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Abstract Metabolic health is a cause for concern among

those living with HIV, especially those on antiretroviral

therapy. Physical activity (PA) is known to benefit meta-

bolic health, however, few studies have objectively mea-

sured PA or investigated the relationship between PA and

metabolic health among those living with HIV. In this

study, PA and indices of metabolic health among twenty

men living with HIV and twenty age matched HIV-nega-

tive men were measured. PA was measured using Acti-

graph accelerometers. Components of the metabolic

syndrome and insulin resistance were measured using

routine laboratory methods. Men living with HIV were

significantly more physically active than HIV-negative

men, and were reaching public PA guidelines. Significant

inverse correlations between moderate PA and both insulin

resistance (q -0.847; p\ 0.001) and triglycerides (q
-0.575; p = 0.013) were seen in those living with HIV.

Results of this study emphasize the importance of an active

lifestyle for those living with HIV.

Resumen La salud metabólica es un motivo de preocu-

pación para las personas que viven con el VIH, en concreto

para las que siguen tratamiento antirretrovı́rico. Se ha

demostrado que la actividad fı́sica (AF) es beneficiosa para

la salud metabólica. No obstante, muy pocos estudios han

medido de forma objetiva la AF o investigado la relación

existente entre la AF y la salud metabólica en personas que

viven con el VIH. En este estudio se han medido la AF y

los ı́ndices de salud metabólica en veinte hombres que

viven con el VIH y veinte hombres agrupados por edad no

infectados por el VIH. Para la medición de la AF se uti-

lizaron acelerómetros Actigraph. Los componentes del

sı́ndrome metabólico y la resistencia a la insulina se

midieron mediante métodos de laboratorio habituales. Los

hombres que viven con el VIH se mostraron mucho más

activos fı́sicamente que los hombres no infectados por el

VIH y se aproximaron a las directrices públicas de AF. Se

observaron correlaciones inversas significativas entre la AF

moderada y la resistencia a la insulina (q -0.847;

p\ 0.001) y los triglicéridos (q -0.575; p = 0.013) en

personas que viven con el VIH. Los resultados de este

estudio hacen hincapié en la importancia de un estilo de

vida activo para aquellos que viven con el VIH.

Keywords HIV � Physical activity � Metabolic syndrome �
Sedentary behavior

Introduction

The post combination antiretroviral therapy (ART) era has

seen a dramatic change in the lives and longevity of people

living with HIV. HIV is no longer fatal and is now con-

sidered a chronic disease. As such, the medical needs of

those living with HIV have changed. Chronic conditions

such as cardiovascular disease are now among the most

common causes of death for people living with HIV

[1].The side effects of ART, which directly alter metabolic

processes, contribute greatly to the acceleration of chronic

disease processes in this population [2]. Common side
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effects of ART include hypertension, high triglycerides and

cholesterol, impaired fasting glucose and lipodystrophy [3].

Effective treatment for the poor metabolic profile seen in

those living with HIV has not yet been established. Despite

the high prevalence of the metabolic syndrome in this

population [4] there is a dearth of information on the

effects of lifestyle factors such as physical activity (PA) on

indices of metabolic health in people living with HIV.

Current PA guidelines recommend that all adults accu-

mulate 30 min of moderate intensity PA on 5 or more days

a week, or 150 min of moderate PA a week comprising

bouts lasting at least 10 min [5]. The approximate equiv-

alent in steps is 10,000 steps a day. PA is safe, [6] has

known benefits for those living with HIV [6, 7], and is an

independent predictor of the metabolic syndrome among

people living with HIV [8]. Despite this, the average

quantity (i.e. total time) and pattern (i.e. the breakdown of

duration and intensity per activity bout) of PA among those

living with HIV are unclear. In a systematic review

Schuelter-Trevisol concluded that study methodologies and

the definition of PA between studies differed too much to

enable a pooled estimate describing PA patterns of people

living with HIV [9]. Various self-report questionnaire

methods have been used to assess PA among people living

with HIV, however the measurement properties of PA

questionnaires, including their validity, are poor [10] and

have been shown to result in overestimation and underes-

timation in patient populations [11, 12], including those

living with HIV [13]. Accelerometers are therefore gen-

erally considered a more valid method of measuring

habitual PA. Few studies have used accelerometers to

measure PA in people living with HIV [13–15] or com-

pared PA to an HIV-negative control group [16–20]. One

of the main benefits of PA for those living with HIV is the

potential benefit on metabolic health.

