be changed to stimulate
greater accumulation of peak bone mass (Michelson et al., 1996;
Guadalupe-Grau et al., 2009; Welz et al., 2010; Pinto Neto et al.,
2011; Mdodo et al., 2015; Kruger and Nell, 2017). Since bone
modeling and remodeling depends, in part, on mechanical stress,
bone strength is enhanced or reduced in response to increased
or reduced mechanical loading. Hence an individual’s physical
activity lifestyle can play a role in either increasing or reducing
bone mineral density.

BONE MINERAL DENSITY AND ART

Despite benefits of increased survival, anti-retroviral therapy has
been shown to significantly contribute to loss of bone mass
(Purdy et al., 2008; Harris and Brown, 2012; Haskelberg et al.,
2012; Alonge et al., 2013; Ameet et al., 2014; Dave et al., 2015;
Escota et al., 2015; Chitu-Tisu et al., 2016; Matovu et al., 2016;
Mirembe et al., 2016). Consequently, medical comorbidities such
as osteoporosis and fragility fractures resulting from low bone
mineral density are on the rise (Battalora et al., 2014). Emerging

evidence indicates that HIV infection is strongly associated
with a fivefold increased risk for hip fractures independent
of age, gender and comorbidities (Güerri-Fernandez et al.,
2013). Güerri-Fernandez et al. reported an increased risk for
hip fractures (hazard ratio, 6.2) among HIV infected patients
compared to a non-HIV infected general population (Güerri-
Fernandez et al., 2013). This risk is higher compared to the
risk of lung cancer (hazard ratio, 3.6) and a combined risk of
cardiovascular and pulmonary diseases (odds ratio, 1.58) among
people living with HIV (Kirk et al., 2007; Schouten et al., 2014).
Therefore, the increased risk for hip fractures could consequently
increase the risk for mortality andmorbidity in people living with
HIV.

Initiation of antiretroviral therapy has been shown to increase
bone loss in people living with HIV irrespective of regimen
(Yin and Overton, 2011; Grant and Cotter, 2016). Reports
show a decrease of about 2–6% in bone mineral density in
the first two years of ART initiation regardless of the regimen
(Duvivier et al., 2009). Although mechanisms underlying bone
loss resulting from ART are unclear, it has been suggested
by Duvivier (Duvivier et al., 2009) and Borderi (Borderi and
Pierluigi, 2013) that HIV infection of osteoblasts may be related
to a negative balance of bone remodeling thereby leading to a
reduction in bone mineral density in people living with HIV
(Duvivier et al., 2009; Borderi and Pierluigi, 2013). Despite
suggestions that the likelihood of HIV infection of osteoblasts
is very low due to low expression of CD4 (Nachera et al., 2001;
Borderi et al., 2009), recent evidence suggests that higher levels
of C-C chemokine receptor 5 (CCR5) may affect the functional
regulation of osteoclasts thereby leading to bone loss (Lee et al.,
2017).

While decreases in bone mineral density occur at initiation of
ART irrespective of regimen, more bone loss is associated with
tenofovir-containing regimens than other regimens (McComsey
et al., 2011; Brown et al., 2015; Grant and Cotter, 2016; Matovu
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et al., 2016). Tenofovir leads to approximately 1–3% greater bone
mineral loss compared to non tenofovir-containing regimens
(Grant and Cotter, 2016). McComsey et al. (2011) compared the
effects of tenofovir vs. other ART regimens on bone mass in
PLWHIV. They observed greater decreases in spine and hip BMD
in participants treated with tenofovir than those treated with
other regimens (McComsey et al., 2011). This could suggest that
tenofovir has an independent effect on bone regardless of host,
viral and immunological factors. Despite evidence that tenofovir
significantly contributes to loss of bone mass (McComsey et al.,
2011; Brown et al., 2015; Grant and Cotter, 2016; Matovu et al.,
2016), most first line ART treatment regimens recommended by
World Health Organization (WHO) in resource-limited settings,
contain tenofovir (World Health Organisation, 2013, 2015b).
This makes reduced bone mineral density highly likely among
people living with HIV in most resource-limited settings yet
strategies to minimize bone loss in PLWHIV in these settings are
currently lacking (Matovu et al., 2016).

Although ART contributes to bone loss in people living with
HIV, other factors may play a role as well. Traditional factors
such as physical activity, lower body mass index, female sex,
older age, nutritional deficiencies of calcium and vitamin D,
depression, smoking and alcohol use are believed to contribute
to loss of bone mass in the general population (Michelson et al.,
1996; Guadalupe-Grau et al., 2009; Welz et al., 2010; Pinto Neto
et al., 2011; Mdodo et al., 2015). While there is a controversy
on traditional risk factors contributing to reduced bone mineral
density in PLWHIV(Michelson et al., 1996), other authors have
demonstrated that risk factors for reduced bone mineral density
in HIV are similar to other populations (Bonjoch et al., 2010).
Other reports indicate that poverty may also contribute to low
bone mineral density (Navarro et al., 2009) suggesting that
PLWHIV in resource-limited settings could be at a higher risk
for loss of bone mineral mass, often the setting of highest HIV
burden.

Evidence is emerging that HIV severity also contributes
to reduced bone mineral density in HIV infected individuals
receiving ART (Ofotokun et al., 2012, 2016; Battalora et al.,
2014). A study by Grant et al. demonstrated that with ART
initiation, HIV infected individuals with a low CD4 cell count
(<50 cells/mm3) had greater bone loss than those with a higher
CD4 cell count (>500 cells/mm3) (Grant et al., 2013). This
indicates that chronic inflammation induced by HIVmay impact
bone metabolism. However, despite regional increases in HIV
inflammation (Kaul et al., 2011, 2015), data on effective strategies
to manage bone loss in people living with HIV lack clear
guidelines.

MANAGEMENT OF BONE LOSS
RESULTING FROM ART

Pharmacological Therapies
Treatment strategies for reduced bone mineral density
resulting from anti-retroviral therapy have no clear directions.
Pharmacological strategies to manage bone loss resulting from
antiretroviral therapy include providing vitamin D and calcium

supplements as well as pharmacological therapies such as
Bisphosphonates, Teriparatide and Denosumab (Ali et al., 2014).
This section will discuss limitations of vitamin D and calcium
supplements as well as pharmacological therapies in treating
reduced bone mineral density in people living with HIV.

Although vitamin D deficiency has been implicated in the
pathogenesis of bone loss in people living with HIV (Harris
and Brown, 2012), there are no clear recommendations for
vitamin D and calcium supplements to treat low bone mineral
density in this population (Lima et al., 2011). A study by Dao
reported a 70.3% vitamin D deficiency in a cohort of 672 HIV
infected participants (Dao et al., 2011). Factors such as African
American race and exposure to ART drugs were found to be
associated with increased risk to vitamin D deficiency (Dao et al.,
2011). This could suggest that vitamin D deficiencies could be
higher among the Afro American race, moreover it is in Africa
where the use of ART is becoming common as a result of
high prevalence rates of HIV. A review by Harris and Brown
(2012) recommends higher doses of vitamin D in people living
with HIV exhibiting bone loss to maintain targeted levels of
bone mass (Harris and Brown, 2012). However, due to their
small effect on fracture risk reduction, vitamin D and calcium
supplements are best used as additional therapies with other
osteoporotic drugs (Gallagher and Sai, 2010) and their sole use
is not advised.

Among osteoporotic drug treatments, beneficial effects of
Denosumab inmanaging reduced bonemineral density in people
living with HIV are not clear (Ali et al., 2014). Denosumab is
a long acting monoclonal antibody that blocks bone resorption
(Ali et al., 2014). Denosumab decreases osteoclastogenesis
and is recommended for use in persons with a history of
osteoporotic fractures or those who are intolerant to other
osteoporotic therapies (Harris and Brown, 2012). However, long
term use of denosumab in treating bone loss leads to atypical
fractures (Sellmeyer, 2010). Although seemingly effective, use
of Denosumab brings adverse effects such as, tumors, infection,
nasopharyngitis, back pain, bronchitis and arthralgia (Kendler
et al., 2010; Harris and Brown, 2012). These adverse effects are
of particular concern to people living with HIV considering that
they are already at an increased risk for infection.

Although available in resource limited settings and could be an
alternative to denosumab for treating bone loss, bisphosphonates
have a number of side effects which are a cause of concern
in people living with HIV. Bisphosphonates, available as
alendronate, ibandronate, risedronate, and zoledronic acid are
said to decrease fracture risks in some parts of the body by
between 25 and 50% in the general populations (Dennis et al.,
1996; Ettinger et al., 1999; Harris et al., 1999; Black et al.,
2007). However, despite improvements in bone mineral density
among HIV infected individuals following use of alendronate
and zoledronic acid, side effects such as difficulty swallowing,
esophageal inflammation, dyspepsia, and gastric ulcer are also
observed (Harris and Brown, 2012). In addition, bisphosphonates
induce atypical femoral fractures and may not be used for more
than 5 years (Fleming et al., 2001; Ali et al., 2014). This raises
concerns of the long term effects of using bisphosphonates
for managing reduced bone mineral density in HIV infected

Frontiers in Physiology | www.frontiersin.org 4 August 2018 | Volume 9 | Article 1074

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Chisati et al. Management of Reduced Bone Mineral Density in HIV

individuals who are currently living longer as a result
of ART.

While teriparatide is recommended in individuals where
bisphosphates have failed, its recommendation for use to treat
bone loss in people living with HIV is still controversial. Some
reports indicate that teriparatide has a risk for osteosarcoma (Ali
et al., 2014), albeit rare, which may limit its recommendation
for use in HIV infected individuals. Additionally, a review
by Harris and Brown (2012) concluded that data on safety
and efficacy of teriparatide in people living with HIV is
lacking and requires further investigation (Harris and Brown,
2012).

