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Abstract
Purpose of Review Metabolic comorbidities including diabetes, obesity, dyslipidemia, and hypertension, all of which are tradi-
tional cardiovascular disease risk factors that are highly prevalent in people with HIV (PWH). Bone disease including osteopenia,
osteoporosis, and fragility fractures is also prevalent in PWH. These comorbidities may be prevented and treated in part with
lifestyle modification, including changes to dietary and physical habits. The purpose of this review is to highlight recent literature
that characterizes current lifestyle habits in PWH as well as the effectiveness of lifestyle strategies to improve metabolic
comorbidities prevalent in PWH.
Recent Findings Recent studies have expanded our knowledge regarding the current lifestyle habits of PWH as well as the
potential for lifestyle modification to prevent or improve comorbidities prevalent in PWH. Clinical trials focusing on lifestyle
modification have shown some benefit of such interventions on traditional risk factors for comorbidities; however, significant
heterogeneity exists between studies and results are not consistent.
Summary Further clinical trials are needed including developing lifestyle strategies that are feasible, effective, and sustainable to
prevent and decrease prevalence of comorbidities in this population.
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Introduction

With improved management and advances in the treatment of
HIV infection, largely related to improvements in antiretrovi-
ral therapy (ART), people with HIV (PWH) are living longer.
The life expectancy of PWH onART has increased [1] [2] and
the prevalence of HIV globally, among people older than 50,
has been increasing steadily since the introduction of ART [3,
4]. Nonetheless, as PWH live longer, multiple comorbidities
that may prevent life expectancy from reaching that of the
general population are becoming more prevalent, and strate-
gies tailored for PWH are needed to delay onset and treat these
comorbidities.

It is estimated that the proportion of PWH, with at least one
metabolic comorbidity, including hypertension, dyslipidemia,
and diabetes, will increase from 29% to 85% between 2010
and 2030 [4]. Observational studies assessing weight status in
PWH revealed that the proportion of PWHwho were obese at
ART initiation increased from 9% in 1998 to 18% in 2010 [5].
Another large observational study in ART naïve participants
with HIV noted that the proportion who were overweight/
obese increased from 25% to 40% after 144 weeks of ART.
In a recent meta-analysis, to estimate the relative risk of inci-
dent acute myocardial infarction (AMI) and simultaneously
understand the effect of traditional and HV-related cardiovas-
cular risk factors, Rao et al. found that PWH had a 2-fold
higher AMI risk, as previously reported [6, 7], and that dys-
lipidemia, hypertension, and smoking were independently as-
sociated with AMI in PWH [8], while bone disease including
osteopenia, osteoporosis and fragility fractures are also prev-
alent in this population [9–11]. In the general population, life-
style modification interventions have been associated with
improvements in metabolic comorbidities such as altered glu-
cose metabolism, hypertension and dyslipidemia, bone dis-
ease, decreased incidence of cardiometabolic disease and
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incidence of CVD, fragility fracture, as well as all-cause mor-
tality and life expectancy [12–16]. Modification of dietary and
physical activity habits are considered first line approaches for
the prevention and management of cardiovascular disease
(CVD) and bone disease and their associated risk factors in
the general population [17, 18]. The primary care guidelines
for the management of PWH endorse recommendations based
on the general population as first line prevention and manage-
ment for these comorbidities [19]. However, developing rele-
vant lifestyle modification strategies tailored for PWH is es-
sential and may prove to be more successful to prevent and
treat metabolic comorbidities in this population. Treating HIV
infection with effective ART, integrating prevention and man-
agement strategies to prevent metabolic comorbidities early
during HIV infection, is essential to maintain and improve
upon advances made thus far in the life expectancy of PWH.

Current Lifestyle Habits and Relationship
with Metabolic Comorbidities in PWH

Dietary Intake

A healthy diet is associated with lower risk of metabolic co-
morbidities prevalent in PWH, and there is evidence that in the
general population, a diet that meets current dietary recom-
mendations, as measured by diet quality scores, may prevent
or delay the onset of metabolic comorbidities [20, 21]. Studies
evaluating diet quality in PWH have recently been reported.
Utilizing the healthy eating index (HEI) [22] to measure con-
formance to dietary guidelines, studies have shown that HEI
scores are usually reported around 50 (out of 100) [23–25].
This is lower than HEI scores in the general population [26]
and indicates that PWH are not conforming with current die-
tary guidelines.