The objectives of this study were to objectively measure

the quantity of PA men living with HIV are engaging in,

and to compare this to a population of age matched HIV-

negative men and public PA recommendations. It was also

an objective to investigate the association between indices

of metabolic health and PA.

Methods

This study was approved by the Joint Research Ethics

Committee of the Adelaide and Meath Hospital, incorpo-

rating the National Children’s Hospital and St. James’s

Hospital, and has been performed in accordance with the

ethical standards as laid down in the 1964 Declaration of

Helsinki and its later amendments or comparable ethical

standards. Participants living with HIV were recruited from

an outpatient clinic at St. James’s Hospital. The clinic in

question is the largest, free STI, HIV and Infectious Dis-

ease service in Ireland and is located in Dublin, Ireland’s

capital city. Eligible candidates were contacted about the

study by phone, those who expressed an interest were

subsequently posted an information leaflet and informed

consent form. Those who returned completed consent

forms were contacted again by phone to arrange a time to

meet with a member of the research team. Age-matched

control subjects comprised a convenience sample recruited

through the staff at St. James’s Hospital and from the local

community. Informed consent was obtained from all indi-

vidual participants included in the study.

Height was measured to the nearest 0.1 cm with a Seca

220 stadiometer during inhalation wearing no shoes.

Weight was determined to the nearest 0.1 kg on Seca

scales, wearing no shoes. BMI was calculated as kg.m-2.

Venous blood samples were taken at a routine clinic visit

within 12 weeks of physical activity data collection. Glu-

cose, insulin resistance, total cholesterol, triglycerides, and

both high and low density lipoprotein cholesterol (HDL

and LDL) were measured by routine laboratory methods

following an overnight fast of at least 8 h. The Interna-

tional Diabetes Federation consensus worldwide definition

of the metabolic syndrome was used to categorise partici-

pants as having or not having the metabolic syndrome [21].

PA was measured using ActiGraph GT3X? triaxial

accelerometers (48 E. Chase Street, Pensacola, FL 32502).

These triaxial accelerometers measure movement on three

planes to give an accurate representation of the quantity

and pattern of PA while worn. In line with current rec-

ommendations for accelerometer use for the measurement

of habitual physical activity [22, 23] participants were

asked to wear the accelerometer at the level of their right

hip during waking hours for 7 consecutive days, and were

required to remove it when swimming, showering or

bathing. A day of accelerometer data was considered valid

if the participant wore the device for at least 10 h on that

day [22]. As the actigraph is designed to detect acceleration

and is not waterproof, it is not capable of measuring all

types of exercise (e.g. water-based sports and resistance

training). Participants were therefore asked to detail

physical activities carried out, as well as the time they put

the device on in the morning and took it off at night, in a

diary provided to them by the research team.

Upon returning the accelerometers, Actigraph files were

downloaded to the Actilife v 6.9.2 software programmes as

GT3x files containing the raw data. These files were then

exported as AGD files. An epoc length of 60 s was used.

Exercise bouts and cut points for light, moderate and vig-

orous activity were determined using the system software

of Actigraph (Freedson method). During accelerometer

activation, unique identifier codes were used. The same

codes were used to identify activity diaries. Accelerometer
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data analysis was therefore carried out without knowledge

of which group each participant was in. Exercise not

detected by the Actigraph such as that accumulated through

resistance training or water-based sports were manually

added to Actigraph PA data. The intensity of these activ-

ities were determined from the compendium of physical

activities for adults [24].