Apart from the many challenges associated with
pharmacological therapies in treating bone loss in HIV
infected individuals, compliance and adherence issues have
also been associated with pharmacological therapies (Brown,
2013). A retrospective study by Fan et al. (2013) which assessed
the level of compliance with drugs prescribed for bone loss for
seven years concluded that most patients do not continue to
take the medication as prescribed (Fan et al., 2013). It has also
been observed that half of patients treated with bisphosphates
discontinue with treatment after 4 months (Solomon et al., 2005;
Fan et al., 2013). Since pharmacological therapies are associated
with a number of side effects and adherence problems which may
limit their use among HIV infected individuals on ART (Fleming
et al., 2001; Solomon et al., 2005; Kendler et al., 2010; Sellmeyer,
2010; Harris and Brown, 2012; Brown, 2013; Fan et al., 2013; Ali
et al., 2014), exercise based interventions could be an attractive
alternative.

Physical Activity
Guidelines for good bone health include physical activity and
exercise as a major component in preventing bone loss (Body
et al., 2011; Sharp, 2011; Borderi and Pierluigi, 2013; Cosman
et al., 2014). Physical activity has been suggested as a non-
pharmacological strategy that can be used to increase bone
mineral density even in people living with HIV (Sharp, 2011;
Borderi and Pierluigi, 2013). Among others, physical activities
such as jogging, walking, dancing and weight lifting are shown to
be beneficial in preventing and treating low bone mineral density
(Howe et al., 2011). However, evidence that physical activity is
related to higher bone mass is often inappropriately interpreted
as evidence that any activity will improve bone mass (Beck et al.,
2016).

Contrary to reports that all physical activity could be
important in increasing bone mineral density (Body et al.,
2011), weight bearing physical activities with high force, yield
a notable increase in bone mineral density (Howe et al., 2011).
This could suggest that the type and intensity of the physical
activity has an additive effect on bone density. Although weight
bearing physical activities are recommended to improve BMD,
appropriate parameters for frequency, intensity, duration and
type of physical activity to increase bone mineral density
especially among HIV infected individuals has not been fully
explored (Schambelan et al., 2002; Cosman et al., 2014).

EXERCISE AND BONE MINERAL DENSITY

Type and Design of Exercises
There is growing evidence that exercise increases bone mineral
density (Ryan et al., 2004; Cheung and Giangregorio, 2012; Mosti
et al., 2014; Multanen et al., 2015). However, not all types of
exercises provide notable stimulus to bone (Guadalupe-Grau
et al., 2009; Xu et al., 2016). Aerobic exercises such as swimming,
walking and cycling provide insignificant improvement to bone
mineral density (Martyn-St James and Carroll, 2008; Rector et al.,
2008; Ma et al., 2013). Simply prescribing these exercises in
isolation is insufficient to optimize bone health. Bone respond
positively to impact activities and high intensity progressive
resistance training (Beck et al., 2016; Bolam et al., 2016). For
example, a Cochrane review (Howe et al., 2011) on the effects
of exercise on bone mineral density in postmenopausal women
reported that exercises such as jumping, jogging, or dancing
results in a between group difference in favor of exercise at the
hip (1.55%) but not at the lumbar spine (−1.22%). Similarly,
exercises such as walking showed between group improvement
with exercise at the lumbar spine (0.85%) but not at the femoral
neck (−1.20%) (Howe et al., 2011). Yet progressive resistance
exercises resulted in significant between group differences in
favor of exercise at both the femoral neck (1.03%) and lumbar
spine (0.86%) (Howe et al., 2011). Results from this review
suggest that progressive resistance exercises may be effective in
increasing bone mineral density. However, despite reports of
increases in bone loss due to ART (Yin and Overton, 2011; Grant
and Cotter, 2016), the impact of progressive resistance exercise in
increasing bone mineral density in PLWHIV has not been fully
investigated nor promoted.

Although progressive resistance exercises have been shown to
increase bone mass in the general population (Fairfield et al.,
2001; Ryan et al., 2004; Ahola et al., 2009; Bailey and Brooke-
Wavell, 2010; Ciccolo et al., 2010; Morseth et al., 2010; Howe
et al., 2011; Kukuljan et al., 2011; Marques et al., 2011; Cheung
and Giangregorio, 2012; Langsetmo et al., 2012; Watts et al.,
2012; Allison et al., 2013; Kelley et al., 2013a,b; Mosti et al.,
2013, 2014; Behringer et al., 2014; Kemmler and von Stengel,
2014; Hinton et al., 2015; Hui et al., 2015; Multanen et al.,
2015; Kemmler et al., 2016), there is heterogeneity in the type,
intensity, frequency and duration of exercise interventions to
increase bone mineral density among many studies (Bolam et al.,
2013). In a longitudinal randomized trial, Allison et al. (2013)
investigated the influence of 12 months high impact exercises on
bone mineral density in 50 men. Results of the study revealed
an increase of 1.2% in bone mineral density. Similarly, Bailey
and Brooke-Wavell (2010) demonstrated a significant increase
in BMD after 6 months of exercise in 65 women compared to
20 non-exercising women. However, in both studies, there was
an increase in dropout rates with increasing number of exercise
days indicating that long exercise durations could lead to exercise
adherence problems.

Adherence to the recommended exercise regimen is key to
the success of any exercise intervention. The World Health
Organization defines adherence as “the extent to which a person’s
behavior—taking medication, following a diet, and/or executing
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lifestyle changes—corresponds with agreed recommendations
from health care provider” (World Health Organisation, 2003).
In exercise, adherence refers to complying with an exercise
design for a specified period of time. It involves maintaining the
frequency, intensity, duration and type of a given or prescribed
exercise. There are reports that adherence to exercise falls below
the desirable level among people living with HIV (Petróczi
et al., 2010). However, reports indicate that exercise interventions
yield higher adherence rates compared to pharmacological
interventions in treating low bone mineral density (Kelley and
Kelley, 2013).

Among the different types of exercise interventions,
compliance is higher with progressive resistance exercises
than aerobic exercises(Vancampfort et al., 2017) with an
adherence rate of over 80% in randomized controlled trials
(Aitken et al., 2015). Reports also indicate that facility based
exercises with shorter durations (Kelley and Kelley, 2013) such
as maximal strength exercises (Mosti et al., 2013, 2014) have
increased adherence. In addition, adherence is increased in
exercise programmes that are individualized and supervised by
qualified professionals (Hong et al., 2008; Jordan et al., 2010;
Tønnesen et al., 2016). It is important therefore to design shorter,
supervised, individualized and facility based progressive resistant
exercise programmes targeting BMD in order to increase
adherence.

Progressive Resistance Exercises
Progressive resistance exercises have proven to be beneficial
among people living with HIV. A systematic review by O’Brien
et al, found no significant differences in CD4 count and viral
load in HIV infected individuals before and after participating
in progressive resistance exercises for at least three times
per week for at least 6 weeks demonstrating that exercises
are safe for people living with HIV (O’Brien et al., 2017).
Significant improvements in cardiorespiratory fitness, strength,
body composition and body weight following participation in
progressive resistance exercises have also been reported among
people living with HIV (O’Brien et al., 2008, 2017; Neto et al.,
2015). Although the benefits of progressive resistance exercise in
people living with HIV are wide, effects of such exercises on bone
mineral density in this population have not been fully evaluated
(Grace et al., 2015). Only one study by Santos et al. (2015)
investigating effects of progressive resistance exercise on BMD in
PLWHIV was identified from the literature. In this study, Santos
et al. (2015), demonstrated that a shorter exercise duration of 12
weeks was appropriate to impact significant bone increases in 20
individuals living with HIV.

However, the study by Santos et al. (2015) has some
methodological shortcomings. The exercise design used lacked
other basic elements of an appropriate exercise programme to
elicit improvements (Slade and Keating, 2011). The trial neither
used non HIV infected controls nor local reference data for BMD
for comparison. In addition, different types of exercises were
used raising concerns of which of the exercises had a greater
impact on bone mineral density. The effectiveness of a 12 weeks’
exercise duration to improve BMD is supported by evidence
from studies by Mosti et al. (2013, 2014), who demonstrated

the effects of a 12 weeks progressive resistance exercises in
increasing BMD in young women and postmenopausal women
(Mosti et al., 2013, 2014). This evidence indicate that shorter
exercise durations could as well impact bonemetabolism, thereby
minimizing exercise adherence problems.

Progressive resistance exercises have been proven to be
safe and beneficial in improving metabolic outcomes among
PLWHIV (O’Brien et al., 2008; Fillipas et al., 2010; Grace et al.,
2015; Neto et al., 2015). However, there is still lack of knowledge
on the optimal mode of frequency, duration and intensity of
progressive resistance exercise on BMD in people living with HIV
(Fillipas et al., 2010; Grace, 2016) which requires investigation.

CONCLUSION

Most pharmacological strategies used to treat bone loss are
associated with a number of adverse effects which limit their
recommendation for use in PLWHIV. In addition, compliance
and adherence issues associated with pharmacological strategies
in treating bone loss may limit their use among PLWHIV who
are already burdened by ART. Exercise based interventions such
as progressive resistance exercises seem to be an attractive safe
and effective alternative strategy that could be used to manage
bone loss resulting from ART in PLWHIV. Although progressive
resistance exercises are effective in increasing BMD, there is lack
of knowledge on the optimal frequency, intensity and duration of
the exercise to impact bone which need further investigations. In
addition, effects of progressive resistance exercises in increasing
BMD in PLWHIV have not been fully investigated. Only one
study examining the effects of progressive resistance exercise
in increasing BMD among PLWHIV and receiving ART was
identified from the literature. Future studies investigating the
effects of progressive resistance exercises in increasing BMD in
PLWHIV should adopt trial designs with clear descriptions of
exercise frequency, intensity and duration.
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Abstract

Introduction

Use of tenofovir based anti-retroviral therapy (ART) in HIV patients is associated with low

bone mineral density (BMD). Low BMD predisposes people living with HIV (PLWHIV) to

fractures thereby increasing morbidity and mortality. Since the introduction of tenofovir

based ARV regimens in 2011, information on the prevalence of low BMD in PLWHIV and

receiving ART is still scarce in Malawi. This study aimed to determine the prevalence and

associated factors of low BMD among adults living with HIV and receiving ART in Blantyre,

Malawi.