Although HIV has historically been related to decreased
appetite and low energy intake [27], recent data show that
energy intake in PWH is equivalent to or exceeds that of
individuals without HIV [28, 29]. Comparing dietary intake
utilizing 4-day food records or 24-h recall between PWH and
without HIV, Joy et al. [28] demonstrated increased intake of
total fat, saturated fat, and dietary cholesterol in PWH. Among
those with HIV, saturated fat intake was positively related to
serum triglycerides. Administering a validated food frequency
questionnaire to 395 PWH in the Swiss HIV cohort study,
Marzel et al. [30] found that the combined consumption of
meat, refined grains, carbonated beverages, and coffee was
positively associated with measures of dyslipidemia.

Evaluating dietary habits associated with bone disease,
Galli et al. found among a majority cohort of males that less
than half (40%) had optimal daily calcium intake of >
1000 mg daily [31], participants with less than optimal daily
calcium intake were more likely to have femoral osteoporosis

measured by dual-energy X-ray absorptiometry (DXA).
Serum vitamin D levels have also been observed to be low
in this population [32, 33].

Physical Activity

In PWH, physical inactivity has been related to cardiometa-
bolic comorbidities including increased waist-to-hip ratio
(WHR), hypertension, and diabetes [34, 35]. Current guide-
lines for adults recommend at least 150 min of moderate-
intensity physical activity each week [36, 37]. In a systematic
review of physical activity in adults with HIV, an estimated
50% of PWH worldwide met the recommendations of
150 min of moderate-intensity physical activity per week [38].

Benefits of physical activity have been demonstrated in
studies examining the effect of physical activity on cardiovas-
cular health in PWH. A nested study within the SATURN-
HIV study [39] evaluated measures of physical activity by
questionnaire in 147 participants enrolled in the study.
Measures of cardiometabolic health, inflammation, and surro-
gate markers of CVD were performed. Participants who re-
ported engaging in at least 2.5 h per week of moderate-
intensity exercise, therefore meeting current physical activity
guidelines, had lower levels of inflammatory markers as well
as evidence of subclinical CVD [35]. In a secondary analysis
of baseline data to explore the relationship of physical activity
on bone health, also from the SATURN-HIV study [40],
among participants meeting physical activity guidelines,
moderate-to-vigorous activity was a significant predictor of
hip BMD even controlling for potential confounders.
Another recent study directly measuring physical activity uti-
lizing accelerometers for 7 consecutive days in a group of men
living with HIV found that compared with controls, men with
HIVachieved an average of 55 min per day of engagement in
moderate-to-vigorous physical activity compared with 31 min
per day by the controls. Among the men with HIV, there was a
significant inverse relationship between total time spent doing
moderate-intensity activity with both triglyceride level and
measures of insulin resistance; there was also a significant
association between the presence of metabolic syndrome and
physical inactivity [41]. Thereby demonstrating that meeting
current physical activity guidelines does benefit on cardiovas-
cular health among PWH.

Several recent studies have explored barriers and facilita-
tors to achieve physical activity and dietary recommendations.
In a recent systematic review, to better understand barriers and
facilitators to participate in physical activity by PWH,
Vancampfort et al. [42] found that low physical activity was
related to several factors including older age and lower edu-
cation level as well as HIV-specific factors including lower
CD4, exposure to ART, and presence of lipodystrophy.
Additional barriers expressed by PWH to physical activity
and diet reported in the literature include low socioeconomic
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status, perceptions of decreased weight as health risk, housing
instability as well as lack of social support. Facilitators include
the quality of the patient-provider relationship, social support
from friends and family, and self-motivation [43–46].
Lifestyle modification interventions that address participant-
identified barriers and facilitators offer a more patient-
centered approach (in contrast to a one size fits all approach)
ultimately impacting engagement, increasing adherence and
response to the intervention being tested, and ultimately result
in better outcomes.

