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Abstract
We recently reported that a 12-week internet weight loss program produced greater weight losses than education control in 
overweight/obese people living with HIV (PLWH) (4.4 kg vs 1.0 kg; p < 0.05). This manuscript presents the changes in diet, 
physical activity, behavioral strategies, and cardio-metabolic parameters. Participants (N = 40; 21 males, 19 females) were 
randomly assigned to an internet behavioral weight loss (WT LOSS) program or internet education control (CONTROL) 
and assessed before and after the 12-week program. Compared to CONTROL, the WT LOSS arm reported greater use of 
behavioral strategies, decreases in intake (− 681 kcal/day; p = 0.002), modest, non-significant, increases in daily steps (+ 1079 
steps/day) and improvements on the Healthy Eating Index. There were no significant effects on cardio-metabolic parameters. 
The study suggests that a behavioral weight loss program increases the use of behavioral strategies and modestly improves 
dietary intake and physical activity in PLWH. Further studies with larger sample sizes and longer follow-up are needed.
Clinical Trials Registration: NCT02421406.
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Introduction

With the recent improvements in the treatment of HIV, indi-
viduals with this disease are now living longer and facing 
new challenges. Whereas concerns about wasting and lipo-
dystrophy, or abnormal fat distribution, are less common, 
people living with HIV (PLWH) now struggle with obesity 
and obesity-related health problems, such as diabetes and 

heart disease [1–4]. The rates of obesity in PLWH in the US 
now parallel those seen in the general population [5] and 
the rates of diabetes and heart disease exceed those seen 
in adults without HIV [6–10]. This may be attributable to 
findings that many PLWH consume diets of poor quality 
[11] and have low levels of physical activity [12, 13], both 
of which contribute to the development of obesity and its 
comorbidities. Consequently, there is a great need to develop 
lifestyle interventions that improve dietary intake, increase 
physical activity and reduce cardio-metabolic risk in PLWH.

We recently reported positive weight loss outcomes in 
a randomized trial comparing an internet weight loss pro-
gram with an internet education control for overweight/
obese patients with HIV [14.] The intervention group had 
an average weight loss of 4.4 kg (SD = 5.4) over the 12-week 
program, compared to 1.0 kg (SD = 3.3) in the control con-
dition. However, in addition to producing weight loss, an 
effective lifestyle intervention should also produce benefi-
cial changes in diet, physical activity, and cardiovascular 
risk factors since these factors can improve overall health, 
independent of changes in body weight. Thus, the purpose 
of this paper is to examine these other outcomes within the 
context of this randomized trial.
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Methods

Participants

Participants for this trial were recruited at the outpatient 
clinic of the Immunology Center at The Miriam Hospital. 
To be eligible, individuals needed to have HIV treated 
with ART, an undetectable viral load, CD4 count > 200 
cells/µl, age 18–70 and BMI ≥ 27 kg/m [2]. Individuals 
were ineligible if they had health problems that might 
make the program unsafe or affect participation in the 
program (e.g. active substance use, currently or planning 
to become pregnant). Individuals receiving treatment for 
diabetes, hypertension, or lipid disorders were eligible and 
there were no eligibility criteria related to current activity 
level or type or duration of HIV medication.

Study Design

The study is  registered on c l in ical t r ia ls .gov 
(NCT02421406) and has been described in detail [14]. 
In brief, those participants who met the basic eligibility 
criteria provided written informed consent as approved 
by the Lifespan Institutional Review Board. Subsequently, 
they were randomized in a 1:1 ratio to a 12-week internet 
weight loss program (WT LOSS) or internet control con-
dition (CONTROL). All assessments were repeated after 
12 weeks in the program.