Methodology

This was a cross sectional study involving 282 HIV-positive adults of whom 102 (36%) were

males. The participants aged 18–45 years were recruited from three primary and one ter-

tiary health care facilities. Patients with no other comorbidities or conditions associated with

low BMD and on ART >12 months were included. Data on BMD (femoral neck and lumbar

spine) were collected using Dual–Energy X-ray Absorptiometry (DEXA). The International

Physical Activity Questionnaire (IPAQ) was used to assess the physical activity (PA) levels.

Participants’ body weight (kg) and height (m) were also measured. Descriptive statistics,

Chi–Square test and multivariable logistic regression were used to analyse data.

Results

Mean age of participants was 37(± 6.4) years, mean duration on ART was 5(± 3.5) years

and mean body mass index (BMI) was 23(± 4.5) kg/m2. Twenty percent (55) had reduced

BMD. More males (28%) had reduced BMD than females (14%) (p = 0.04). There was a sig-

nificant association between lumbar BMD and femoral neck BMD (r = 0.66,p<0.001).
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However, on average, lumbar BMD (g/cm2) was significantly lower than the femoral BMD

(p < 0.001). Participants with low PA level (OR 1.23,p = 0.6) had higher odds of having

reduced BMD compared to those with high PA level.

Conclusions and recommendation

Prevalence of reduced BMD is high among PLWHIV in Malawi especially male Malawian

adults. Occurrence of low BMD is associated with low PA level. There is need for health

care providers to routinely monitor BMD and PA levels of this population.

Introduction

Bone mineral density (BMD) is a measure of bone strength as reflected by mineral content.

Dual energy X-ray absorptiometry (DEXA) is globally accepted as a standard technique for

measuring BMD performed typically at the lumbar spine and femoral neck[1]. BMD is

assessed mostly to diagnose osteoporosis or osteopaenia which can predispose an individual to

fractures thereby complicating morbidity and increasing the risk for mortality.[2].

Regardless of beneficial increases in survival, use of anti-retroviral therapy (ART) in people

living with HIV (PLWHIV) is associated with low BMD[3–6]. An increased risk for hip frac-

tures (hazard ratio, 6.2) among HIV infected patients compared to a non-HIV infected general

population has been reported[7]. Compared to the risk of lung cancer (hazard ratio, 3.6) and a

combined risk of cardiovascular and pulmonary diseases (odds ratio, 1.58), the risk for hip

fractures is higher among people living with HIV [8,9]. Consequently, risk for mortality and

morbidity in PLWHIV and receiving ART could increase due to the increasing risk for hip

fractures.

Initiation of ART, irrespective of regimen, leads to increases in bone loss in PLWHIV

[10,11]. A decrease of about 2–6% in BMD in the first two years after initiation of ART regard-

less of the regimen has been reported [12]. Although reductions in BMD occur at initiation of

ART irrespective of regimen, tenofovir-based regimens are associated with more bone loss

than other regimens [10,13–15]. Compared to other regimens, tenofovir leads to approxi-

mately 1–3% greater loss in BMD [10]. After comparing the effects of tenofovir and other ART

regimens on BMD in PLWHIV, McComsey and colleagues observed greater decreases in

BMD in patients receiving tenofovir-containing regimens than those receiving other regimens

[15]. This could be suggestive of an independent effect of tenofovir on bone demineralisation

regardless of host, viral and immunological factors. Although tenofovir has been shown to sig-

nificantly contributes to reductions in bone mass [10,13–15], the World Health Organisation

(WHO) recommends tenofovir-containing ART as first line treatment regimens in low

income settings. [16,17]. This could therefore make reduced BMD highly likely among

PLWHIV in low income settings [13].

Higher prevalence rates of up to 85% of low BMD among PLWHIV in low and middle

income countries have been reported by a number of studies[18–22]. Apart from ART, factors

such as lack of physical activity (PA), lower body mass index (BMI), female sex, older age,

nutritional deficiencies of calcium and vitamin D, depression, contraception use, smoking and

alcohol use are believed to contribute to high prevalence of low BMD among PLWHIV[22–

25]. Although most of the risk factors are similar in low income and high income settings[26],

some risk factors such as malnutrition, low BMI and longer duration without ART treatment

after the diagnosis of HIV are more common among PLWHIV in low and middle income
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settings[13]. These factors could make high prevalence rates of reduced BMD unavoidable

among PLWHIV in low and middle income countries.

Malawi’s HIV prevalence is one of the highest in the world and accounts for 4% of the total

number of PLWHIV in sub-Sahara Africa[27]. About 9.2% of the adult population aged

between 15 and 49 are living with HIV in Malawi[27]. In line with WHO recommendations

[16], Malawi introduced tenofovir based ARTs in 2011 as first line treatment regimen for

PLWHIV[28]. Despite this, there has been minimum effort to investigate the burden of low

BMD in such patients in Malawi. In view of the foregoing, this study aimed to determine the

prevalence and associated factors of low BMD among PLWHIV on ART in Blantyre, Malawi.

Methods

Study setting

This study was conducted at three primary health care facilities (Limbe Health Center, Gate-

way Health Center and Dream Center) and one tertiary health care facility (Queen Elizabeth

Central Hospital, QECH) located within Blantyre city, Malawi. The health facilities are located

in four different townships of Limbe, Mandala, Chinyonga and Ginnery Corner in Blantyre

(one health facility per township). Limbe Health Center, Gateway Health Center and QECH

are public health facilities that run daily ART clinics for PLWHIV from the surrounding areas.

Dream Center on the other hand, is a private health care facility that runs ART clinics three

days of the week. All four health care facilities provide ART medication refill for PLWHIV on

an out-patient basis. Each day the three public health facilities provide ART refills to approxi-

mately 50 PLWHIV, whereas Dream Center serves approximately 25 patients. All four health

care facilities have medical consultants supported by nurses who provide ART services to the

patients.

Study design and population

This was a cross sectional study involving 282 male and female adults aged 18 years to 45 years

and receiving ART at the four health facilities. A random sample of four from a list of 10 health

facilities in Blantyre city was selected using the RANDBETWEEN function in Microsoft Excel

2016. Using consecutive sampling, a proportional sample was obtained from each facility.

Data were collected from February, 2018 to March, 2019.

Patients were invited to participate and after signing informed consent, were included if

they were receiving tenofovir based ART regimens for at least 12 months. Participants who

had been on ART for at least 12 months were selected as reductions in BMD are more pro-

nounced after one year[12]. Those with a history of diabetes mellitus or impaired glucose toler-

ance, an active acute opportunistic infection, rheumatoid arthritis, severe diarrhoea,

tuberculosis within one month of commencing treatment, glucocorticoid therapy within the

past six months, currently pregnant, breast feeding women, contraception medication use or

known to be in renal failure, were excluded because such conditions contribute to reduced

BMD[22] (Fig 1).

Data collection and tools

Demographic data. Trained health workers obtained socio-demographic data from the

recruited participants. Data on participants’ information on smoking (yes/no), alcohol (yes/

no), calcium diet measured as milk intake more than once per week (yes/no) and traditional

medication use (yes/no) was obtained using a data collection form. Data on age (years), ART

duration and regimen were obtained from participants’ clinical records.
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Height and body weight. Body weight (kg) and height (cm) measurements were obtained

using a Stadiometer (HS–DBS00361, Model: 1127154) following manufacturer guidelines.

Body mass index (BMI) for each participant was calculated by dividing weight measurement

by the square of the height measurement in meters (m2).

Physical activity. The International Physical Activity Questionnaire (IPAQ) was used to

collect data on PA levels of the participants. The IPAQ comprised questions on frequency,

intensity and duration of PA that participants do as part of their everyday life in the previous 7

Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0227893.g001
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days. Questions such as “During the last 7 days, on how many days did you do vigorous physi-

cal activities like heavy lifting, digging, gardening, aerobics, or fast bicycling?”; “How much

time did you usually spend doing vigorous physical activities on one of those days?”; “During

the last 7 days, on how many days did you do moderate physical activities like carrying light

loads, bicycling at a regular pace, or participating in light sporting events?”; “How much time

did you usually spend doing moderate physical activities on one of those days?” etc were

asked. To ensure that the questions in the local language (Chichewa) were conceptually equiva-

lent with the English questions in the IPAQ, forward and backward translation was performed

by independent translators. The IPAQ was proven to be a valid and reliable tool for measuring

PA among adults aged 18–65 years in diverse settings[29].

Variable minutes spent on doing PA were recorded. The minutes were calculated into met-

abolic equivalents (METs). METs are defined as multiples of the resting metabolic rate (1

MET = 3.5ml O2 kg−1 min−1) and MET-minutes were calculated by multiplying the MET score

of an activity (an equivalence of kilocalories for a 60 kg person) by the minutes performed[30].

Participants were categorized into low, moderate and high PA levels. Low level PA com-

prised participants having the lowest PA and did not meet the criteria for moderate or high PA

levels. Moderate PA level comprised participants who did 3 or more days of vigorous PA for at

least 20 minutes per day. Similarly, participants who performed 5 or more days of walking or

moderate intensity PA for at least 30 minutes per day, fell into the moderate PA level category.

