
INTRODUCTION
 • Antiretroviral therapy (ART) effectively reduces transmission1 and improves clinical 
outcomes2,3 and quality of life4 among people living with human immunodeficiency 
virus (HIV; PLWH)

 • However, ART has also been associated with weight gain in PLWH; in particular, 
female, Black, or Hispanic PLWH are at higher risk of ART-related weight gain, 
regardless of the regimen being used5,6

 • While previous research has shown that ART use is associated with a higher risk 
of diabetes6-8 and that weight gain is associated with a higher risk of developing 
cardiometabolic conditions and death,9,10 there are few studies that have assessed  
the risk of metabolic, cardiovascular, and cardiometabolic outcomes associated with 
ART-related weight gain

OBJECTIVE
 • To evaluate the incidence of metabolic and cardiovascular conditions among 
treatment-naïve PLWH who are at high risk of weight gain and experiencing a  
≥5% versus <5% weight or body mass index (BMI) increase following ART initiation

METHODS 
Data Source
 • Electronic medical records (EMR) and administrative claims data from the Symphony 
Health, an ICON plc company, IDV® database (October 1, 2014-March 31, 2021) were 
used to identify the population of interest and conduct the analysis

 • The database links health care data for the US population from 3 basic sources: 
pharmacy point-of-service; switch/network transactions; and additional direct 
prescription, medical, and hospital claims data

 • The data comprise claimant demographics, medical and procedure claims, as well as 
historical clinical information from linked EMR data, including medications prescribed, 
laboratory results, vital signs, height and weight measurements, and diagnoses

 • Data are de-identified and comply with the patient requirements of the Health 
Insurance Portability and Accountability Act (HIPAA)

Study Design
 • A retrospective longitudinal cohort study design was used for this study (Figure 1)

 • The index date was identified in the EMR and defined as the date of initiation of the 
first ART regimen with a recommended protease inhibitor (PI)–based, integrase 
strand transfer inhibitor (INSTI)–based, or non-nucleoside reverse transcriptase 
inhibitor (NNRTI)–based regimen per the Department of Health and Human  
Services (DHHS) guidelines11

 • The baseline period was defined as the 12-month period before the index date 

 • The 6-month period following the index date was defined as the landmark period 
and was used to assess weight/BMI changes following ART initiation relative to the 
baseline period 

 • The observation period to evaluate cardiometabolic outcomes started after the 
6-month landmark period and ended at the end of continuous clinical activity or  
end of data availability (i.e., March 31, 2021), whichever occurred first

 • PLWH were assigned to 1 of 2 cohorts based on the change in weight/BMI observed 
between the baseline period and the landmark period:

 – ≥5% weight/BMI increase

 – <5% weight/BMI increase 

Study Population
 • Treatment-naïve female, Black, or Hispanic PLWH initiating an ART regimen were 
identified for inclusion in the study

 • The sample selection criteria are presented in Figure 2

Figure 1. Study design scheme.
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Abbreviations: ART=antiretroviral therapy; BMI=body mass index; DHHS=Department of Health and Human Services; INSTI=integrase strand transfer inhibitor;  
NNRTI=non-nucleoside reverse transcriptase inhibitor; PI=protease inhibitor.
aBaseline laboratory and weight/BMI values were obtained from the baseline period measurement prior to and closest to the index date.
bAll weight/BMI values observed during the landmark period were assessed to determine if there was a weight/BMI gain ≥5% relative to the baseline value. 

Figure 2. Study population selection.