Interventions

Both interventions received 12 lessons via the internet. 
CONTROL participants received a weekly education 
lesson that provided basic information about diet, exer-
cise, and weight loss. Lessons were posted on the study 
website and included no behavior change strategies. WT 
LOSS received 12 interactive multi-media lessons that tar-
geted behavioral strategies for changing diet and activity 
to produce weight loss. A low-calorie, low-fat diet was 
prescribed (1200–1500 for those weighing < 200 lbs.; 
1500–1800 for those weighing > 200 lbs.) with < 30% 
of calories from fat). The physical activity goal stressed 
30 min of brisk walking daily. Each week, participants 
viewed a new lesson, submitted their daily weights, calorie 
and fat intake, and minutes of physical activity to the study 
website. A weekly automated message provided feed-
back to the participant on these variables (these weekly 
self-report measures were used as the basis for provid-
ing immediate feedback to WT LOSS participants and are 
considered part of the intervention; changes from baseline 

to end of the 12-week intervention were assessed in both 
groups with the measures described below). Both the WT 
LOSS and CONTROL intervention have been used in a 
prior study of weight loss in obese individuals who did 
not have HIV [15.]

Measures

Weight and BMI

Weight was measured to the nearest 0.1 kg at baseline and 
the end of the 12-week intervention using a calibrated digital 
scale. Standing height was measured in millimeters using a 
wall-mounted stadiometer and used to compute body mass 
index.

Use of Weight Control Strategies

Participants completed the Weight Control Strategies ques-
tionnaire, a self-report measure assessing frequency of use 
of 30 behavioral strategies (1 = never; 2 = occasionally; 
3 = about half the time; 4 = most of the time; 5 = always). 
A total score and scores on the subscales for use of diet, 
self-monitoring, physical activity, and psychological coping 
strategies were calculated. This questionnaire assesses use 
of the key behavioral strategies taught in standard programs 
and higher scores on this questionnaire have been related to 
better weight loss outcomes [16].

Dietary Intake

To assess change in dietary intake, participants kept three-
day food diaries (2 weekdays and 1 weekend day) at baseline 
and post-intervention. Study staff provided participants with 
a food diary and portion size guide and instructed them to 
record all foods and beverages consumed as well as the prep-
aration, brand names and portion sizes for each at the time 
of consumption. With proper instruction, food records have 
been shown to provide an accurate record [17]. After com-
pletion, the records were reviewed by a registered dietitian, 
and participants were called to clarify any missing informa-
tion. The three-day diet records were coded using Nutrition 
Data Systems for Research (NDSR, Nutrition Coordinating 
Center, University of Minnesota, 2016). NDSR output files 
were used to determine total energy intake, percent energy 
from each macronutrient, and diet quality, as measured by 
the 2015 Healthy Eating Index (HEI-2015) [18]. The HEI-
2015, calculated using SAS code developed by the Nutrition 
Coordinating Center, measures adherence to the US Dietary 
Guidelines and ranges from 0 to 100, with higher scores 
representing healthier diets.
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Physical Activity

Participants were instructed to wear the previously vali-
dated Sensewear Armband (Pittsburgh, PA) until their next 
visit (scheduled after approximately 1 week) at baseline 
and post-intervention [19, 20]. Data from this device are 
processed using propriety algorithms incorporated within 
the software (Sensewear 7.0) and metabolic equivalents 
(MET values) are provided for each minute the device is 
worn. Daily steps and time spent in moderate-to-vigorous 
intensity PA (MVPA, ≥ 3 METs) and bout-related MVPA 
(≥ 3 METs for ≥ 10 min) were computed. Only partici-
pants who wore the device for ≥ 8 h/day on ≥ 4 days were 
included in the analyses (n = 36).

Cardio‑Metabolic Parameters

Blood pressure was measured in duplicate at baseline and 
after the 12-week program using a Sphygmomanometer 
Wall Aneroid, model 0950 (W.A. Baum Co., Inc., Copi-
ague, NY) with an adult calibrated V-Lok cuff. Fasting 
blood samples were taken for assessment of glucose, insu-
lin, HbA1c, HOMA-IR (calculated), triglycerides, total 
cholesterol, HDL-cholesterol, and LDL-C (calculated).

Statistical Analyses

Repeated measure analyses of variance were used to com-
pare WT LOSS and CONTROL on changes in cardiomet-
abolic risk factors, the use of weight control strategies, 
dietary intake, and physical activity after adjusting for age. 
We considered both the Treatment X Time interaction and 
the changes within each arm over time. Nominal p-values 
are presented. Log transformations were used for skewed 
variables (including measures of physical activity, insulin 
and triglycerides).