High PA level comprised participants who performed at least 3 days of vigorous intensity PA

accumulating at least 1500 MET minutes per week. Similarly, participants who performed 7 or

more days of any combination of vigorous PA, moderate intensity PA or walking achieving a

total of at least 3000 MET minutes per week, fell into the high PA level category.

Bone mineral density. All BMD measurements were performed at QECH. Femoral neck

and lumbar spine bone mineral density was measured using DEXA [Hologic Discovery-Wi (S/

N 84668), software version 13.5.3.2:5, Hologic Bedford Inc., Bedford, MA, USA]. Femoral

neck BMD was measured at the left hip. Measurements of unilateral femoral neck BMD mini-

mizes radiation exposure associated with radiography, time, as well as medical costs[31]. Lum-

bar spine BMD was measured from the first to the fourth lumbar spines.

Z-scores were obtained as an outcome measure of BMD. The World Health Organisation

(WHO) recommends the use of Z-scores (defined as an individuals’ BMD in comparison to

age-matched normal individuals) in reporting BMD for premenopausal women or men less

than 50 years of age, and children[2]. A Z-score of −2.0 or lower is defined as low BMD for

chronological age or below the expected range for age whereas a Z-score above −2.0 is within

the expected range for age[32–34]. Participants were categorised as having low BMD if the

femoral neck or total lumbar spine Z-score was– 2 or less.

Data analysis

Data were analysed using IBM Statistical Package for the Social Sciences (SPSS) version 21.

Descriptive statistics using mean and standard deviation (SD) were used to characterize age,

height, weight and BMI variables. Data for continuous variables were normally distributed.

Student T–tests were used to analyse the differences between lumbar spine and femoral neck

BMD. Chi–Square was used to test associations between categorical variables and BMD. Sim-

ple linear regression was used to analyse correlations between lumbar BMD and femoral neck

BMD. A logistic regression model was fitted to assess effects of PA, smoking, alcohol, calcium

diet and traditional medicine on low BMD. Variables for inclusion into the multivariable mod-

els were selected based on biological plausibility and those variables with p�0.20 at bivariable

level were taken for multivariable analysis. Odds ratios (OR) were obtained to quantify the
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probability of having low BMD. All statistical tests were two—sided and p values of� 0.05

were considered statistically significant.

Ethical considerations

As participants came for refilling their ART medication, they were requested to attend a health

talk regarding the purpose of the study and requesting their participation. This health talk was

conducted by the researchers and the health workers at the clinic. After having their ART refill,

willing participants were directed into a separate room where the aim and objectives of the

study were again explained and screening for eligibility was done. Consent was obtained from

eligible and willing participants. All ethical procedures were followed and privacy and confi-

dentiality were ensured by allocating codes to the participants. The study was approved by the

University of Malawi’s College of Medicine Research and Ethics Committee (COMREC) regis-

tration number P.06/17/2206.

Results

A total of 282 adult people living with HIV and receiving tenofovir based ART were included

in the study. Height was significantly higher in males than females whereas BMI was signifi-

cantly higher in females than males (P =< 0.001, two sample T–test) (Table 1). Out of 282 par-

ticipants, 55 (20%) had low BMD while 227 (80%) had their BMD within the expected ranges

for age. More males (28%) had reduced BMD than females (14%) with most of the reduced

BMD observed in the lumbar spine. The proportion of participants with reduced BMD was

significantly higher among males compared to females (28% vs 14%, P = 0.04, Chi–Square

test) (Table 1).

There was a significant positive association between lumbar BMD and femoral neck BMD

(r = 0.66, P<0.001). Fourty three percent of participants had reduced BMD in both the lumbar

spine and femoral neck (R2 = 0.43) (Fig 2).

On average, lumbar BMD (g/cm2) was significantly lower compared to femoral BMD

among all participants (mean difference– 0.08, P< 0.001, Paired T–test) (Table 2).

Participants with low PA level (OR 1.23, p = 0.6) were more likely to have reduced BMD

than those with high PA level. Participants who were not consuming a calcium diet were less

likely to have reduced BMD despite a significant association between no calcium diet and low

BMD (OR 0.38, p = 0.004) (Table 3). Smoking, alcohol and traditional medicine use were not

significantly associated with the occurrence of low BMD.

Table 1. Characteristics of participants.

Total

n = 282

Male

n = 102

Female

n = 180

P

Value

Age (yrs) 37 ± 6.4 37 ± 6.5 37 ± 6.2 0.49

Weight (kg) 60 ± 11.2 61 ± 10.2 60 ± 12.1 0.84

Height (cm) 160 ± 0.1 165 ± 0.1 158 ± 0.1 < 0.001�

BMI (kg/m2) 23 ± 4.5 22 ± 3.3 24 ± 4.9 < 0.001�

ART duration (yrs) 5.3±3.5 5.2±3.6 5.4±3.4 0.72

BMD within expected range for age [n(%)] 227 (80) 73 (72) 154 (86)

BMD below expected range for age [n(%)] 55 (20) 29 (28) 26 (14) 0.046¼

Data are in mean ± SD; BMI = body mass index

� = statistically significant
6¼ = Chi-square test

https://doi.org/10.1371/journal.pone.0227893.t001

Reduced bone mineral density among HIV infected patients on anti-retroviral therapy in Blantyre, Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0227893 January 14, 2020 6 / 12

https://doi.org/10.1371/journal.pone.0227893.t001
https://doi.org/10.1371/journal.pone.0227893


Discussion

The main purpose of the study was to investigate the prevalence of reduced BMD and associ-

ated factors among Malawian adults living with HIV and receiving tenofovir based ART. Find-

ings of the study reveal a high prevalence of reduced BMD among PLWHIV and receiving

ART in Malawi. Findings also show that the occurrence of reduced BMD is associated with

low PA level.

A comparable prevalence in reduced BMD (23%) was found by Cardeal et al (2017) among

108 individuals living with HIV in Brazil[23]. However, some studies have reported higher

prevalence rates of reduced BMD ranging from 37% to 80% among PLWHIV [18–20,35]. A

slightly lower prevalence in reduced BMD revealed in this study could be due to the age group

of participants. The current study recruited adults living with HIV between 18 years and 45

years with a mean age of 37 years. Studies that reported higher prevalence in reduced BMD

included participants older than 55 years whose bone mass may have already started decreas-

ing due to ageing. Bone mass increases with age and peaks between ages 25 and 30 years, there-

after bone mass starts to decrease leading to low BMD[36]. After 30 years of age, BMD is

maintained for about 10 years before it starts to decline at a rate of about 0.3–0.5% per year in

both males and females[37,38]. At ages between 45 to 55 women lose more bone mineral than

Fig 2. Association between femoral neck and lumbar bone mineral density.

https://doi.org/10.1371/journal.pone.0227893.g002
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men after which the rate of bone loss is gradual and the same in both sexes[38]. A rapid loss of

BMD in women between ages 45 to 55 is attributed to decreases in oestrogen production as

the menstrual cycle ceases during this period[37]. Therefore, a slightly lower prevalence in

reduced BMD among PLWHIV revealed in the current study compared to other studies could

be attributed to bone strength associated with younger age of most of the participants.

Notably, more males in the current study had reduced BMD than females with most of

the reduced bone mass observed in the lumbar spine. Despite comparable body weight, evi-

dence on bone physiology indicate that males have more bone mass than females due to dif-

ferences in skeletal muscle mass and the body’s response to changes in hormones[39,40]. In

line with bone physiology, a recent study by Erlandson et al (2018) has reported BMD

reduction twice as quickly among HIV infected women compared with men[41]. However,

24% of female participants in the study by Erlandson et al were menopausal thus leading to

more BMD decline[41]. Pronounced decreases in BMD among women has been attributed

to large decreases in oestrogen during menopause[39]. Contrary to findings by Erlandson

et al, the current study did not include female participants in menopause. Pronounced

decreases in BMD at lumbar spine among males found in the current study could be due to

lifestyle activities among Malawians. In Malawi most females, as opposed to males, carry

loads on their heads which likely impacts the lumbar spine which could in turn lead to high

density in lumbar spine bones.

Table 2. Differences between femoral neck and lumbar bone mineral density.

Bone

parameter

Lumbar

spine

Femoral

neck

Mean

difference

95% CI P–Value

BMD (g/cm2) 0.93 0.86 – 0.08 – 0. 09 to– 0.07 < 0.001�

Z–Score – 1.01 0.14 1.15 1.03 to 1.26 < 0.001�

� = statistically significant

https://doi.org/10.1371/journal.pone.0227893.t002

Table 3. Factors associated with low BMD.

Factor Adjusted OR 95% CI P value

PA level

High 1(ref)

Moderate 0.87 0.41–1.85 0.72

Low 1.23 0.57–2.67 0.6

Calcium

Yes 1(ref)

No 0.38 0.19–0.74 0.004

Smoking

No 1(ref)

Yes 0.57 0.13–2.56 0.47

Alcohol

No 1(ref)

Yes 0.88 0.33–2.34 0.8

Traditional Medicine

No 1(ref)

Yes 0.38 0.11–1.36 0.14

(ref) = reference variable

https://doi.org/10.1371/journal.pone.0227893.t003
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Consistent with other studies[42,43], a significant positive correlation between lumbar spine

and femoral neck BMD was revealed in the current study. Closer to half of participants who had

reduced BMD in the femoral neck were also likely to have reduced BMD in the lumbar spine. With

the significant level of correlation, findings of the current study suggest that lumbar spine BMD

could be used to predict femoral neck BMD among PLWHIV and receiving ART in Malawi.