≥1 diagnosis code for HIV-1
N=186,398

≥12 months of continuous clinical activity before the index date (baseline period)
N=6,480 (28.1%)

No written prescriptions for a PI, INSTI, or NNRTI agent during the baseline period
N=4,841 (74.7%)

≥6 months of continuous clinical activity after the index date (landmark period)
N=3,535 (73.0%)

≥1 diagnosis code for HIV-1 on or before the index date
N=2,777 (78.6%)

≥18 years old as of the index date
N=2,767 (99.6%)

≥1 BMI measurement in both the baseline and landmark periods or
≥1 weight measurement in both the baseline and landmark periods

N=1,501 (54.2%)

Exclusion criteria:

≥1 diagnosis code for HIV-2 during the baseline period

≥1 diagnosis code for cirrhosis or hepatitis during the baseline period

≥1 diagnosis code for stage 5 CKD or ESRD, or a creatinine clearance
<15 mL/min during the baseline period

≥1 diagnosis code for pregnancy on the index date or during the
baseline period

≥1 diagnosis code for cancer, excluding cutaneous Kaposi’s sarcoma,
basal cell carcinoma, or resected, noninvasive cutaneous squamous
carcinoma, during the baseline period

N=1 (0.1%)

N=129 (8.6%)

N=36 (2.4%)

N=28 (1.9%)

N=73 (4.9%)

Patients eligible for the study
N=1,252 (83.4%)
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N=366 (29.2%)

<5% weight/BMI cohort
Patients with a weight/BMI increase <5%
between baseline and landmark periods

N=886 (70.8%)

High-risk PLWH (female sex, Black or Hispanic race/ethnicity)
N=96,662 (51.9%)

≥1 written prescription for a PI, INSTI, or NNRTI agent, as part of a complete ART regimen,
with the first prescription defined as the index date

N=23,067 (23.9%)

Abbreviations: ART=antiretroviral therapy; BMI=body mass index; CKD=chronic kidney disease; ESRD=end-stage renal disease; HIV=human immunodeficiency virus;  
INSTI=integrase strand transfer inhibitor; NNRTI=non-nucleoside reverse transcriptase inhibitor; PI=protease inhibitor; PLWH=people living with human immunodeficiency virus.

Study Measures
 • Demographic and clinical characteristics were evaluated during the baseline period

 • Following the landmark period, the incidence of each of the following conditions was 
evaluated: metabolic conditions (i.e., type 2 diabetes mellitus [T2DM], hypertension, 
lipid disorders, lipodystrophy, and metabolic syndrome) and cardiovascular 
conditions (i.e., coronary artery disease, congestive heart failure, stroke/transient 
ischemic attack, and myocardial infarction)

 – PLWH were eligible for the analysis of each incident outcome, separately, if they did  
not have ≥1 diagnosis for this condition or use ≥1 medication related to the condition  
(e.g., antidiabetic medication as a proxy for T2DM) during the baseline or landmark 
periods

 • Furthermore, a composite outcome was evaluated and was defined as having an 
incident outcome with any of the above conditions

 – Patients with the presence of a specific condition during the baseline or landmark 
periods could not develop that same condition during the observation period, but 
they could develop another cardiometabolic outcome that they did not have during 
the baseline or landmark periods

Statistical Analysis
 • Baseline characteristics were balanced between patients with weight/BMI increase 
≥5% or <5% using inverse probability treatment weighting (IPTW)

 – Weights were calculated based on propensity scores obtained from a logistic regression 
model adjusting for the following variables: age, sex, race, geographic region, 
insurance plan type, year of index date, Quan-Charlson Comorbidity Index (excluding 
HIV symptoms), weight loss, weight gain medications, weight loss medications, 
antihypertensives, antihyperlipidemics, antidiabetics, time between HIV onset and 
the index date (in months), and use of a PI, INSTI, NNRTI, tenofovir disoproxil fumarate 
(TDF), and tenofovir alafenamide (TAF) as part of the index regimen

 • Comparison of baseline characteristics after applying IPTW was made using 
standardized differences, with differences of <10% considered balanced12

 • Weighted multivariate Cox regression models were used to obtain hazard ratios (HRs) 
comparing the time to incident cardiometabolic outcomes between patients with 
weight/BMI increase ≥5% or <5%

 • Nonparametric bootstrap procedures with 500 resamples were used to calculate  
95% confidence intervals and p-values

RESULTS 
Patient Characteristics
 • A total of 1,252 PLWH met the study inclusion criteria; during the landmark period, 
366 (29.2%) experienced a weight/BMI increase ≥5% and the remaining 886 (70.8%) 
experienced a weight/BMI increase <5% (Figure 2)