Results

The baseline characteristics of the 40 participants (21 
males; 19 females) who entered the trial are shown in 
Table 1. On average [mean ± SD], these participants were 
49.9 ± 8.8 years of age and had a BMI of 34.2 ± 6.7. On 
average, they had HIV for 11.9 ± 6.4 years and had a CD4 
count of 743 ± 339 cells/uL at baseline. One of the 20 
participants randomized to CONTROL and 2 of the 20 
randomized to WT LOSS did not complete the study. The 
only significant baseline difference between groups was 
age (46.3 ± 9.8, ranging from 30.4 to 66.3 years. in WT 

LOSS vs 53.6 ± 6.0, ranging from 41.9 to 67.6 years. in 
CONTROL (p < 0.01).

Weight Changes

We previously reported the weight losses achieved [14,] 
but we provide them here for context in interpreting the 
other findings. On average participants in the WT LOSS 
arm lost 4.4 ± 5.4 kg over the 12-week program, compared 
to 1.0 ± 3.3  kg in CONTROL. Results in terms of per-
cent of body weight lost were very similar (4.5 ± 5.8% vs 
1.1 ± 3.3%).

Weight Control Strategies

Table 2 presents the use of weight control strategies at base-
line and 12 weeks in WT LOSS vs CONTROL. Compared 
to CONTROL participants, those in the WT LOSS arm 
reported significantly greater increases in the use of strate-
gies related to physical activity, psychological coping, and 
self-monitoring. They also reported greater overall (total) 
use of the strategies taught in the program. Both groups 
reported greater use of diet strategies at the end of the pro-
gram, relative to when they entered the program; strategies 
that increased in both arms included having several servings 
of fruit and vegetables each day, avoiding fried foods, and 
eating lower fat meats.

Dietary Intake

The WT LOSS arm decreased their intake from 
2198 ± 704 kcal/day at baseline to 1517 ± 491 kcal/day at 
12 weeks (p = 0.002), whereas the decrease in CONTROL 
was not significant, 1847 ± 868 to 1732 ± 539 kcal/day, 
(p = 0.35). The difference in caloric reduction between the 
two arms was not statistically significant (− 681 ± 407 kcal/
day in WT LOSS vs 216 ± 591 kcal/day in CONTROL, 
p = 0.13). The macronutrient distribution was similar in the 
two conditions at baseline (35% fat, 17% protein, and 48% 
carbohydrates) and did not change significantly over time. 
Diet quality (Table 3), assessed using the HEI, improved in 
both groups over time, but the changes were not statistically 
significant. Among the component scores of the HEI 2015, 
only the change in Greens and Beans score significantly dif-
fered across groups (0.9 increase in WT LOSS vs a − 0.5 
decrease in CONTROL, p = 0.05).

Physical Activity

On average, participants wore the armband for 21.3 ± 0.9 h/
day and 8.4 ± 1.6 days at baseline and 20.0 ± 2.1 h/day and 
8.2 ± 1.6 days at follow-up. Wear time did not differ between 
CONTROL and WT LOSS (p’s > 0.26). The increase in total 
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Table 1   Baseline characteristics [Mean (SD) or %] of participants in WT LOSS versus CONTROL

NNRTI Nonnucleoside reverse transcription inhibitor

Variable Full sample (n = 40) WT LOSS (n = 20) CONTROL (n = 20) p value

Age, mean (SD), years 49.9 (8.8) 46.3 (9.8) 53.6 (6.0) 0.01
Gender, no. (%) male 21 (52.5) 12 (60) 9 (45) 0.34
Race, no. (%) 0.48
 Caucasian 27 (67.5) 15 (75) 12 (60)
 African American 5 (12.5) 1 (5) 4 (20)
 Native American 3 (7.5) 1 (5) 2 (10)
 Other 5 (12.5) 3 (15) 2 (10)

Ethnicity, no. (%) 0.21
 Non-Hispanic 32 (80) 18 (90) 14 (70)
 Hispanic 6 (15) 2 (10) 4 (20)
 Did not report 2 (5) 0 (0) 2 (10)

Education, no. (%) 0.70
 High school or less 18 (45) 10 (50) 8 (40)
 Some college 14 (35) 7 (35) 7 (35)
 College degree 8 (20) 3 (15) 5 (25)