Contrary to the current findings, some studies have reported greater reductions in

femoral BMD than lumbar BMD among people living with HIV[35,41,44]. However, these

studies reporting more reduced BMD in the femoral neck than the lumbar spine were con-

ducted among western and Asian populations who have different PA lifestyles compared to

Sub-Saharan African populations. Since bone strength depends, in part, on mechanical stress or

mechanical loading, an individual’s physical activity lifestyle can play a role in either increasing

or reducing BMD[37]. Lower BMD in the lumbar spine compared to the femoral neck observed

in the current study could be due to PA of Malawians such as walking long distances to work

[45] which may impact the femoral neck bone thereby increasing BMD.

The likely occurence of reduced BMD among participants with low PA level revealed in

this study is supported by growing evidence that demonstrates a negative impact of low PA on

BMD[24]. Guidelines for good bone health recommends PA as an important component in

preventing bone loss among PLWHIV[46]. As demonstrated by Santo et al (2015), significant

improvements in BMD were revealed among 20 PLWHIV after particpating in a 12 weeks

strength exercise programme[47]. Suggesting that PA could play a role in mainting BMD

among PLWHIV. Current findings supports foundation evidence for considering PA as an

intervention for managing reduced BMD in PLWHIV.

Being the first in Malawi, this study adds to the body of knowledge on prevalence of

reduced BMD among PLWHIV in resource limited settings. The study also provides valuable

information on PA and bone health for Malawian adults living with HIV and receiving ART.

On the other hand, the current study used a subjective approach of obtaining PA levels

through self-reported questionnaire which may result in reporting bias. In addition, the

change of BMD over the period of treament could not be established due to the cross sectional

design of this study. In addition, most references in the current study reflect circumstances in

western countries due to lack of BMD data on large age related healthy African cohorts that

could be used for refernce. Furthermore, the current study did not collect data on viral loads

or CD4 cell count to determine ART adherence and the cumulative effect of tenofovir expo-

sure among those with reduced BMD. Longitudinal studies aimed at evaluating BMD dynam-

ics in relation to PA are therefore warranted.

Conclusions and recommendations

Reduced BMD is prevalent among Malawian adults living with HIV and receiving ART.

Among those with reduced BMD, males had more bone loss than females which may contrib-

ute to more incidences of stress and osteoporotic fractures among adult Malawian males living

with HIV. Most of the BMD among males was observed at the lumbar spine. The occurrence

of reduced BMD was more likely in those who had low PA level. There is need for health care

providers to routinely monitor BMD and PA level of this population. In addition, there is need

for further research on the effects of exercise interventions on BMD among PLWHIV.
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Introduction
It is estimated that over 30 million people are infected with 
human immunodeficiency virus (HIV) with a majority 
of  them living in sub-Saharan Africa1. Infection with 
HIV is increasingly considered a chronic illness, with 
the introduction of  anti-retroviral therapy (ART) having 
significantly improved life expectancy among people 
living with HIV (PLWHIV)2. PLWHIV are living longer 
and aging with comorbidities associated with HIV3,4. 
Prevalent comorbidities such as cardiovascular diseases, 
chronic obstructive pulmonary disease, cancers, arthritis, 
osteoporosis and liver disease develop earlier and more 
frequently in PLWHIV than in individuals who are not 
infected with HIV5,6. Side effects of  ART such as peripheral 
neuropathy, osteopaenia, anaemia and fatigue7,8 as well as 
HIV-related chronic inflammation have been implicated as 
risk factors that increase the incidence of  comorbidities9,10. 
Decreases in PA among PLWHIV could be exacerbated by 
most of  the HIV related comorbidities 11.

PA is defined as any bodily movement produced by skeletal 
muscles that results in energy expenditure12. PA and 
exercise are as effective as pharmacological interventions 
in preventing cardiovascular diseases and mortality in 
the general population13. The benefits of  regular PA in 
the general population include controlling body weight, 
boosting immunity, preventing non-communicable diseases, 
increasing fitness and improving mental health14. PA has been 
recommended as a therapeutic intervention that can promote 
health and quality of  life for PLWHIV15–20. Existing evidence 
shows that regular PA improves fitness, body composition, 
muscle strength, psychological wellbeing and quality of  life 
among people living with HIV18–20. PA reduces central fat and 
metabolic consequences that result from fat accumulation in 
PLWHIV21. Since higher PA levels are associated with many 
benefits, including lowering cardiovascular disease risk, the 
leading cause of  mortality in people living with HIV22,23, 
understanding PA levels among people living with HIV 
and receiving ART is critical to improving long-term health 

Abstract
Introduction
Despite increasing life expectancy among people living with HIV (PLWHIV), anti-retroviral therapy (ART) side effects, HIV chronic 
inflammation and co-morbidities may limit functional abilities and reduced participation in exercises and physical activity (PA). PA 
improves wellbeing and overall quality of  life of  PLWHIV. In Malawi, there is paucity of  information regarding PA levels among 
Malawians living with HIV and receiving ART. Therefore, this study aimed at determining PA levels among PLWHIV and receiving 
ART in Malawi.

Methods
A quantitative cross-sectional design was employed. Eligible participants were male and female adults aged 18–45 years living with 
HIV receiving ART for at least 1 year. The participants were recruited from Limbe Health Center, Gateway Health Center and Queen 
Elizabeth Central Hospital (QECH) in Blantyre, Malawi. The International Physical Activity Questionnaire (IPAQ) was used to assess 
the PA levels. A Stadiometer (HS-DBS00361, Model: 1127154) was used to measure weight (kg) and height (cm) of  the participants. 

Results
A total of  213 participants were recruited. There were more females than male participants (n=132 females). Overall, the mean age 
of  all participants was 37±6.5 years and they were within normal body weight (BMI=23±4.0). Many participants (n=85, 40%) had 
low PA levels followed by those who were moderately physically active (n=75, 36%). A larger proportion of  the female participants 
(51%) had low PA levels compared to males (22%). Forty-two percent of  participants with 1–3 years of  ART had low PA whereas 
39% with >3 years ART had low PA.

Conclusion
Most PLWHIV and receiving ART in the sample have low PA levels. The study has also revealed that proportionally more females 
than males had low PA levels. 
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outcomes.
The World Health Organization (WHO) guidelines on PA 
for health recommend aerobic PA of  either 150 minutes 
of  moderate intensity or 75 minutes of  vigorous intensity 
per week for adults aged 18–64 years24. In addition, WHO 
recommends muscle strengthening activities involving 
all major muscle groups that are done 2 or more days per 
week24. Although the benefits of  regular PA are enormous, 
most PLWHIV are insufficiently physically active14,15,25,26. 
Factors such as opportunistic infections, side effects of  
anti-retroviral drugs, depression and body pain have been 
implicated as barriers towards the engagement of  PLWHIV 
in regular PA27. PA levels of  people living with HIV in Malawi 
have not been investigated. Therefore, the aim of  this study 
was to determine levels of  PA among people living with HIV 
and receiving ART in Blantyre, Malawi.

Methods
Study design, study sample and recruitment
This was a quantitative cross-sectional study consisting of  
81 male (38%) and 132 female (62%) adults living with HIV 
and receiving ART recruited using convenience sampling. 
Participants were recruited from Limbe Health Centre, 
Gateway Health Center and Queen Elizabeth Central 
Hospital (QECH) in Blantyre, Malawi. As the participants 
came for refilling their ART medication, they were requested 
to attend a health talk regarding the purpose of  the study 
and requesting their participation. This health talk was 
conducted by the researchers and the health workers at the 
clinic. After getting their ART refill, willing participants 
were directed into a separate room where the aim and 
objectives of  the study were again explained and screening 
for eligibility was done. Consent was obtained from eligible 
and willing participants. All ethical procedures were followed 
and privacy and confidentiality were ensured by allocating 
codes to the participants. The study was approved by the 
University of  Malawi’s College of  Medicine Research and 
Ethics Committee (COMREC) and is in conformity with the 
laws of  Malawi and the Declaration of  Helsinki.

Study period
Data for the study was collected from 28 February 2018 to 
30 January, 2019. During this period all eligible people living 
with HIV and receiving ART from Queen Elizabeth Central 
Hospital, Limbe Health Center and Gateway Health Center 
were requested to participate in the study.

Selection criteria
Male and female adults aged 18–45 years living with HIV 
who were receiving ART for at least 1 year and were 
adhering to ART treatment were included. Participants 
who had been on ART for more than 1 year were selected 
because ART side effects that may affect PA levels tend 
to manifest after 1 year28,29. Pregnant mothers, subjects 
hospitalized in the previous 2 weeks and all subjects with 
well-known neurological, cardiorespiratory, orthopaedic 
or haematological conditions, opportunistic infections and 
cancers were excluded from the study since such conditions 
may affect individuals’ participation in PA.

Equipment
A Stadiometer (HS-DBS00361, Model: 1127154, Supplied 
by Taida, Blantyre, Malawi) was used to obtain the weight 
(kg) and height (cm) of  subjects. A health passport was 

used to cross check the day the subject started ART 
and the default rate. The International Physical Activity 
Questionnaire (IPAQ) was used to collect data on PA levels 
of  the participants. Guidelines for data processing of  the 
IPAQ were used to categorize data into levels of  PA for each 
participant.

Variables 
Body weight and height
Body weight (kg) and height measurements were obtained 
using a Stadiometer (HS-DBS00361, Model: 1127154) 
following manufacturer guidelines. 

Body mass index
Body mass index (BMI) for each participant was calculated 
by dividing weight measurement (kg) by the square of  the 
height measurement (m2). 