All participants were measured in the same clinic using

the same protocol. Statistical analysis was carried out using

IBM SPSS Version 22 with p\ 0.05 considered statisti-

cally significant. Data were checked for normality using the

Kolmogorov–Smirnov Test. Where it was discovered that

variables did not follow a normal distribution, non-para-

metric analysis was used. Differences between groups were

analysed using t-tests or Mann–Whitney U tests where

appropriate. Associations between variables were analysed

using Spearman and Pearson correlations where appropri-

ate. Factorial ANOVA was used to determine whether

there was a significant difference in MVPA between group

(HIV-positive and HIV-negative) and presence of the

metabolic syndrome (present or absent).

Results

Twenty men living with HIV and twenty age-matched

HIV-negative men were recruited and consented to take

part in the study. Participants were self-reported as well as

biologically male. Data from one accelerometer was

invalid and could not be used. Two participants dropped

out and did not complete the study. Thus analysis was

carried out on 37 men (19 in the control group and 18 in the

HIV positive group). Characteristics of each group are

detailed in Table 1. By study design, the age of participants

did not differ between groups (p = 0.709). Mean age of

those with HIV was 46 (SD12) and mean age of those

without HIV was 45 years (SD 11). There was no differ-

ence between groups in smoking status, pack years, alcohol

consumption of family history of a cardiac event. In the

HIV-negative group 11 men reported that they were current

or past smokers whereas 10 men reported that they were

current or past smokers in the HIV-positive group.

Those living with HIV accumulated an average of

33 min of PA daily in bouts of at least 10 min. This

exceeds minimal daily PA recommendations. HIV-nega-

tive participants accumulated a daily average of 16 min PA

a day in bouts of at least 10 min. When bout length was not

taken into account those living with HIV were shown to

achieve an average of 55 min engaging in moderate to

vigorous intensity PA daily. This was significantly longer

than the HIV-negative group (Table 1). When analysed

individually, just over half of the control population (10

men) had achieved PA recommendations whereas 15 of

those living with HIV reached the recommendations.

Examination of the pattern of PA accrual revealed that the

difference between groups was due to those living with

HIV engaging in significantly more bouts of PA and bouts

being longer in duration. Those living with HIV were

accumulating an average daily step count that was slightly

below the recommended 10,000 steps, which may be

explained by some PA being accumulated through non-

ambulatory methods.

There was no significant difference between groups in

total cholesterol, triglycerides, HDL, LDL, or any other

blood marker measured. Four people in each group (ap-

proximately 21%) were considered to have the metabolic

syndrome [21].

Among those living with HIV, correlation analysis

revealed a significant inverse relationship between total

time spent in moderate intensity activity and both insulin

resistance and triglycerides (q -0.847; p\ 0.001 and q
-0.575; p = 0.013 respectively). Total time spent in

moderate to vigorous PA (MVPA) was also significantly

correlated with both insulin resistance (q -0.785;

p\ 0.001) and triglycerides (q -0.484; p = 0.042). No

significant correlations between the quantity or pattern of

PA and indicators of metabolic health were seen in the

HIV-negative group. No significant correlations were seen

between other PA variables (light intensity PA, duration of

bouts or frequency of bouts) with indices of metabolic

health.

To determine whether activity levels differed between

those with the metabolic syndrome and those without the

metabolic syndrome factorial ANOVA was conducted with

group (HIV-positive and HIV-negative) and presence of

the metabolic syndrome (having the metabolic syndrome or

not having the metabolic syndrome) as fixed factors and

total minutes of MVPA as the dependent variable. Results

revealed a significant difference between those with and

without the metabolic syndrome F(1,33) = 7.78,

p = 0.009, and a significant interaction between group and

presence of metabolic syndrome F(1,33) = 6.58,

p = 0.015. Those with the metabolic syndrome engaged in

significantly less moderate to vigorous physical activity

(23 min; SD 8) than those without the metabolic syndrome

(49 min; SD 4). The mean difference between groups was

26 min with a standard error of 9 min. The group with the

lowest levels of physical activity were those living with

HIV who also had the metabolic syndrome (Fig. 1).