 • After IPTW, the weighted sample size was 620 for PLWH with weight/BMI increase ≥5% 
and 632 for PLWH with weight/BMI increase <5%; the baseline characteristics were well 
balanced between the 2 cohorts (Table 1)

 • The mean age in both cohorts was 47.8 years, ~60% were female, ~49% were Black, 
and ~17% were Hispanic (Table 1)

 • INSTI-based regimens were the most frequently observed ART regimens in both 
cohorts (~78%; Table 1)

 • The mean change in weight observed between the baseline period and the  
landmark period was +6.7 kg (+14.8 lbs) for patients with weight/BMI increase ≥5%  
and –0.1 kg (–0.2 lbs) for patients with weight/BMI increase <5%; mean changes in  
BMI measurements are shown in Table 2

Comparison of Incident Cardiometabolic Outcomes
 • The mean (standard deviation) length of the observation period post-landmark was 
2.0 (1.3) years for both cohorts

 • PLWH with weight/BMI increase ≥5% were significantly and substantially more likely to 
develop T2DM (HR=2.19; p=0.044) compared to PLWH with weight/BMI increase <5% 
(Figure 3)

 • There was no statistically significant difference in the likelihood of experiencing  
≥1 cardiometabolic outcome between the 2 cohorts (HR=1.09; p=0.248; Figure 3)

 • Differences for the other individual cardiometabolic outcomes also did not reach 
statistical significance; HRs ranged from 0.44 for congestive heart failure (p=0.220)  
to 1.07 for lipid disorders (p=0.820; Figure 3)

Table 1. Patient Baseline Characteristics
Weighted populationa

Weight/BMI  
gain ≥5%

N=620

Weight/BMI  
gain <5%

N=632
Standardized 

difference
Demographic characteristics
Age at index date (years),  
mean ± SD [median] 47.8 ± 13.0 [49.0] 47.8 ± 13.0 [49.0] 0.2%

Female, n (%) 372 (59.9) 368 (58.2) 3.5%
Race/ethnicity, n (%)

Black 305 (49.2) 312 (49.3) 0.2%
Hispanic 101 (16.3) 109 (17.2) 2.6%
White 97 (15.6) 95 (15.0) 1.6%
Other 4 (0.6) 5 (0.8) 2.6%
Unknown 113 (18.3) 111 (17.6) 1.9%

US geographic region, n (%)
South 427 (68.9) 435 (68.9) 0.1%
Northeast 71 (11.5) 68 (10.8) 2.1%
Midwest 65 (10.5) 66 (10.4) 0.4%
West 56 (9.1) 61 (9.7) 2.1%
Unknown 0 1 (0.2) 6.4%

Insurance plan type, n (%)
Insurance plan information 
available (in claims) 568 (91.6) 577 (91.2) 1.3%

Commercial 372 (60.0) 377 (59.6) 0.9%
Medicare 97 (15.7) 105 (16.5) 2.3%
Medicaid 86 (13.9) 82 (12.9) 2.9%
Other 4 (0.6) 4 (0.7) 1.2%
Unknown 8 (1.4) 9 (1.5) 0.9%

Year of index date, n (%)
2015 39 (6.2) 38 (6.0) 0.9%
2016 155 (25.0) 166 (26.2) 2.8%
2017 146 (23.6) 150 (23.7) 0.2%
2018 122 (19.6) 119 (18.9) 1.9%
2019 125 (20.2) 126 (19.9) 0.8%
2020 33 (5.4) 34 (5.3) 0.1%

Clinical characteristics
Time between HIV disease onset 
and index date, n (%)

≤12 months 37 (6.0) 35 (5.5) 1.9%
>12 to ≤24 months 28 (4.5) 27 (4.3) 0.8%
>24 to ≤36 months 17 (2.8) 17 (2.7) 0.6%
>36 to ≤48 months 17 (2.7) 20 (3.1) 2.1%
>48 to ≤60 months 21 (3.4) 20 (3.2) 1.2%
>60 months 74 (11.9) 74 (11.7) 0.8%
Unknown 426 (68.7) 439 (69.5) 1.7%