Physical activity level
PA levels were obtained using the self-administered short 
version of  the IPAQ. The IPAQ comprised questions on 
frequency, intensity and duration of  PA that participants do 
as part of  their everyday life in the previous 7 days. Questions 
were asked such as “During the last 7 days, on how many 
days did you do vigorous physical activities like heavy lifting, 
digging, gardening, aerobics, or fast bicycling?”; “How much 
time did you usually spend doing vigorous physical activities 
on one of  those days?”; “During the last 7 days, on how many 
days did you do moderate physical activities like carrying 
light loads, bicycling at a regular pace, or participating in light 
sporting events?”; “How much time did you usually spend 
doing moderate physical activities on one of  those days?” 
and so on. To ensure that the questions in the local language 
(Chichewa) were conceptually equivalent with the English 
questions in the IPAQ, forward and backward translation 
was performed by independent translators. The IPAQ was 
proven to be a valid and reliable tool for measuring PA 
among adults aged 18–65 in diverse settings30. 
Variable minutes spent on doing PAs were recorded. The 
minutes were calculated into metabolic equivalents (METs). 
METs are defined as multiples of  the resting metabolic rate 
(1 MET = 3.5 ml O2 kg−1 min−1) and MET-minutes were 
calculated by multiplying the MET score of  an activity 
(an equivalence of  kilocalories for a 60-kg person) by the 
minutes performed31. 
Participants were categorized into low, moderate and high 
PA levels. Low level PA comprised participants having the 
lowest PA and did not meet the criteria for moderate or high 
PA levels. Moderate level PA comprised participants who did 
3 or more days of  vigorous PA for at least 20 minutes per 
day. Similarly, participants who performed 5 or more days 
of  walking or moderate intensity PA for at least 30 minutes 
per day, fell into the moderate-level PA category. High level 
PA comprised participants who performed at least 3 days 
of  vigorous intensity PA accumulating at least 1500 MET 
minutes per week. Similarly, participants who performed 7 
or more days of  any combination of  vigorous PA, moderate 
intensity PA or walking achieving a total of  at least 3000 
MET minutes per week fell into the high-level PA category.

Duration on anti-retroviral therapy
The period on ART was obtained through asking the 
participants and cross-checking in the health passport. 
Participants were included if  the period they have been 
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was 37±6.5 years and they were within normal body 
weight (BMI=23±4.0). There were more female than male 
participants (n=132 female) with mean age of  36±6.3 years. 
Baseline characteristics of  participants are presented in 
Table 1. Most participants (40%) had low PA levels, followed 
by those who were moderately physically active (36%) while 
a smaller number of  participants (24%) had high PA levels 
(Figure 1). A larger number of  females (51%) had low PA 
levels compared to males (22%) (Figure 2).
Out of  all 77 participants with 1–3 years of  ART, 32 (42%) 
had low PA levels and 53 (39%) out of  136 participants with 
>3 years ART had low PA levels (Table 2).
 

Discussion
The study was conducted to determine the levels of  PA in 
a sample of  people living with HIV in Blantyre, Malawi. 
Contrary to WHO recommendations for PA24, current 
findings show that a considerable proportion of  PLWHIV 
and receiving ART in Blantyre, Malawi are insufficiently 
physically active. Our results are consistent with other studies 
that have shown low levels of  PA among people living 
with HIV and receiving ART14,15,26,32,33. Other reports have 
suggested that lower levels of  PA among PLWHIV could be 
due to lower educational levels, presence of  lipodystrophy, 
body pains, depression and opportunistic infections27. It 
should be noted that some of  the indicated factors leading 
to reduced levels of  PA among people living with HIV may 
be interrelated. For example, presence of  lipodystrophy 
which contributes to reduced PA levels of  PLWHIV is a 
known side effect of  stavudine-based ART, which the WHO 
recommended to be phased out34. In our study, none of  
the participants was taking stavudine-based ART as it was 
phased out in 201135. In addition, those with opportunistic 
infections were excluded from the study. Therefore, the 
presence of  lipodystrophy and opportunistic infection may 
not explain the lower PA levels in our study. Low PA levels 
among participants in our study could also be due to body 
pains and depression because these are common among 
PLWHIV and receiving ART27. However, this suggestion 
should be considered with caution since our study did not 
investigate depression and body pain among the participants.
Although older age has also been suggested as leading to 
low PA among PLWHIV27, participants in the current study 
were young adults aged between 18 and 45 years. Frantz et 
al. also reported lower PA levels among a majority of  the 
younger population (15–34 years) of  PLWHIV32. This is a 
cause for concern because PA levels tend to decrease with 

receiving ART was 1 year or more. The duration was divided 
into categories of  1–3 years and above 3 years because 
side effects of  ART that could affect PA become more 
pronounced after 3 years28,29. 

Data analysis
Data was entered into Microsoft Excel 2016 after which 
METs for each participant’s PA level were computed using 
guidelines for data processing of  the IPAQ31. Participants 
were categorized into low PA, moderate PA and high PA 
levels. Statistical Package for the Social Science (IBM SPSS 
statistics for Windows, Version 20.0. Armonk, New York) 
was used to analyse the data. Descriptive statistics with mean 
and standard deviation were used to characterize the data 
variables. All data assumed normal distribution.

Results
The study investigated a sample of  213 adult Malawians 
aged between 18 and 45 living with HIV and receiving ART 
from Limbe Health Center, Gateway Health Center and 
QECH in Blantyre. Overall, the mean age of  all participants 

Male

n=81 

Female

n=132 

Total

n=213 
Age (years) 37±6.7 36±6.3 37±6.5 
Weight (kg) 59±8.9 59±10.5 59±9.9
Height (cm) 164±0.8 158±0.8 160±0.8 
BMI (kg/m2) 22±3.1 24±4.4 23±4.0 

ART duration
1–3 years >3 years

Low PA 32 (42%) 53 (39%)
Moderate PA 25 (32%) 51 (38%)
High PA 20 (26%) 32 (23%)
Total 77 (100%) 136 (100%)

Table 1. Baseline characteristics of participants

All data are in mean ± standard deviation. 

BMI, body mass index.

Table 2. Proportions of PA levels of participants by ART 
duration

All data are n (%).

Figure 1: Physical activity (PA) levels of all participants.

Figure 2: Physical activity (PA) levels of all participants stratified 
by gender.
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Effects of maximal strength training on
bone mineral density in people living with
HIV and receiving anti-retroviral therapy: a
pilot study
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Abstract

Background: Anti-retroviral therapy (ART) is associated with low bone mineral density (BMD) among people living
with HIV (PLWHIV). Although physical activity is recommended for improving bone health in patients with reduced
BMD, data on effects of strength exercises on low BMD among PLWHIV is scarce. This study therefore aimed to
determine the effects of a 12 weeks maximal strength training (MST) on BMD among PLWHIV in Blantyre, Malawi.

Methods: Twenty-six PLWHIV with reduced BMD were randomised into a training group (TG, n = 15) and control
group (CG, n = 11). The TG underwent 12 weeks of MST consisting of 4 sets of 3 to 5 repetitions at 85–90% of one
repetition maximum (1RM) 3 times per week. The CG was advised to maintain their usual lifestyle. Measurements of
BMD using dual-energy X-ray absorptiometry, 1RM using a squat machine, heart rate using a heart rate monitor,
weight, height and body mass index were obtained before and after the intervention in the TG and CG. Descriptive
statistics and student’s t - tests were used to analyse data.

Results: The study was conducted for 12 weeks. Data of 24 participants [14 (TG) and 10 (CG)] were analysed. At
base line, there were no significant differences in age (p = 0.34), height (p = 0.91), weight (p = 0.43) and body mass
index (p = 0.34) between participants in the TG and the CG. After the intervention, there were significant
improvements in lumbar BMD (p < 0.001) and resting heart rate (p = 0.03) in the TG compared to the CG. There
were significant improvements in muscle strength (1 RM) in both the TG (p < 0.001) and the CG (p = 0.01).

Conclusions: MST improves lumbar BMD and strength in PLWHIV receiving ART in Blantyre, Malawi. MST with a
shorter exercise duration of 12 weeks seem to have the potential in treating reduced BMD in PLWHIV.

Trial registration: PACTR201712002889203. Registered with the Pan African Clinical Trial Registry on 22nd
December, 2017 at www. pactr.org

Keywords: Bone mineral density (BMD), Maximal strength training (MST), People living with HIV (PLWHIV), Anti-
retroviral therapy (ART), Exercise
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Background
The use of antiretroviral therapy (ART) to treat human
immunodeficiency virus (HIV) leads to reduced bone
mineral density (BMD) [1–3]. Low BMD categorised as
osteopaenia and osteoporosis may increase the incidence
of fractures among people living with HIV (PLWHIV)
[4] which may escalate the risk for morbidity and
increase mortality. In addition to providing calcium sup-
plements and vitamin D, pharmacological approaches
through the provision of Teriparatide, Denosumab and
Bisphosphate drugs have been proposed as methods of
managing bone demineralisation occurring due to ART
[5]. Although promoted in the management of reduced
BMD, side effects associated with pharmacological ap-
proaches and calcium supplements as well as adherence
problems may limit the use of such strategies among
PLWHIV [6].
Among other recommendations, physical activity and

exercises are included in guidelines for preventing bone
loss even among PLWHIV [7–9]. Evidence has shown
the beneficial effects of some physical activities such as
dancing, walking, weight lifting and jogging in prevent-
ing and managing bone demineralisation [10]. However,
evidence that high bone mineral density is linked to
physical activity is mostly misinterpreted as evidence
that any physical activity will lead to increased BMD
[11]. Despite some evidence that increases in BMD
could result from any physical activity [12], high force
weight bearing physical activities lead to pronounced
increases in bone mineral density [10]. Therefore, the
intensity and type of the physical activity has an import-
ant impact on BMD.
Increases in BMD following strength exercises has

been reported in a number of studies [7–9, 13]. Thus
strength exercise may be used as a strategy to increase
BMD in PLWHIV and receiving ART [7]. Compared to
pharmacological approaches, exercise interventions are
associated with higher adherence rates in managing bone
demineralisation [14]. Specifically, strength exercises
have shown a higher compliance rate [15] with an adher-
ence rate of over 80% in randomised controlled trials
[16]. Reports also reveal an increased adherence among
participants performing facility based exercises with
shorter durations [14] such as maximal strength exer-
cises [17, 18]. Thus shorter and facility based strength
exercise programmes targeting BMD may be appropriate
in increasing adherence.
Despite evidence that strength exercises are effective

in increasing BMD in men and women [18–21], know-
ledge on the effects of exercise on low BMD among
PLWHIV and receiving ART is scarce. Further, strength
exercises have been proven to be safe, practical, inexpen-
sive and beneficial in improving metabolic outcomes
among PLWHIV [22–25]. In view of declining rates of

mortality and morbidity among PLWHIV due to in-
creased accessibility of ART in resource limited settings,
exercise may be a cost effective non pharmacological
strategy in preventing bone loss thereby reducing osteo-
porosis and fall related fractures. However, despite
reports of increases in bone loss due to ART [26, 27],
there is still lack of information on the optimal mode of
frequency, duration and intensity of strength exercise on
BMD in PLWHIV [22, 28]. The aim of this study there-
fore was to determine the effects of a 12 weeks maximal
strength training (MST) exercise programme on BMD
among PLWHIV in Blantyre, Malawi.