Annual household income, no. (%) 0.34
 < $20,000 24 (60) 14 (70) 10 (50)
 $20,000–$60,000 8 (20) 4 (20) 4 (20)

  > $60,000 6 (15) 2 (10) 4 (20)
 Did not report 2 (5) 0 (0) 2 (10)

Smoking status, no. (%) smokers 16 (40) 8 (40) 8 (40) 1.00
BMI, mean (SD), kg/m2 34.2 (6.7) 33.0 (5.1) 35.4 (7.9) 0.25
Years since HIV diagnosis, mean (SD) 11.9 (6.4) 11.9 (5.3) 12.0 (7.4) 0.98
ART regimen, no. (%) 0.21
 NNRTI 17 (42.5) 11 (55) 6 (30)
 Protease inhibitor (PI) 9 (22.5) 5 (25) 4 (20)
 Integrase inhibitor (INSTI) 12 (30) 3 (15) 9 (45)
 PI +INSTI 2 (5) 1 (5) 1 (5)

Medications, no. (%)
 Hypertension 10 (25) 4 (20) 6 (30) 0.47
 Diabetes 2 (5) 0 (0) 2 (10) 0.15
 Dyslipidemia 10 (25) 5 (25) 5 (25) 1.00

History of substance abuse 13 (32.5) 8 (40) 5 (25) 0.31
History of alcohol abuse 10 (25) 6 (30) 4 (20) 0.47
History of depression 27 (67.5) 11 (55) 16 (80) 0.09
SBP (mmHg) 124.59 (11.24) 121.67 (9.81) 127.37 (12.05) 0.13
DBP (mmHg) 77.49 (8.45) 77.22 (8.60) 77.74 (8.53) 0.86
Insulin (µU/ml) 22.49 (16.93) 22.21 (15.05) 22.76 (18.96) 0.92
Glucose (mg/dL) 93.54 (17.94) 92.83 (18.09) 94.21 (18.26) 0.82
HbA1c 5.60 (0.54) 5.47 (0.60) 5.72 (0.47) 0.16
HOMA-IR 5.45 (4.92) 5.22 (4.06) 5.66 (5.72) 0.79
Total cholesterol (mg/dL) 177.0 (39) 174.8 (43.3) 179.3 (35.7) 0.73
LDL-C (mg/dL) 102.5 (31.3) 99.9 (34.7) 104.9 (28.5) 0.64
HDL-C (mg/dL) 45.5 (12.2) 43.7 (11.1) 47.1 (13.2) 0.41
Triglycerides (mg/dL) 152.0 (99.0) 161.5 (105.0) 143.0 (95.0) 0.58
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Table 2   Self-reported use of behavioral strategies at baseline and 12 weeks in WT LOSS and CONTROL

Strategy WT LOSS CONTROL p-values

Baseline 12-week Difference Baseline 12-week Difference Time effect Time by 
group inter-
action

Diet choices
 I had several servings of fruits and/or vegeta-

bles each day
1.65 2.71 1.06 1.47 2.11 0.64 < 0.001 0.243

 I kept high calorie, high fat foods (e.g. chips, 
cookies, cakes) out of sight so they would not 
tempt me

1.82 2.24 0.42 1.26 2.05 0.79 0.18 0.440

 I avoid fried foods 1.24 2.18 0.94 1.68 2.47 0.79 < 0.001 0.699
 I kept low-calorie foods (e.g., fruit, raw veg-

etables, unbuttered popcorn) accessible for a 
healthy snack

1.59 2.47 0.88 1.42 1.68 0.26 0.001 0.054

 I limited my intake of regular soda 2.65 3.24 0.59 2.44 3.17 0.73 0.13 0.790
 I ate lower-fat meats (e.g., chicken, turkey, fish) 

or meat substitutes (e.g., lentils)
1.94 2.94 1.00 1.79 2.05 0.26 0.003 0.065

 When eating dairy products, (e.g., milk, yogurt, 
cheese), I chose reduced or fat free options

1.88 2.41 0.53 1.42 1.68 0.26 0.196 0.660

 I ate meats, fish, or vegetables that were baked 
or broiled or grilled

2.41 3.18 0.77 2.11 2.00 0.11 0.129 0.048

 I chose low-calorie and/or low-fat foods to eat 
instead of higher calorie options