Quan-CCI (excluding HIV 
symptoms), mean ± SD [median] 1.1 ± 1.4 [1.0] 1.1 ± 1.6 [0.0] 0.8%

Weight loss, n (%) 42 (6.8) 39 (6.2) 2.7%
Medications associated with weight 
gain, n (%) 159 (25.6) 154 (24.3) 2.9%

Medications associated with weight 
loss, n (%) 44 (7.1) 43 (6.8) 1.1%

Antihypertensives, n (%) 117 (18.9) 127 (20.1) 3.2%
Antihyperlipidemics, n (%) 52 (8.4) 52 (8.3) 0.5%
Antidiabetics, n (%) 39 (6.3) 37 (5.8) 2.1%
Index regimen characteristics
Patients treated with specific 
regimens, n (%)

INSTI-based 483 (78.0) 488 (77.1) 2.0%
NNRTI-based 123 (19.8) 131 (20.7) 2.1%
PI-based 24 (3.9) 25 (3.9) 0.0%
NRTI agents

TAF 278 (44.8) 273 (43.2) 3.1%
TDF 169 (27.3) 184 (29.1) 4.0%

Abbreviations: BMI=body mass index; CCI=Charlson Comorbidity Index; HIV=human immunodeficiency virus; INSTI=integrase strand transfer inhibitor; NNRTI=non-nucleoside 
reverse transcriptase inhibitor; NRTI=nucleoside reverse transcriptase inhibitor; PI=protease inhibitor; SD=standard deviation; TAF=tenofovir alafenamide; TDF=tenofovir  
disoproxil fumarate; US=United States.
aOf note, the number of patients reported in this weighted population represents the sum of weights for the corresponding patients, rounded to the nearest integer.  
The proportions displayed were calculated prior to the rounding and may be slightly different than if they were calculated based on rounded numbers.

Table 2. Weight, BMI, and Cardiometabolic Comorbidities During the Baseline 
and Landmark Periods
  Weighted populationa

 

Weight/BMI 
gain ≥5%

N=620

Weight/BMI 
gain <5%

N=632
During the baseline period

Patients with a BMI measurement,b n (%) 469 (75.7) 469 (74.3)

BMI (kg/m2),b mean ± SD [median] 30.2 ± 8.0 [28.8] 29.2 ± 6.8 [28.4]

BMI categories (kg/m2), n (%)

<25 142 (30.2) 145 (31.0)

25 to 29 128 (27.3) 136 (29.0)

30 to 34 79 (16.8) 95 (20.3)

≥35 121 (25.7) 92 (19.7)

Patients with a weight measurement,b n (%) 615 (99.2) 626 (99.1)

Weight (kg),b mean ± SD [median] 87.3 ± 27.7 [81.2] 84.5 ± 21.6 [81.2]

Cardiometabolic comorbidities, n (%)

Composite cardiometabolic outcome 395 (63.7) 364 (57.6)

T2DM 116 (18.7) 125 (19.8)

Hypertension 301 (48.6) 282 (44.7)

Lipid disorders 226 (36.4) 207 (32.8)

Lipodystrophy 3 (0.5) 2 (0.3)

Metabolic syndrome 3 (0.5) 2 (0.3)

Congestive heart failure 104 (16.7) 121 (19.2)

Coronary artery disease 163 (26.3) 151 (23.9)

Myocardial infarction 125 (20.2) 111 (17.6)

Stroke/ischemic attack 59 (9.6) 33 (5.2)

During the landmark period

Patients with a BMI measurement,c n (%) 469 (75.7) 469 (74.3)

BMI (kg/m2),c mean ± SD [median] 32.4 ± 7.7 [31.1] 29.1 ± 6.8 [28.3]

BMI categories (kg/m2), n (%)

<25 96 (20.4) 149 (31.7)

25 to 29 110 (23.5) 134 (28.5)

30 to 34 97 (20.6) 94 (20.1)

≥35 167 (35.5) 92 (19.7)

Patients with a weight measurement,c n (%) 615 (99.2) 626 (99.1)