Methods
Study design and setting
This was a parallel randomised controlled pilot study
conducted at the College of Medicine Sports Complex
in Blantyre city, Malawi. The Sports Complex houses a
gym quipped with a variety of exercise training equip-
ment and accommodates about 20 participants per day.
It operates daily from 8.00 am to 10.00 pm. Different
people within Blantyre city patronize the facility to
engage in different exercises either for health or sports
performance.

Study population
Participants were recruited from Queen Elizabeth
Central Hospital (QECH) in Blantyre Malawi. Male and
female adults aged 18–45 years living with HIV and re-
ceiving ART who had reduced BMD were included in
the study. The World Health Organisation (WHO)
recommends the use of Z-scores (defined as an individ-
uals’ BMD in comparison to age-matched normal
individuals) in reporting BMD for premenopausal
women or men less than 50 years of age and children
[29]. A Z-score of − 2.0 or lower is defined as low BMD
for chronological age or below the expected range for
age whereas a Z-score above − 2.0 is within the
expected range for age [30–32].
Participants were included if they were receiving teno-

fovir based ART regimens for more than 12 months and
had reduced BMD. The more than 12months duration
was chosen because reductions in BMD are more pro-
nounced after this period [33]. Participants with contra-
indications to exercise (such as serious cardiorespiratory,
neurological or orthopaedic conditions which would
limit participation to the exercise regimen), and were
taking any calcium supplements and pharmacological
therapies were excluded.

Exercise protocol
Participants were randomly allocated to either an exer-
cise training group (TG) or control group (CG). Partici-
pants in the TG followed a MST programme for 12
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weeks comprising three sessions each week with a total
of 36 sessions under the supervision of a qualified
physiotherapist. The participants were instructed not to
add any leisure exercises that included high impact
jumping and lifting heavy loads during the study period.
The MST sessions consisted of squat exercises per-
formed on a hack squat machine (Model HLS2000)
using the lower extremities. Before the main exercise
session, participants performed a warm-up comprising
two sets of 8 to 12 repetitions at approximately 50% of
the participant’s training load. The warm up was
followed by the main exercise consisting of four sets of 3
to 5 repetitions at 85 to 90% of one repetition maximum
(1RM). A break of 2 to 3 min was allowed between the
sets. Execution of the exercise started from a straight
legs position, down to a 90o angle in the knee joint and
up again. Participants’ 1RM was re-evaluated every week
to guide progression of the intensity of the exercise.
Participants in the CG were instructed to keep living
their usual lifestyle during the study period.
For effective supervision, each participant was sched-

uled his or her own time for the exercise. The physio-
therapist who was supervising the exercise regimen was
blinded from knowing that the participants were in a
study and the purpose of the study to obtain reliable
results.

Randomisation
To allocate participants to either TG or CG, a random
sequence of numbers was generated from the computer
using the RANDBETWEEN function in Microsoft Excel,
2016. Treatments were then allocated to participants in
sequence using numbered opaque envelopes containing
the treatment allocations. The generation of the number
sequence and allocation of the envelops to the partici-
pants was done by a Physiotherapist who was not
involved in data collection and evaluation of the
outcomes.

Data collection and equipment
Data was collected from June, 2018 to March, 2019.
Variables of BMD (g. cm−2), maximal strength, heart
rate, weight, height and body mass index (BMI) were
obtained and recorded on a data collection form before
and after the exercise programme in the TG and the CG
to determine effects of the exercise.

Bone mineral density
Femoral neck and lumbar spine BMD (g. cm−2) was
measured using dual-energy X-ray absorptiometry
(DEXA) (Hologic Discovery-Wi (S/N 84668), software
version 13.5.3.2:5, Hologic Bedford Inc., Bedford, MA,
USA) at QECH. Femoral neck BMD was measured at
the left hip only. Measurement of the lumbar spine

BMD was done from the first to fourth lumbar spines
and a total BMD value was recorded.

Maximal strength
Maximal strength, obtained as 1RM was measured on
the squat machine as described under the exercise
protocol section. To determine 1 RM, several lifts were
executed with an increasing load of 5 kg for each lift
until the highest load lifted was reached.

Body weight, height and heart rate
Body weight (kg) and height (cm) measurements were
obtained using a Stadiometer (HS – he DBS00361,
Model: 1127154) following the manufacturer’s guide-
lines. A heart rate monitor (Polar FT4, Model C317T21
559445) was used to obtain heart rate measurements
before and after the exercise.

Body mass index
BMI for each participant was calculated by dividing
weight measurement by the square of the height meas-
urement in meters (m2).

Sample size
Sample size estimates are based on the effect size, alpha
and number of participants in each group. From the re-
sults, an increase of 3% in femoral neck BMD and 4% in
lumbar BMD after exercise training was obtained. To
detect a 3% increase in mean BMD, with an alpha of
0.05 at 80% power using a two - sided test, 15 partici-
pants in each group were required. Sample size calcula-
tions were done using a G*power 3.1.6 computer
software programme.

Data analysis
Statistical Package for the Social Science (SPSS version
25) was used to analyze the data. Descriptive statistics
such as mean and standard deviation (SD) were used to
characterize the data variables. All data variables were
normally distributed. Student’s t - test was used to
analyse differences between and within the groups. All
statistical tests were two - sided and a p value of ≤0.05
was considered statistically significant.

Ethical considerations
As participants came for refilling their ART medication
at QECH, they were requested to attend a health talk re-
garding the purpose of the study and invited to partici-
pate. This health talk was conducted by the researchers.
Willing participants were directed into a separate room
where the aim and objectives of the study were again ex-
plained and screening for eligibility was done. Written
informed consent was obtained from eligible and willing
participants.
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All ethical procedures were followed and privacy and
confidentiality were ensured by allocating codes to the
participants. The study was approved by the University
of Malawi’s College of Medicine Research and Ethics
Committee (COMREC) registration number P.06/17/
2206. The study was registered with the Pan African
Clinical Trial Registry on 22nd December, 2017 with
identification number: PACTR201712002889203.

Results
Out of 55 eligible participants, 29 participants were
excluded because they either did not meet the inclu-
sion criteria or they declined to participate. Twenty-
six participants were therefore included and randomly
allocated to either a TG (n = 15) or CG (n = 11). Two
participants (one from each group) did not finish the
training due to transfer and withdrawal of consent
(Fig. 1). The study adhered to CONSORT guidelines
for conducting randomised controlled trials. The
training group completed all the planned training ses-
sions. No significant differences in baseline character-
istics were observed between participants in the TG
and the CG (Table 1).
On average, there were significant improvements in

lumbar spine BMD and 1RM (p < 0.001) as well as in
resting heart rate (p = 0.027) in the TG participants after

12 weeks (paired samples t-test). Only 1RM was signifi-
cantly higher (p = 0.013) after 12 weeks in the CG
(Table 2).
The changes in mean values for lumbar spine BMD

(0.006 g. cm−2 vs 0.033 g. cm−2) and heart rate (1.9 bpm
vs − 8.14 bpm) were significantly higher within the TG
compared to the CG after 12 weeks. Whereas the mean
value for 1RM (12.3 kg vs 115.36 kg) was significantly
higher in both the TG and CG after 12 weeks (Table 3).