Diet and Physical Activity Status by Sex in PWH

Sex-specific differences in lifestyle habits exist between wom-
en and men with HIV. In a recent study evaluating diet quality
in a cross-sectional evaluation of adults with HIV, women had
significantly lower total HEI score as compared with men. In
this evaluation, women had lower consumption of vegetables
coupled with higher consumption of refined grains compared
with their male counterparts [23]. Physical activity also differs
between women with HIV compared with their male counter-
parts. Among women with HIV in the southern part of the
USA, 84% reported no vigorous physical activity and 48%
reported no moderate-intensity activity in the previous 7 days
while the minutes per week of physical activity was also re-
ported to be 32.5 min per week which is substantially lower
than the 150 min per week recommended by the guidelines
[44]. Describing differences in exercise patterns between men
and women with HIV, Webel et al. [47] found that during
middle adulthood, there was a significant difference in quan-
tity of exercise between women and men (2.4 h per week vs.
4.5 h per week, women vs. men) and the most common form
of exercise was walking. These differences are important to
consider when evaluating response or benefit of lifestyle
modification.

Metabolic Comorbidity Care for PWH: Status
of Prevention and Treatment

Understanding the provision of care for metabolic comorbid-
ities as well as the status of preventative counseling and treat-
ment is important to evaluate the quality of care PWH receive
and inform future practice to improve prevention and care in
this regard. Exploring the quality of cardiovascular preventa-
tive care from a US national representative sample of individ-
uals with and without HIV, between 2006 and 2013, Ladapo
et al. [48] found that only 14.9% of PWHwith any risk factors
for cardiovascular disease received diet and/or exercise
counseling while only 18.8% of smokers received smoking
cessation advice/pharmacotherapy; rates of counseling de-
creased during the study period and although preventative
counseling was not statistically different between individuals

with and without HIV, these findings demonstrate very low
rates of preventative counseling in general and an increased
need for increased lifestyle counseling to prevent CVD [48].
In a study utilizing electronic medical record (EMR) review to
evaluate the prevalence of cardiometabolic comorbidities in
an urban cohort of PWH, the investigators found that while
the prevalence of cardiometabolic comorbidities was high,
evidence of treatment for comorbidities was lacking in the
EMR, 40% lacked evidence of treatment for diabetes, 66%
lacked evidence of treatment for dyslipidemia, and 38%
lacked evidence of treatment for hypertension [49].

Few recent studies have evaluated the quality of care re-
ceived by PWH regarding the prevention and treatment of
bone disease. A recent study conducted among PWH attend-
ing a clinic in Australia found that only 61% who met guide-
lines for BMD screening had had recent BMD assessment.
This study did not evaluate preventative counseling on life-
style practices for the prevention and treatment of bone dis-
ease. However, among those PWH who also had a diagnosis
of osteoporosis, 78%were treated with vitamin D and calcium
[50]. Alvarez et al. [51] explored providers’ perspectives on
screening practices for bone disease and found that key bar-
riers were lack of HIV-specific guidelines and lack of access to
DXA machines for screening. Practices regarding patient ed-
ucation on the prevention of bone disease were not reported.

The Effects of Lifestyle Modification
on Metabolic Parameters in HIV

The literature reviewed suggests that a large proportion of
PWH do not meet the current diet and physical activity rec-
ommendations and there continues to be a great need to de-
velop effective lifestyle modification strategies to help PWH
meet diet and physical activity recommendations as one tool
to prevent or mitigate metabolic comorbidities in this popula-
tion. Despite clear recommendations for the general popula-
tion regarding the prevention and management of metabolic
abnormalities, there are no specific strategies developed in
HIV. Several studies have attempted to fill this gap in the
literature with varied results thus far. The following is a sum-
mary of a variety of lifestyle modification interventions con-
ducted in adults with HIV, within the past 5 years (2014 to
present), to evaluate the effects of lifestyle modification inter-
ventions on metabolic parameters in PWH. The goal of any
lifestyle modification is to produce sustainable, beneficial
changes in physical activity, diet, and ultimately improve car-
diovascular disease and bone disease risk factors to delay on-
set or manage metabolic comorbidities prevalent in this pop-
ulation. Below is a narrative review of contemporary lifestyle
modification approaches summarized with these goals in
mind.
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Recent Interventions Evaluating the Effects
of Lifestyle Modification Metabolic Parameters