1.35 2.35 1.00 1.47 1.79 0.32 0.003 0.101

 I ate high-fiber foods (e.g., whole grain breads 
or cereals, fruit and vegetables)

1.94 2.53 0.59 1.95 1.68 0.27 0.475 0.067

Diet choices subscale 1.85 2.62 0.77 1.67 2.09 0.42 < 0.001 0.160
Self-monitoring strategies
 I set daily calories goals for myself 0.76 2.35 1.59 0.37 0.89 0.52 < 0.001 0.037
 I kept a record of the type and amount of food 

I ate
0.65 3.12 2.47 0.26 0.79 0.53 < 0.001 <0.001

 I weighed and/or measured the foods I ate 0.35 2.00 1.65 0.26 0.58 0.32 < 0.001 0.011
 I kept a record of the calories and fat in the 

foods I ate
0.47 2.94 2.47 0.37 0.42 0.05 < 0.001 < 0.001

 I kept a record of my minutes of exercise 0.82 2.88 2.06 0.42 0.68 0.26 < 0.001 0.001
 I weighed myself daily 1.00 3.29 2.29 0.84 0.37 0.47 0.002 < 0.001
 I kept a graph of my weight 0.59 1.71 1.12 0.11 0.32 0.21 0.004 0.040

Self-monitoring strategies subscale 0.66 2.61 1.95 0.37 0.58 0.21 < 0.001 < 0.001
Physical activity strategies
 I set exercise goals for myself 0.88 2.65 1.77 1.00 1.16 0.16 < 0.001 < 0.001
 I had plans for getting my exercise in even if 

the weather was bad and I couldn’t exercise 
outside

0.76 2.35 1.59 0.95 1.37 0.42 < 0.001 0.002

 I engaged in moderate-intensity exercise like 
brisk walking or something similar to brisk 
walking for at least 30 min a day

1.24 2.76 1.52 0.84 1.47 0.63 < 0.001 0.022

 If I missed exercising one day, I made up for it 
by exercising longer another day

1.24 2.29 1.05 0.68 0.53 0.15 0.19 0.009

 I scheduled exercise into my day 1.29 2.41 1.12 1.16 1.32 0.16 0.005 0.032
 I kept my exercise clothes or shoes where I 

could see them as a reminder to exercise
0.94 2.29 1.35 0.95 1.16 0.21 0.004 0.029

Physical activity strategies subscale 1.06 2.46 1.40 0.93 1.17 0.24 < 0.001 < 0.001
Psychological coping
 If I overate, I thought about what lead up to my 

overeating
1.35 2.18 0.83 1.05 1.42 0.37 0.16 0.338
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minutes per day of moderate-to-vigorous physical activity 
(WT LOSS: 9.4 ± 42.4 vs CONTROL: 3.2 ± 5.5; p = 0.87) 
or MVPA in 10-minute bouts (WT LOSS: 10.6 ± 31.4 vs 
CONTROL: 3.5 ± 12.5; p = 0.90) did not differ between 
groups. Participants in the WT LOSS group increased their 
daily steps from 5311 ± 2583 to 6390 ± 3548, an increase 
of 1079 ± 2321 steps/day whereas the CONTROL group 
decreased their daily steps from 4906 ± 2159 to 4668 ± 2482, 
a decrease of 238 ± 1509 steps/day. Analyses of log trans-
formed data showed that the difference between groups for 
change in daily steps was significant at p = 0.03, but it was 
no longer significant (p = 0.08) after adjusting for age and 
wear time.

Cardio‑Metabolic Parameters

As shown in Table 4, there were no significant differences 
between WT LOSS and CONTROL for changes in blood 
pressure or any of the cardio-metabolic outcomes over the 
12-week program.

Discussion

Findings from this study suggest that a 12-week internet 
behavioral weight loss program, relative to a 12-week con-
trol program, was effective in producing a 4 kg weight loss 
and also helped overweight/obese PLWH increase their use 

of healthy weight control strategies, reduce their caloric 
intake, and increase their physical activity. However, the 
lifestyle intervention did not lead to significant improve-
ments in laboratory measures of cardiovascular risk factors.