Discussion

This study described the quantity and pattern of PA among

a small sample of men living with HIV and compared them

with a control group of age-matched HIV-negative men.
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Significant differences were seen in both the quantity and

pattern of PA acquired. Those living with HIV were

engaging in significantly more moderate to vigorous PA

than the HIV-negative group. Those living with HIV were

acquiring more bouts of PA and engaging in longer bouts

than the HIV-negative group. Previous studies comparing

PA between those living with HIV and a control population

have found those living with HIV to be less active [16, 19],

or have found no difference between groups [20]. One

study reported those living with HIV to be more active

[18]. The discrepancy in results between the current study

and those previously reported may be explained by dif-

ferences in measurement methods and population charac-

teristics. Previous studies comparing those living with HIV

to a control populations used questionnaires to assess PA

[16, 18–20].

Interestingly, there was no difference between groups in

sedentary behaviour. The quantity of time spent being

sedentary however, is a cause for concern. Sedentary

behaviour has been shown to be an independent risk factor

Table 1 Participant characteristics, physical activity and venous blood results

N = 37

(19 HIV-, 18 HIV ?)

HIV-negative HIV-positive Difference between groups

Mean or median SD Mean or median SD

Height (cm) 178 7 178 7 t(35) = 0.01, p = 0.99

Weight (kg) 86.8 12.8 85.3 9.3 t(35) = 0.41, p = 0.69

BMI (kg.m-2) 27 4 27 2.5 t(35) = 0.43, p = 0.67

Waist circumference (cm) 96 10 101 24 t(35) = 0.84, p = 0.41

Number of daily PA bouts 0.6 0.5 1.7 1.3 t(35) = -3.63, p\ 0.01a

Time spent in PA bouts a day (min) 16 16 33 24 t(35) = -2.54, p = 0.02a

Number of daily sedentary bouts 15 6 14 4 t(35) = 0.59, p = 0.56

Time spent in sedentary bouts a day (min) 323 140 299 96 t(35) = 0.61, p = 0.549

Sedentaryb (min) 526 490 U = 141, p = 0.36

Light PA (min a day) 230 87 248 91 t(35) = -0.60, p = 0.55

Moderate PA (min a day) 29 17 50 34 t(35) = -2.45, p = 0.02a

Vigorous PAb (min a day) 0.3 2 U = 160, p = 0.75

Total MVPA (min a day) 31 17 55 35 t(35) = -2.57, p = 0.02a

Steps a day 5946 2368 9016 4183 t(35) = -2.77, p\ 0.01a

Systolic BP (mmHg) 126 12 124 10 t(35) = 0.56, p = 0.58

Diastolic BP (mmHg) 81 9 78 6 t(35) = 1.18, p = 0.25

Total cholesterol (mmol/L) 4.92 1.08 4.72 0.91 t(35) = 0.60, p = 0.55

LDL (mmol/L) 2.91 1.01 2.62 0.84 t(35) = 0.94, p = 0.35

HDL (mmol/L) 1.38 0.26 1.34 0.38 t(35) = 0.37, p = 0.71

Triglycerideb s (mmol/L) 1.30 1.21 U = 152, p = 0.56

Fasting glucose (mmol/L) 5.0 0.6 5.2 0.5 t(35) = -1.14, p = 0.26

Insulin resistanceb (HOMA- IR) 1.35 1.40 U = 145, p = 0.59

Pack yearsb 0 0 U = 167, p = 0.65

Alcoholb (reported average units per week) 8 10 U = 169, p = 0.74

Note Results expressed in minutes are rounded to the nearest minute
a Indicates statistically significant difference between groups
b Indicates non-normally distributed data – median reported instead of mean and non-parametric tests performed

Min minutes

BP Blood Pressure

PA Physical activity

MVPA Moderate to Vigorous Physical Activity

LDL low density lipoprotein

HDL high density lipoprotein

Note that a bout of physical activity must last at least 10 consecutive minutes

Note that a sedentary bout must last at least 10 consecutive minutes
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for certain chronic diseases including certain cancers,

cardiovascular disease and the metabolic syndrome

[25–28]. There are currently no specific recommendations

for a safe length of time to be engaging in sedentary

behaviour. However, interventions aimed at reducing

sedentary behaviour may be of benefit to those living with

HIV.