Recent studies evaluating the effects of a physical activity
intervention on cardiometabolic parameters in PWH have
utilized a variety of interventions including type of activ-
ity (aerobic, resistance/strength training, or both)
(Table 1). Short study duration, ranging from weeks (8–
12 weeks) [52–54, 56] to 12 months [55], and sample
sizes have been relatively small (15–90 participants).
Improvements in cardiometabolic indices including lipid
profile, blood pressure, glucose/insulin, and body compo-
sition have been inconsistent across studies due to differ-
ences between interventions. Cutrono et al. [54] found an
effect of a combined aerobic (walking) and resistance
training to decrease prevalence of metabolic syndrome
from baseline although the difference was not significant
and there was no control group for comparison. The ef-
fects of a walking program on cardiometabolic parameters
were superior to a walking program with circuit training.
Sixty minutes of brisk walking, 3 times a week for
12 weeks, was effective to decrease total cholesterol and
LDL cholesterol as well as body composition measures
including weight, BMI, and waist-to-hip ratio, while
adding 30 min of circuit training was only effective to
decrease LDL cholesterol [53]. These findings agree with
other studies [57] that increasing exercise intensity does
not appear to provide added benefit to improve CVD risk
factors. None of the studies reported adverse effects for
any of the physical activity interventions and for studies
that included a control group; moderate exercise whether
it is aerobic activity or resistance training demonstrated
benefits over no exercise at all. The strengths of recent
physical activity interventions including the majority eval-
uated the effects of an easily replicable activity (walking
or treadmill), strong representation of women in most
studies, although not all, and the interventions were car-
ried out in high-resourced and low-resourced settings.

Recent interventions have been conducted to evaluate the
effects of dietary modification on cardiometabolic indices
among PWH (Table 2). An intervention compared the effects
of dietary advice to reduce saturated fat versus Mediterranean
diet over 6 months [59]. Men and women with HIV, on ART
and elevated LDL, were randomized to standard recommen-
dations (low saturated fat diet) or Mediterranean diet.
Participants randomized to the Mediterranean diet group had
significant reduction in LDL cholesterol, total to HDL choles-
terol ratio, and systolic blood pressure compared with those in
the low saturated fat diet group. No effects on body composi-
tion parameters were reported. In a more intensive approach,
Reeds et al. [58] tested a weight loss program in obese women
with HIV (compared with obese women without HIV) to test
if HIV infection itself impairs beneficial metabolic effects of

weight loss. The intervention consisted of a prepared diet
resulting in a 1000 kcal/day energy deficit; participants re-
ceived weekly dietary counseling and meal replacements to
replace two meals per day. Among the participants who met
the weight loss goal, women with HIV experienced a 7.7%
weight loss which resulted in improved cardiometabolic indi-
ces including a decrease in visceral adipose tissue, multiorgan
insulin sensitivity measured by hyperinsulinemic-euglycemic
clamp, systolic, and diastolic blood pressure. However, nei-
ther basal plasma insulin nor lipid profile improved. Both
studies were conducted in high-resourced settings, represen-
tation of women was strong; however, the proportion of par-
ticipants completing each study was low. Sixty-five percent of
women with HIV completed the intensive weight loss pro-
gram while 93% of participants completed the 6-month inter-
vention to assess the effects of dietary advice; however, de-
spite high completion rates in this study, mean adherence to
Mediterranean diet advice was low at 59%.