Participants in the WT LOSS arm reported significantly 
greater increases than the CONTROL group in the use of 
behavioral strategies related to self-monitoring, physical 
activity, and psychological coping. These domains reflect 
specific strategies that were taught only in the weight loss 
program, suggesting that participants in this group were 
adhering to the program recommendations. Since both 
groups received basic education related to healthy eating, 
it is not surprising that both groups reported increased use 
of low calorie, low-fat diet strategies. The changes reported 
in the use of these behavioral strategies, if maintained over 
time, should help improve long-term weight loss outcomes. 
Moreover, many of these changes, such as eating more high 
fiber foods, exercising for 30 min/day, and rewarding oneself 
for meeting goals, might also be expected to impact cardio-
vascular disease (CVD) risk factors.

Data from the 3-day food records suggest that the WT 
LOSS group reduced their daily energy intake by almost 
700 calories a day whereas the CONTROL group reduced 
their intake by only 200 calories per day. The decrease in 
caloric intake in the WT LOSS group suggests that these 
participants adhered to the calorie restriction prescription. 
However, despite recommendations to decrease fat intake 
to < 30% of total energy to support a low calorie, low fat diet, 

Table 2   (continued)

Strategy WT LOSS CONTROL p-values

Baseline 12-week Difference Baseline 12-week Difference Time effect Time by 
group inter-
action

 If I overate on one day, I made up for it by eat-
ing less the next day

1.24 2.06 0.82 1.16 1.37 0.21 0.011 0.122

 When I reached my calorie goal for the day but 
still felt hungry I tried a pleasant activity to 
take my mind off the hunger

0.76 2.35 1.59 0.37 1.21 0.84 < 0.001 0.120

 If I got off track with my eating or exercise, I 
encouraged myself by thinking positively

1.65 3.06 1.41 1.47 2.16 0.69 < 0.001 0.149

 When I met a goal related to my eating, exer-
cise, or weight loss, I rewarded myself with 
something special that did not involve food

1.00 1.53 0.53 0.84 0.74 0.10 0.408 0.218

 If I had negative thoughts about my weight loss 
progress, I tried to catch myself and stop that 
kind of thinking

1.41 2.65 1.24 1.37 1.63 0.26 0.002 0.036

 If I regained weight, I thought about my past 
successes and reminded myself that I could 
get back on track

1.29 2.47 1.18 1.74 1.84 0.10 0.030 0.068

Psychological Coping Subscale 1.24 2.33 1.09 1.14 1.48 0.34 < 0.001 0.007
Total across subscales 1.27 2.52 1.25 1.05 1.40 0.35 < 0.001 < 0.001

Use of strategies is scored as follows: 1 = never; 2 = occasionally; 3 = about half the time; 4 = most of the time; 5 = always
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participants in the WT LOSS arm did not change the macro-
nutrient distribution of their diet. The total HEI showed non-
significant improvements over time, with the intervention 
group changing from a total HEI of 47.9 to 53.2 and the 
CONTROL group from 46.7 to 51. Recent data from the 
National Health and Nutrition Examination Survey suggest 
that the mean HEI-2015 score for American adults ages 
18–64 is 58.3 [21], suggesting that this population’s overall 
diet quality is still below the national average. However, the 
fact that HEI improved through a behavioral weight control 
intervention is consistent with several other studies [22–24]. 
We are only aware of one randomized trial of a lifestyle 
behavioral intervention that targeted the HEI in PLWH along 
with increased physical activity [25]. This study found no 
significant improvements in HEI or accelerometry measured 
physical activity, although the intervention group did lose 
significantly more weight than the control group (− 0.732 kg 
vs + 0.153, p = 0.03). Further effort is needed to better 
understand the barriers to improving healthy eating in this 
population.