This study also showed that men living with HIV were

achieving the quantity of PA recommended by general PA

guidelines [5]. This is surprising since, worldwide,

approximately 30% of adults are inactive [29] and rates of

inactivity are even higher in patient populations. High

levels of PA seen in this study could be attributed to

patients’ engagement with health care services which

advocate chronic disease self-management strategies such

as exercise. Recent years have seen an increase in efforts to

keep those living with HIV engaged in medical care [30].

There is also a possibility of selection bias whereby active

and engaged patients were more likely to volunteer to take

part in this study, however the same selection bias could be

argued for recruitment of the control group.

Although participants in this study living with HIV were

significantly more physically active than the HIV-negative

control group, the metabolic profile between groups was

similar. Overall the metabolic profile of both groups, as

well as the prevalence of the metabolic syndrome, was

similar to that reported in the wider Irish population [31].

PA is independently associated with the metabolic

syndrome among men living with HIV [8]. Our analysis

revealed an inverse association between moderate to vig-

orous PA and both insulin resistance and triglycerides in

this population. Previous studies in this area have sug-

gested an association between PA and both insulin resis-

tance [32] and triglycerides [33] without data achieving

statistical significance, or reported no associations between

PA and metabolic variables or the metabolic syndrome

[13, 33]. Jaggers et al. found a statistically significant

decrease in the number of metabolic syndrome components

with increasing PA [14], however in regression analysis

waist circumference was the only component of the

metabolic syndrome significantly predicted by moderate

PA levels [14]. Unlike in previous studies, associations

between PA and metabolic variables in the present study

may have reached significance due to the relatively high

quantity of PA those living with HIV were engaging in, and

the measurement method used. Using an accelerometer to

collect activity data likely increased the validity of the

analysis since it is an objective measure sensitive to small

differences in activity. Of the studies which have analysed

the association between components of the metabolic

syndrome and PA in men living with HIV, few have used

an objective measure of PA [13, 14].

Results of this study could be interpreted to suggest that

the intensity as well as the overall volume of PA accu-

mulated contribute to metabolic health in men living with

HIV. No significant associations were seen between

metabolic variables and the number of bouts of activity, or

time spent being sedentary. Although this study was cross

sectional in nature and therefore we cannot determine

causality, it is physiologically plausible that the PA levels

of those living with HIV in this study offset some of the

negative metabolic effects of their chronic condition. This

would explain why the incidence of the metabolic syn-

drome among those living with HIV in this study was the

same as that reported for the control group and the wider

Irish population. Furthermore interventional studies have

shown improvements in the metabolic profile of people

living with HIV with exercise [34–36]. It would be

expected however that levels of physical activity would

correlate with indices of metabolic health in the control

group as well as the HIV positive group. This was not the

case and could be attributed to the narrower range of

physical activity levels seen in the control group, or vari-

ables that were not assessed as part of this study such as

diet or occupation.

Interestingly, factorial analysis conducted as part of this

study revealed that being HIV-positive alone did not pre-

dict activity levels, but presence of the metabolic syndrome

did. More pertinent perhaps was the significant interaction

between the presence of HIV and presence of the metabolic

syndrome; those with both diagnosis, who would arguably

Fig. 1 Minutes of moderate to vigorous physical activity by group

and presence of the metabolic syndrome. MVPA; moderate to

vigorous physical activity
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benefit most from engaging in physical activity, were least

active. This result highlights the burden of multi-morbidity,

and raises the question of whether patients with dual

diagnosis, such as being HIV positive and having the

metabolic syndrome, should be targeted for interventions

encouraging physical activity, or provided with additional

supports to achieve physical activity goals.