Discussion
The main purpose of this pilot study was to determine
the effects of 12 weeks of MST on reduced BMD in HIV
infected individuals receiving ART in Blantyre, Malawi.
Results reveal that MST performed three times a week
for 12 weeks is effective in increasing lumbar spine BMD

Fig. 1 Study flow diagram showing numbers of participants in the TG and CG

Table 1 Characteristics of participants at baseline

TG (n = 14) CG (n = 10) P – value

Age (years) 35.1 ± 6.7 37.7 ± 6.3 0.34

Height (cm) 160.1 ± 0.1 159 .7 ± 0.1 0.91

Weight (kg) 57.0 ± 7.8 60.1 ± 11.3 0.43

BMI (kg/cm2) 22.2 ± 2.5 23.7 ± 4.7 0.34

Data are presented as mean ± SD, TG Training group, CG Control group, P-
values are based on Independent samples t – test
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among PLWHIV on ART. The MST intervention also
caused improvements in muscle strength among the
participants.
Current findings are in line with the study by Santos

et al. (2015), who demonstrated that a 12 weeks pro-
gressive exercise programme was appropriate to impact
significant lumbar and femoral neck bone increases in
20 individuals living with HIV9. Despite some evidence
that all physical activity could be important in increas-
ing BMD [12], weight bearing physical activities with
high loads, yield a notable increase in BMD [10].
Although bones respond to small loading stimuli,
evidence indicate that high mechanical loading, such as
those used in MST, increase BMD by acting on muscle
and ground reaction forces which in turn induces
mesenchymal stem cells osteogenic differentiation to-
wards osteoblasts [13]. An osteogenic response is more
likely with high loads due to the triggering of higher
mechanostat thresholds [34]. This could suggest that
appropriate load bearing exercises such MST can pro-
mote increases in BMD, thereby reducing the risk for
osteoporosis among PLWHIV.
Compared to findings of some previous studies [21,

35, 36], significant improvements in BMD were observed
after a short strength exercise training programme of 12
weeks in the current study. This could be due to pro-
gressive loading and emphasis on intensity monitoring
in the MST. In the current study, the training load was
re-evaluated every week to ensure progressive loading
throughout the intervention which maintains the mech-
anical stress that regulates bone remodeling through
osteoblasts [13]. In addition, it has been reported that

longer periods of more than 3 months of exercise inter-
ventions lead to high dropout rates [14, 37]. The adher-
ence rate in the current study was 93% in the TG and
90% in the CG. The compliance rate was 100% with all
participants completing all planned training sessions.
Therefore, MST which promotes shorter exercise dura-
tions could be an alternative and attractive intervention
for managing reduced BMD in PLWHIV.
Concurrent with previous findings [17, 18], significant

improvements in muscle strength following MST were
observed in the current study. Contrary to most conven-
tional ways of strength training, MST emphasies on high
loads and few repetitions with focus on high acceleration
during the concentric phase which leads to high rate of
force development as the muscles contaract [17]. How-
ever, while significant improvements in strength were
observed in the TG only in the study by Mosti et al.
(2013) [17], current findings reveal significant strength
improvements in both the TG and CG as determined by
increases in 1RM. Although both groups exhibited sig-
nificant strength improvements, there were greater im-
provements among participants within the TG. Notable
increases in strength in the CG in the present study
could be attributed to occupational activities of most
Malawian adults or other undetermined reasons. Data
for the study was collected between June 2018 and
March 2019 which falls within the farming period in
Malawi. During this period most Malawians are involved
in land preparation, planting and harvesting which
demand a considerable physical capacity.
In line with other studies [25], significant reductions

in heart rate were observed in the current study. A

Table 2 Changes in physiological parameters before and after exercise training

TG (n = 14) CG (n = 10)

Pre-training Post-training Pre-training Post-training

Femoral neck BMD (g. cm−2) 0.770 ± 0.1 0.778 ± 0.1 0.772 ± 0.1 0.786 ± 0.1

Lumbar spine BMD (g. cm−2) 0.771 ± 0.1 0.804 ± 0.1* 0.774 ± 0.7 0.780 ± 0.1

1 RM (kg) 106.79 ± 31.4 222.14 ± 43.2* 110.70 ± 34.8 123.00 ± 33.2

Heart rate (bpm) 87.00 ± 16.4 78.86 ± 11.2* 74.30 ± 13.7 76.20 ± 10.3

Data are presented as mean ± SD, TG Training group, CG Control group, bpm beats per minute, * Significant difference p < 0.05

Table 3 Mean differences in physiological parameters between and within the groups

Within groups* Between
groups#TG (n = 14) CG (n = 10)

Femoral neck BMD (g. cm−2) 0.008 (0.472) 0.014 (0.144) 0.006 (0.675)

Lumbar spine BMD (g. cm−2) 0.033 (< 0.001) 0.006 (0.568) 0.027 (0.026)

1 RM (kg) 115.36 (< 0.001) 12.30 (0.013) 103.06 (< 0.001)

Heart rate (bpm) –8 .14 (0.027) 1.90 (0.561) −10.04 (0.044)

Data are presented as mean difference (p-value), TG Training group, CG Control group, bpm beats per minute, P-values are based on *Paired samples t-test,
#Independent samples t-test
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meta-analysis of randomised trials by O’Brien et al.
(2008) reported a reduction in heart rate of – 13.2 bpm
for participants in the TG. An almost similar reduction
in heart rate (− 8.14 bpm) has been shown in the current
study suggesting that MST has an effect on some cardio-
pulmonary parameters among PLWHIV.
To the best of our knowledge, this is the first rando-

mised controlled trial that has evaluated the effects of
MST exercises with focus on BMD as the main outcome
in PLWHIV. A supervised, individualised and facility
based MST exercise programme targeting BMD with
clear descriptions of exercise type, frequency, intensity
and duration was adopted. This pilot study provides pre-
liminary data that allows potential for larger prospective
studies on effective exercise strategies used to manage
reduced BMD among PLWHIV. One limitation of the
study was a relatively low sample size. However, based
on previous studies [9, 17] the number of participants
was adequate to assess the effectiveness of a MST
programme on bone and strength parameters as revealed
in the findings. Considering that gender may be a plaus-
ible confounder for bone responses to external loads, an-
other limitation of the study was that analysis for BMD
responses within gender were not done due to low sam-
ple size. Therefore, larger prospective trials with larger
sample size investigating the effects of MST on BMD in
PLWHIV are warranted.

Conclusions
The study demonstrates that a 12 weeks’ exercise
programme of MST improves lumbar BMD, heart rate
and muscle strength in PLWHIV on ART exhibiting re-
duced BMD in Blantyre, Malawi. Data from this pilot
study suggest that individualized and supervised MST
performed for a shorter duration of 12 weeks seem to
have the potential in treating reduced BMD among
PLWHIV on ART. Since this was a pilot study, larger
randomized controlled trials investigating the effects of
12 weeks MST on reduced BMD among PLWHIV with
a larger sample size are merited.
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

 

 

SHORT LAST 7 DAYS SELF-ADMINISTERED FORMAT 

 

 

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 

 

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. 

Long (5 activity domains asked independently) and short (4 generic items) versions for use by 

either telephone or self-administered methods are available. The purpose of the questionnaires is 

to provide common instruments that can be used to obtain internationally comparable data on 

health–related physical activity. 

 

Background on IPAQ 

The development of an international measure for physical activity commenced in Geneva in 

1998 and was followed by extensive reliability and validity testing undertaken across 12 

countries (14 sites) during 2000.  The final results suggest that these measures have acceptable 

measurement properties for use in many settings and in different languages, and are suitable for 

national population-based prevalence studies of participation in physical activity. 

 

Using IPAQ  

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 

recommended that no changes be made to the order or wording of the questions as this will affect 

the psychometric properties of the instruments.  

 

Translation from English and Cultural Adaptation 

Translation from English is supported to facilitate worldwide use of IPAQ. Information on the 

availability of IPAQ in different languages can be obtained at  www.ipaq.ki.se. If a new 

translation is undertaken we highly recommend using the prescribed back translation methods 

available on the IPAQ website. If possible please consider making your translated version of 

http://www.ipaq.ki.se/
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IPAQ available to others by contributing it to the IPAQ website. Further details on translation 

and cultural adaptation can be downloaded from the website. 

 

Further Developments of IPAQ  

International collaboration on IPAQ is on-going and an International Physical Activity 

Prevalence Study is in progress. For further information see the IPAQ website.  

 

More Information 

More detailed information on the IPAQ process and the research methods used in the 

development of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. (2000).  

Assessment of Physical Activity: An International Perspective.  Research Quarterly for Exercise 

and Sport, 71 (2): s114-20.  Other scientific publications and presentations on the use of IPAQ 

are summarized on the website. 

 

 

 

 

http://www.ipaq.ki.se/
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

 

We are interested in finding out about the kinds of physical activities that people do as part of 

their everyday lives.  The questions will ask you about the time you spent being physically active 

in the last 7 days.  Please answer each question even if you do not consider yourself to be an 

active person.  Please think about the activities you do at work, as part of your house and yard 

work, to get from place to place, and in your spare time for recreation, exercise or sport. 

 

Think about all the vigorous activities that you did in the last 7 days.  Vigorous physical 

activities refer to activities that take hard physical effort and make you breathe much harder than 

normal.  Think only about those physical activities that you did for at least 10 minutes at a time. 

 

1. During the last 7 days, on how many days did you do vigorous physical activities like 

heavy lifting, digging, aerobics, or fast bicycling?  

 

_____ days per week  

 

   No vigorous physical activities  Skip to question 3 

 

 

2. How much time did you usually spend doing vigorous physical activities on one of those 

days? 

 

_____ hours per day  

_____ minutes per day  

 

  Don’t know/Not sure  
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Think about all the moderate activities that you did in the last 7 days.  Moderate activities refer 

to activities that take moderate physical effort and make you breathe somewhat harder than 

normal.  Think only about those physical activities that you did for at least 10 minutes at a time. 

 

 

3. During the last 7 days, on how many days did you do moderate physical activities like 

carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not include 

walking. 

 

_____ days per week 

 

   No moderate physical activities  Skip to question 5 

 

 

4. How much time did you usually spend doing moderate physical activities on one of 

those days? 

 

_____ hours per day 

_____ minutes per day 

 

  Don’t know/Not sure  

 

 

Think about the time you spent walking in the last 7 days.  This includes at work and at home, 

walking to travel from place to place, and any other walking that you have done solely for 

recreation, sport, exercise, or leisure. 

 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a time?   

 

_____ days per week 
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   No walking     Skip to question 7 

 

 

6. How much time did you usually spend walking on one of those days? 

 

_____ hours per day 

_____ minutes per day  

 

  Don’t know/Not sure  

 

 

The last question is about the time you spent sitting on weekdays during the last 7 days.  Include 

time spent at work, at home, while doing course work and during leisure time.  This may include 

time spent sitting at a desk, visiting friends, reading, or sitting or lying down to watch television. 

 

7. During the last 7 days, how much time did you spend sitting on a week day? 

 

_____ hours per day  

_____ minutes per day  

 

  Don’t know/Not sure  

 

 

This is the end of the questionnaire, thank you for participating. 
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