There have been a fair number of studies showing posi-
tive effects of supervised exercise sessions on fitness, body 
composition and quality of life in PLWH [26, 27]. There 
are far fewer studies of lifestyle physical activity in this 
population [28], and thus we have less information avail-
able on the extent to which this population will increase 
their physical activity on their own. Fitch et al. [28] tested 
a lifestyle intervention that focused on healthy eating and 
physical activity. Like the current study, these investiga-
tors recommended increased walking with a goal of 10,000 
steps/day and 3 h of activity per week and participants 
completed the activity on their own. Greater increases 
in self-reported physical activity were seen in the inter-
vention group than in the control group over the 6-month 
study, but no differences were observed for VO2 max or 
lipid levels. These findings are in contrast to the current 

study which found that the changes in MVPA minutes did 
not differ significantly between WT LOSS and CONTROL 
[29]. Shah et al. [29] tested a physical activity interven-
tion based on self-determination in older PLWH and found 
significant increases in self-reported activity and improved 
physical function, but that study did not focus on weight 
loss.

The present study is one of the first to examine changes 
in lifestyle physical activity using an objective measure 
of physical activity in PLWH. While the change in bout-
related MVPA minutes did not significantly differ between 
conditions, the WT LOSS group increased their bout-related 
MVPA by 10.6 min/day whereas the CONTROL group 
increased by 3.5 min/day. This is equivalent to a 49 min/
week difference in the change in bout-related MVPA 
between groups, suggesting that the use of the PA-related 
behavioral strategies may have contributed to the adop-
tion of more PA over time among WT LOSS participants. 
Likewise, we found that on average, participants in the WT 
LOSS group increased the number of steps/day by 1000 
steps, equivalent to a half mile, whereas the CONTROL 
group had a slight decrease in daily steps. In order to place 
these changes in context, we note that the participants in 
our study were achieving about 5000 steps per day at base-
line (< 5000 steps/day is considered a sedentary lifestyle; 
5000–7499 “low active”, 7500–9999 “somewhat active” 
and 10,000 steps is “active”) [30.] Although the increase 
we found, from 5000 to 6000 steps per day, is important, 
on average participants in the WT LOSS arm continued to 
be in the Low Active category. These results contrast with 
data reported using the same type of armbands in a weight 
loss study of over 200 obese patients who did not have HIV 
[31]. In that trial, the average number of steps increased 
from 7500 at baseline to almost 10,000 steps per day. These 
data suggest that PLWH may have particularly low levels of 
physical activity, a suggestion confirmed by other studies 

Table 4   Changes in cardo-
metabolic parameters from 
baseline to 12-weeks in WT 
LOSS versus CONTROL

Age covaried in all analyses
*Natural log transformation used in analyses

Variable WT LOSS CONTROL p value

Mean change SD Mean change SD Time Time × group

SBP (mmHg) − 0.83 7.86 1.32 9.60 0.59 0.65
DBP (mmHg) − 1.11 9.21 0.16 6.93 0.82 0.72
Insulin (µU/ml)* − 1.10 10.80 − 0.50 10.50 0.57 0.42
Glucose (mg/dL) 1.78 11.91 3.84 13.81 0.55 0.55
HbA1c (%) − 0.07 0.20 − 0.02 0.23 0.89 0.43
HOMA − 0.11 3.08 2.80 10.37 0.75 0.40
Total cholesterol (mg/dL) − 3.50 17.39 5.00 21.10 0.66 0.31
LDL cholesterol (mg/dL) − 2.56 18.55 6.89 19.50 0.79 0.27
HDL cholesterol (mg/dL) − 1.06 4.19 2.16 5.66 0.65 0.13
Triglycerides change (mg/dL) * − 6.10 57.40 − 20.00 76.50 0.88 0.66
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[12, 13], and that the internet program may produce only 
modest increases in physical activity in this population.

Related to the increase in objectively measured physical 
activity, we also found significant increases in the use of 
behavioral strategies to increase activity in the WT LOSS 
group relative to the CONTROL. These strategies included 
setting goals for activity, planning when to be active, and 
using stimulus control strategies (such as putting out exer-
cise clothes) to prompt physical activity.