Strengths and Limitations

A strength of this study is the use of accelerometers for the

quantification of physical activity levels. Accelerometers

are valid, reliable and enable researchers to gather detail

regarding the intensity of activity which is difficult to

ascertain from self-report measures. However this study

also comes with limitations. Firstly, the control group

chosen were a convenience sample who were age-matched

to the HIV-positive group, however they were not matched

for other variables known to effect physical activity and the

metabolic syndrome such as occupation, diet socio-eco-

nomic class. For this reason, the rate of the metabolic

disease and physical activity levels were also compared to

population norms. Furthermore, despite a lack of detailed

matching there was no difference between groups in body

mass, BMI, smoking status, pack years, or alcohol con-

sumption. It can therefore be deduced that the groups were

well matched with regards to risk factors for the metabolic

syndrome. It could be argued that the patient group

increased their activity due to the fact that they were

wearing an accelerometer. To determine whether such

performance bias was an issue, the first two days of

accelerometer data were omitted and analysis was repe-

ated. This did not significantly alter results, as such we are

confident that data collected is a valid reflection of habitual

physical activity.

Conclusion

The novelty of our findings is that the quantity and pattern

of objectively measured PA among those living with HIV

were compared with those of an age- and gender-matched

control group. Results of this study showed that those

living with HIV are achieving public PA recommendations

and that their metabolic profile is similar to that reported in

the wider Irish population [31]. As the prevalence of the

metabolic syndrome among people on ART is known to be

higher than that of the general population [4], it is possible

that the quantity of PA seen in the current study among

those living with HIV is protective against the negative

metabolic effects of ART. As this study was cross sec-

tional, direct causation cannot be assumed, however results

are encouraging for those living with HIV and highlight the

importance of an active lifestyle.

Acknowledgements Many thanks to the staff and patients of the

GUIDE clinic in Saint James’s Hospital for their participation and

support in carrying out this research.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical approval All procedures performed in studies involving

human participants were in accordance with the ethical standards of

the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical

standards. This article does not contain any studies with animals

performed by any of the authors.

Informed consent Informed consent was obtained from all individ-

ual participants included in the study.

References

1. Mayor AM, Gomez MA, Rios-Oliveras E, Hunter-Mellado RF.

Mortality trends of HIV-infected patients after the introduction of

highly active antiretroviral therapy: analysis of a cohort of 3,322

HIV-infected persons. Ethn Dis. 2005;15(4 Suppl 5):S5-57–62.

2. Leow MK, Addy CL, Mantzoros CS. Clinical review 159: human

immunodeficiency virus/highly active antiretroviral therapy-as-

sociated metabolic syndrome: clinical presentation, pathophysi-

ology, and therapeutic strategies. J Clin Endocrinol Metab.

2003;88(5):1961–76.

3. Anuurad E, Semrad A, Berglund L. Human immunodeficiency

virus and highly active antiretroviral therapy-associated meta-

bolic disorders and risk factors for cardiovascular disease. Metab

Syndr Relat Disord. 2009;7(5):401–10.

4. Lombo B, Alkhalil I, Golden MP, Fotjadhi I, Ravi S, Virata M,

et al. Prevalence of metabolic syndrome in patients with HIV in

the era of highly active antiretroviral therapy. Conn Med.

2015;79(5):277–81.

5. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte

MJ, Lee IM, et al. American College of Sports Medicine position

stand. Quantity and quality of exercise for developing and

maintaining cardiorespiratory, musculoskeletal, and neuromotor

fitness in apparently healthy adults: guidance for prescribing

exercise. Med Sci Sports Exerc. 2011;43(7):1334–59.

6. O’Brien K, Nixon S, Tynan AM, Glazier RH. Effectiveness of

aerobic exercise in adults living with HIV/AIDS: systematic

review. Med Sci Sports Exerc. 2004;36(10):1659–66.

7. Blashill AJ, Mayer KH, Crane H, Magidson JF, Grasso C,

Mathews WC, et al. Physical activity and health outcomes among

HIV-infected men who have sex with men: a longitudinal

mediational analysis. Ann Behav Med. 2013;46(2):149–56.