Weight (kg),c mean ± SD [median] 94.0 ± 28.0 [87.5] 84.4 ± 21.8 [81.6]

Cardiometabolic comorbidities, n (%)

Composite cardiometabolic outcome 375 (60.4) 344 (54.4)

T2DM 128 (20.7) 114 (18.0)

Hypertension 296 (47.7) 270 (42.8)

Lipid disorders 211 (34.0) 184 (29.1)

Lipodystrophy 0 1 (0.2)

Metabolic syndrome 3 (0.4) 0

Congestive heart failure 107 (17.3) 100 (15.9)

Coronary artery disease 157 (25.4) 134 (21.2)

Myocardial infarction 121 (19.6) 85 (13.4)

Stroke/ischemic attack 47 (7.6) 26 (4.1)

BMI and weight-related changes between the baseline and landmark periodsd

Change in BMI (kg/m2) after the index date,  
mean ± SD [median] 2.2 ± 2.1 [1.9] 0.0 ± 1.2 [0.1]

Change in weight (kg) after the index date,  
mean ± SD [median] 6.7 ± 6.9 [5.2] –0.1 ± 3.3 [0.4]

Abbreviations: BMI=body mass index; HIV=human immunodeficiency virus; SD=standard deviation; T2DM=type 2 diabetes mellitus; TAF=tenofovir alafenamide; TDF=tenofovir 
disoproxil fumarate.
aOf note, the number of patients reported in this weighted population represents the sum of weights for the corresponding patients, rounded to the nearest integer.  
The proportions displayed were calculated prior to the rounding and may be slightly different than if they were calculated based on rounded numbers.
bEvaluated based on the most recent measurement before the end of the 12-month pre-index (baseline) period among patients with a measurement in both the baseline and 
6-month post-index (landmark) period.
cEvaluated based on the highest measured value in the 6-month post-index (landmark) period among patients with a measurement in both the baseline and 6-month post-index 
(landmark) period.
dEvaluated as the difference between the most recent baseline weight value and the highest measured value in the 6-month post-index (landmark) period.

Figure 3. Comparison of incident cardiometabolic outcomes during the  
post-landmark period. 
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bEither T2DM, hypertension, lipid disorders, lipodystrophy, metabolic syndrome, coronary artery disease, congestive heart failure, stroke/transient ischemic attack, or myocardial infarction.
cThe incidence of metabolic syndrome may have been underestimated in the current analysis, as it was identified solely based on ICD-9-CM/ICD-10-CM codes and information such 
as waist circumference was not available.
dHR was not evaluable due to there being no incident events in 1 of the cohorts.
*Significant at the 5% level.

LIMITATIONS
 • Claims and EMR data may contain inaccuracies or omissions in diagnoses, billing, and 
other variables; information on family or social history was not available

 • The Symphony Health, an ICON plc company, IDV® database is a provider-based data 
source that will not capture the services patients received from a provider outside of 
the network

 • Since the study population was PLWH at high risk of weight gain who were treatment 
naïve and had ≥1 weight/BMI measurement in the baseline and landmark periods, 
results may not be generalizable to the entire HIV population

 • This study used an intention-to-treat approach where patients were observed until 
the end of follow-up regardless of switching or discontinuation of the ART regimen 
initiated at index

 • Imposing 6 months of clinical activity after the index date (i.e., the landmark period) 
may have resulted in survival bias and the selection of more healthy patients

 • The incidence of metabolic syndrome may have been underestimated in the current 
analysis, as waist circumference was not available

CONCLUSIONS
 • Despite a short follow-up of 2 years, female, Black, or Hispanic PLWH 
experiencing ≥5% weight/BMI increase within 6 months of initiation of ART 
more than doubled their risk of incident T2DM

 • No difference in cardiovascular outcomes was noted, likely due to the short 
follow-up period

 • Further research with longer follow-up is warranted to examine the impact 
of ART-related weight gain on long-term clinical outcomes, but these data 
suggest that, at least for some conditions, the implications of early weight  
gain after ART initiation are significant
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