In the present study, we found no evidence of significant 
changes in cardio-metabolic measures in WT LOSS relative 
to the CONTROL group. There are several possible explana-
tions for this finding. First, the magnitude of weight loss may 
have been inadequate to observe changes in these param-
eters. Studies in individuals who are not HIV-infected sug-
gest that a 3–5% weight loss is sufficient to improve blood 
pressure, but a 10–15% weight loss may be needed for lipids 
[32]. In the present study, those patients who achieved a 5% 
weight loss did experience significantly greater improvement 
in systolic blood pressure relative to those who had poorer 
weight loss outcomes, with no difference in lipids or other 
physiological parameters (data not presented); thus these 
findings support the hypothesis that those randomized to 
the weight loss intervention would have had to achieve a 
greater average weight loss in order to see beneficial health 
effects. The 12-week intervention may also have been too 
short and the sample size too small to observe changes in 
these parameters.

Alternatively, the HIV infection itself and the inflamma-
tion associated with it, may blunt the effect of weight loss on 
these parameters. This suggestion is supported by an earlier 
study of the effects of weight loss on metabolic and car-
diovascular outcomes in PLWH. Engelson et al. [33] evalu-
ated changes in 18 obese women with HIV who completed 
a 12-week weight loss program (out of 31 who started the 
program). The women exercised in three supervised exercise 
sessions per week (each session lasting 90 min) and were 
placed on a 1200 cal, 30% fat diet. On average, the 18 com-
pleters lost 6.7 kg (7.3%) and showed improvements in body 
composition. However, there was no evidence of improved 
insulin sensitivity or changes in lipids with this weight loss. 
Thus, these authors concluded that the beneficial effects of 
weight loss on CVD may be less in those with HIV. How-
ever, the findings may also be due to the older ART treat-
ment regimens used in this study. To specifically address the 
question of whether the benefits of weight loss are blunted 
in PLWH, Reeds and colleagues [34] studied 19 women (16 
PLWH and 6 not PLWH) before and after they achieved a 
6–8% weight loss (mean of 7.7% vs 7.3%, respectively.) It 
took significantly longer for PLWH participants to achieve 
this goal (18 vs 12 weeks; p = 0.006). Weight loss caused a 
greater decline in fat free mass in PLWH but led to similar 
significant improvements in insulin sensitivity and blood 

pressure in both groups of women. Glucose levels, LDL-C 
and triglycerides did not change significantly in either group, 
and HDL-C decreased significantly in both. Further research 
with larger sample sizes and a more intensive behavioral 
weight loss program is needed to determine whether PLWH 
are able to achieve similar amounts of weight loss and 
whether both groups benefit comparably from these weight 
losses.

Strengths of this study include the randomized trial 
design, the high retention of participants, and the use of 
state-of-the-art measures of diet and physical activity. More-
over, in contrast to the past studies of the effects of super-
vised exercise and studies that followed only participants 
who achieved a specific amount of weight loss, we sought to 
determine the efficacy of randomization to a lifestyle inter-
vention. As part of this intervention, patients were taught 
behavioral strategies for changing diet and exercise to pro-
duce weight loss but were required to make these changes 
on their own and data are presented for the full group of 
participants, regardless of the magnitude of weight loss 
achieved. Use of the internet program, which can be easily 
disseminated to large numbers of patients, is also an impor-
tant strength.

There are several important limitations to this study. 
The sample size was small and included individuals with a 
variety of health conditions (e.g. diabetes) and medication 
regimens; changes in medication during the program were 
not assessed. Although all analyses adjusted for age, there 
were significant differences between the two groups for age, 
which may have affected outcomes. A larger study is needed 
to more precisely determine the effects of weight loss and 
patient characteristics on changes in CVD risk factors. In 
addition, the study was short and thus we could not examine 
the maintenance of the effects. The WT LOSS and CON-
TROL interventions were not tailored to those with HIV 
and did not address specific barriers that PLWH might face 
in adhering to a weight loss program (e.g. food insecurity).

Conclusions

Our data suggest that PLWH who are assigned to an internet 
WT LOSS program, relative to those in CONTROL, made 
significant improvements in their use of behavioral strate-
gies and in calorie intake. Improvements in physical activ-
ity were more limited and there were no significant effects 
on laboratory cardiovascular risk factors. Further research 
with a greater number of participants and a more intensive 
and longer weight loss program is needed to understand the 
extent to which PLWH benefit from behavioral weight loss 
interventions and to examine the factors that may limit the 
improvements in behavior and CVD risk factors seen in this 
population.
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