8. Alencastro PR, Fuchs SC, Wolff FH, Ikeda ML, Brandao AB,

Barcellos NT. Independent predictors of metabolic syndrome in

HIV-infected patients. AIDS Patient Care STDs.

2011;25(11):627–34.

9. Schuelter-Trevisol F, Wolff FH, Alencastro PR, Grigoletti S,

Ikeda ML, Brandao AB, et al. Physical activity: do patients

infected with HIV practice? How much? A systematic review.

Curr HIV Res. 2012;10(6):487–97.

1970 AIDS Behav (2018) 22:1965–1971

123



10. van Poppel MN, Chinapaw MJ, Mokkink LB, van Mechelen W,

Terwee CB. Physical activity questionnaires for adults: a sys-

tematic review of measurement properties. Sports Med.

2010;40(7):565–600.

11. Tierney M, Fraser A, Kennedy N. Criterion validity of the

international physical activity questionnaire short form (IPAQ-

SF) for use in patients with rheumatoid arthritis: comparison with

the SenseWear Armband. Physiotherapy. 2015;101(2):193–7.

12. Siebeling L, Wiebers S, Beem L, Puhan MA, Ter Riet G. Validity

and reproducibility of a physical activity questionnaire for older

adults: questionnaire versus accelerometer for assessing physical

activity in older adults. Clin Epidemiol. 2012;4:171–80.

13. Ramirez-Marrero FA, Rivera-Brown AM, Nazario CM, Rodri-

guez-Orengo JF, Smit E, Smith BA. Self-reported physical

activity in Hispanic adults living with HIV: comparison with

accelerometer and pedometer. J Assoc Nurses AIDS Care.

2008;19(4):283–94.

14. Jaggers JR, Prasad VK, Dudgeon WD, Blair SN, Sui X, Burgess

S, et al. Associations between physical activity and sedentary

time on components of metabolic syndrome among adults with

HIV. AIDS Care. 2014;26(11):1387–92.

15. Bopp CM, Phillips KD, Fulk LJ, Dudgeon WD, Sowell R, Hand

GA. Physical activity and immunity in HIV-infected individuals.

AIDS Care. 2004;16(3):387–93.

16. Smit E, Crespo CJ, Semba RD, Jaworowicz D, Vlahov D,

Ricketts EP, et al. Physical activity in a cohort of HIV-positive

and HIV-negative injection drug users. AIDS Care.

2006;18(8):1040–5.

17. Mohammed SS, Aghdassi E, Salit IE, Avand G, Sherman M,

Guindi M, et al. HIV-positive patients with nonalcoholic fatty

liver disease have a lower body mass index and are more phys-

ically active than HIV-negative patients. J Acquir Immune Defic

Syndr. 2007;45(4):432–8.

18. Fillipas S, Bowtell-Harris CA, Oldmeadow LB, Cicuttini F,

Holland AE, Cherry CL. Physical activity uptake in patients with

HIV: who does how much? Int J STD AIDS. 2008;19(8):514–8.

19. Jacobson DL, Tang AM, Spiegelman D, Thomas AM, Skinner S,

Gorbach SL, et al. Incidence of metabolic syndrome in a cohort

of HIV-infected adults and prevalence relative to the US popu-

lation (National Health and Nutrition Examination Survey).

J Acquir Immune Defic Syndr. 2006;43(4):458–66.

20. Mustafa T, Sy FS, Macera CA, Thompson SJ, Jackson KL,

Selassie A, et al. Association between exercise and HIV disease

progression in a cohort of homosexual men. Ann Epidemiol.

1999;9(2):127–31.

21. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,

Donato KA, et al. Harmonizing the metabolic syndrome: a joint

interim statement of the International Diabetes Federation Task

Force on Epidemiology and Prevention; National Heart, Lung,

and Blood Institute; American Heart Association; World Heart

Federation; International Atherosclerosis Society; and Interna-

tional Association for the Study of Obesity. Circulation.