Several recent studies have evaluated the effects of inter-
ventions utilizing concurrent modifications in diet and physi-
cal activity to improve cardiometabolic abnormalities
(Table 3). Two of these recent studies highlighted below uti-
lized approaches that attempted to address barriers to lifestyle
modification as reported by PWH. These recent studies incor-
porated individual goal setting [61] and addressed social en-
vironments [24] as part of the intervention. In a mixed
methods exploratory study, to evaluate feasibility and effec-
tiveness of intensive physical activity and dietary intervention
to reduce type 2 diabetes risk in PWH with impaired glucose
tolerance, Duncan et al. [61] utilized an individualized advice
approach to achieve 10 standardized lifestyle goals (i.e.,
achieve 7% weight loss, decrease saturated fat to < 10% total
daily energy intake, sodium restriction of < 2.5 g daily, and
10,000 steps/day) over 6 months. This individualized lifestyle
modification approach significantly improved several cardio-
metabolic indices, including fasting serum glucose, insulin,
HDL cholesterol, triglyceride, weight, waist circumference,
systolic, and diastolic blood pressure, as was the 10-year
CVD risk. Most participants in this study were male (75%)
and 22% of the participants achieved 6 or more of the lifestyle
goals; reduction of sodium and added sugar intake, as well as
attaining 10,000 steps per day were the most common goals
achieved. However, as this was a pilot study, there was no
comparator group. Another recent study implemented a be-
havior change program to facilitate intervention goals for diet
and physical activity. Webel et al. enrolled PWH at high risk
for CVD as calculated by the Framingham risk score and
randomized participants to a 6-month behavior change to im-
prove diet and physical activity behaviors compared with en-
hanced usual care. Compared with enhanced usual care, be-
havior change participants consumed fewer carbohydrates and
lost a significant amount of body weight after 6 months. The
change in body weight was found to be directly related to a
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reduction in carbohydrates and sugar-sweetened beverages
[24]. While each of these studies demonstrates varied find-
ings, due to their differences in design and participant popu-
lation, there were positive effects of each intervention likely
due to the approach taken to address barriers to lifestyle
modification.

Few recent studies have evaluated the effects of a physical
activity intervention, dietary intervention, or both on bone
disease in PWH. One recent study by Santos et al. [64] eval-
uated a 12-week supervised strength training program among
20 sedentary PWH with low BMD. There were significant
increases in BMD of the lumbar spine, femoral neck and 1/3
distal radius after the intervention, demonstrating that super-
vised intensive exercisemay be beneficial in this population to
improve bone disease. High-dose vitamin D and calcium sup-
plementation attenuated bone loss associated with ART initi-
ation [65], among postmenopausal women with HIV, Yin
et al. [66] observed that supplementation with either
1000 IU (low) or 3000 IU (moderate) vitamin D mitigates
bone loss at some but not all bone sites evaluated and there
was no difference between low- and moderate-dose vitamin
D. Larger, longer studies are needed to understand if these
effects are sustainable in PWH, and primary prevention stud-
ies are needed to evaluate if providing physical activity and
recommendations for calcium and vitamin D is beneficial to
prevent bone disease and subsequently fragility fractures in
this population.

Conclusions

Lifestyle modification has shown to be highly effective
to improve metabolic morbidities in the general popula-
tion. In the setting of HIV, the benefits of lifestyle
modification neither contribute to the heavy pill burden
experienced by PWH nor confer additional risk for ad-
verse effects. The interventions reviewed were limited
by relatively small sample sizes, with varied interven-
tions and were short in duration. Despite these limita-
tions, the literature reviewed demonstrates that PWH
can modify CVD risk and bone disease risk indices by
lifestyle modification, and strategies that address indi-
vidual barriers and social environment may be effective
for preventing and treating cardiometabolic comorbidi-
ties. Chronic co-morbid conditions including hyperten-
sion, diabetes, CVD, and bone disease are now a reality
in many living with HIV [6, 67], and lifestyle modifi-
cation interventions that do not also address social de-
terminants of health as part of the intervention will
likely not be effective or sustainable in this population.
Furthermore, many lifestyle interventions are multimod-
al, cover a broad range of dietary modification and
physical activity components simultaneously, and canTa
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be overwhelming and disempowering for some PWH if
positive results are not quickly achieved. Future lifestyle
interventions should attempt to understand current life-
style habits, potential barriers to change, and perceived
risk of change; lifestyle advice should be tailored to the
individual’s educational and socioeconomic status as
well as cultural background and environment. This
agrees with the current ACC/AHA guidelines for the
primary prevention of CVD [68] that recommend a
team-based care approach for the prevention of CVD;
the recommendations also advise clinicians to evaluate
the social determinants of health that may affect an
individual’s decision to inform decisions. This approach
may well be suited for PWH and future lifestyle mod-
ification interventions seeking to achieve effective, fea-
sible, and sustainable results to improve cardiometabolic
abnormalities should consider testing this type of inter-
vention in this population.
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