2009;120(16):1640–5.

22. Colley R, Connor Gorber S, Tremblay MS. Quality control and

data reduction procedures for accelerometry-derived measures of

physical activity. Health Rep. 2010;21(1):63–9.

23. Tudor-Locke C, Johnson WD, Katzmarzyk PT. U.S. population

profile of time-stamped accelerometer outputs: impact of wear

time. J Phys Act Health. 2011;8(5):693–8.

24. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett

DR Jr, Tudor-Locke C, et al. 2011 Compendium of physical

activities: a second update of codes and MET values. Med Sci

Sport Exerc. 2011;43(8):1575–81.

25. Same RV, Feldman DI, Shah N, Martin SS, Al Rifai M, Blaha

MJ, et al. Relationship between sedentary behavior and cardio-

vascular risk. Curr Cardiol Rep. 2016;18(1):6.

26. Greer AE, Sui X, Maslow AL, Greer BK, Blair SN. The effects of

sedentary behavior on metabolic syndrome independent of

physical activity and cardiorespiratory fitness. J Phys Act Health.

2015;12(1):68–73.

27. Zhou Y, Zhao H, Peng C. Association of sedentary behavior with

the risk of breast cancer in women: update meta-analysis of

observational studies. Ann Epidemiol. 2015;25(9):687–97.

28. Edwardson CL, Gorely T, Davies MJ, Gray LJ, Khunti K, Wilmot

EG, et al. Association of sedentary behaviour with metabolic

syndrome: a meta-analysis. PLoS ONE. 2012;7(4):e34916.

29. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Eke-

lund U, et al. Global physical activity levels: surveillance pro-

gress, pitfalls, and prospects. Lancet. 2012;380(9838):247–57.

30. Rowan SE, Burman WJ, Johnson SC, Connick E, Reirden D,

Daniloff E, et al. Engagement-in-care during the first 5 years

after HIV diagnosis: data from a cohort of newly HIV-diagnosed

individuals in a large US city. AIDS Patient Care STDs.

2014;28(9):475–82.

31. Villegas R, Creagh D, Hinchion R, O’Halloran D, Perry IJ.

Prevalence and lifestyle determinants of the metabolic syndrome.

Ir Med J. 2004;97(10):300–3.

32. Gavrila A, Tsiodras S, Doweiko J, Nagy GS, Brodovicz K, Hsu

W, et al. Exercise and vitamin E intake are independently asso-

ciated with metabolic abnormalities in human immunodeficiency

virus-positive subjects: a cross-sectional study. Clin Infect Dis.

2003;36(12):1593–601.

33. Shah M, Tierney K, Adams-Huet B, Boonyavarakul A, Jacob K,

Quittner C, et al. The role of diet, exercise and smoking in dys-

lipidaemia in HIV-infected patients with lipodystrophy. HIV

Med. 2005;6(4):291–8.

34. Jones SP, Doran DA, Leatt PB, Maher B, Pirmohamed M. Short-

term exercise training improves body composition and hyper-

lipidaemia in HIV-positive individuals with lipodystrophy. AIDS.

2001;15(15):2049–51.

35. Thoni GJ, Fedou C, Brun JF, Fabre J, Renard E, Reynes J, et al.

Reduction of fat accumulation and lipid disorders by individu-

alized light aerobic training in human immunodeficiency virus

infected patients with lipodystrophy and/or dyslipidemia. Dia-

betes Metab. 2002;28(5):397–404.

36. Yarasheski KE, Tebas P, Stanerson B, Claxton S, Marin D, Bae

K, et al. Resistance exercise training reduces hypertriglyc-

eridemia in HIV-infected men treated with antiviral therapy.

J Appl Physiol (1985). 2001;90(1):133–8.

AIDS Behav (2018) 22:1965–1971 1971

123


	Physical Activity is Associated with Metabolic Health in Men Living with HIV
	Abstract
	Resumen
	Introduction
	Methods
	Results
	Discussion
	Strengths and Limitations
	Conclusion
	Acknowledgements
	References




