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INTRODUCTION

Hypertension is a major cause of premature death 
worldwide and is a growing problem in people living 
with HIV [1]. Globally, 35% of all adult people living 
with HIV receiving antiretroviral therapy (ART) have 
hypertension [2]. The increasing burden of hypertension 
is partly due to the increasing prevalence of risk factors 
and ageing of people living with HIV [2,3]. However, the 
recent improvement in ART access and the associated 
control of viraemia, together with safer ART, may ne-
gate some of the increase in risk factors of hypertension 
due to ageing. Like individuals without HIV, hyperten-
sion is associated with a higher risk of cardiovascular 
disease (CVD) [4,5] and mortality in people living with 
HIV [5,6]. The key risk factors for hypertension in the 

general population that are particularly important in 
people living with HIV include smoking, alcohol use, 
illicit drug use and dyslipidaemia [7,8]. In addition, un-
controlled HIV viraemia is an independent risk factor 
for hypertension [9] and CVD [10].

The potential mechanisms of hypertension in people 
living with HIV are diverse and include an interaction of 
adipogenesis and lipodystrophy activation of the adipocyte 
renin-angiotensin system, immune reconstitution and 
metabolic changes, including dyslipidaemia, chronic sys-
temic and vascular inflammation, and renal insufficiency 
[1,7,8]. Furthermore, ART plays a role in the mechanism 
of hypertension [11–13], as has been reported with older 
protease inhibitors (PIs) [14,15] and non-nucleoside re-
verse transcriptase inhibitors (NNRTIs) [15,16]. However, 
the risk due to PIs and NNRTIs has been of less clinical 
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Abstract
Objective: To compare the incidence of hypertension in people living with HIV 
receiving integrase strand transfer inhibitor (INSTI)-based antiretroviral ther-
apy (ART) versus non-nucleoside reverse transcriptase inhibitors (NNRTIs) or 
boosted protease inhibitors (PIs) in the RESPOND consortium of HIV cohorts.
Methods: Eligible people with HIV were aged ≥18 years who initiated a new 
three-drug ART regimen for the first time (baseline), did not have hypertension, 
and had at least two follow-up blood pressure (BP) measurements. Hypertension 
was defined as two consecutive systolic BP measurements ≥140 mmHg and/or 
diastolic BP ≥90 mmHg or initiation of antihypertensives. Multivariable Poisson 
regression was used to determine adjusted incidence rate ratios (aIRRs) of hy-
pertension, overall and in those who were ART naïve or experienced at baseline.
Results: Overall, 4606 people living with HIV were eligible (INSTIs  3164, 
NNRTIs  807, PIs  635). The median baseline systolic BP, diastolic BP, and age 
were 120 (interquartile range [IQR] 113–130) mmHg, 78 (70–82) mmHg, and 43 
(34–50) years, respectively. Over 8380.4 person-years (median follow-up 1.5 [IQR 
1.0–2.7] years), 1058 (23.0%) participants developed hypertension (incidence rate 
126.2/1000 person-years, 95% confidence interval [CI] 118.9–134.1). Participants 
receiving INSTIs had a higher incidence of hypertension than those receiving 
NNRTIs (aIRR 1.76; 95% CI 1.47–2.11), whereas the incidence was no different in 
those receiving PIs (aIRR 1.07; 95% CI 0.89–1.29). The results were similar when 
the analysis was stratified by ART status at baseline.
Conclusion: Although unmeasured confounding and channelling bias cannot 
be excluded, INSTIs were associated with a higher incidence of hypertension 
than were NNRTIs, but rates were similar to those of PIs overall, in ART-naïve 
and ART-experienced participants within RESPOND.
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relevance in some studies [15] and the risk due to contem-
porary regimens remains unclear.

Clear evidence associates integrase strand transfer in-
hibitors (INSTIs) with weight gain [17–20], but the data 
linking these agents with hypertension are conflicting. 
Analyses from selected populations and small cohorts 
have reported a higher risk of hypertension or elevated 
blood pressure (BP) in people living with HIV using 
INSTIs [21–23] despite evidence linking INSTI use with 
favourable lipid profiles [24–26] and lower levels of vas-
cular disease markers [27]. Randomized controlled trials 
have also not reported a higher risk of hypertension in 
people living with HIV receiving INSTIs [28,29], although 
this has been investigated in few studies. In addition, the 
results from clinical trials may be inconclusive because 
of the highly selected participants and brief durations of 
follow-up. The risk of hypertension in people living with 
HIV receiving INSTIs should be further investigated, es-
pecially in larger cohorts, since INSTIs are increasingly 
recommended as first-line ART agents [30,31]. In this 
analysis, we compared the incidence of hypertension in 
people living with HIV receiving INSTI-based regimens 
versus those receiving contemporary NNRTIs and PIs, 
within a large consortium of HIV cohorts.

METHODS

Study design

The analysis was within RESPOND, a consortium of 17 
observational cohorts that follow 32 085 people living with 
HIV in Europe and Australia. The inclusion criteria and 
data management procedures in RESPOND have been 
previously described [32,33]. Briefly, individual cohorts 
use standard case report forms via the HIV Cohorts Data 
Exchange Protocol (https://hicdep.org/) to collect and 
transmit data on demographics, ART, BP, comorbidities 
(such as CVD, cancer, fractures, diabetes, etc.) and labora-
tory parameters to a central coordinating centre, annually. 
All cohorts and the coordination centre perform quality 
control checks to ensure data completeness and accuracy.

Study participants

Eligible participants were aged ≥18 years and initiated a 
three-drug ART regimen or switched, for the first time, 
to a new regimen containing two nucleoside/nucleotide 	
reverse transcriptase inhibitors (NRTIs) with either 
an INSTI (dolutegravir [DTG], raltegravir [RAL] or 
cobicistat-boosted elvitegravir [EVG/c]), an NNRTI (rilpi-
virine [RPV] or efavirenz [EFV]) or a PI (cobicistat-  or 

ritonavir-boosted atazanavir [ATV/b] or cobicistat-  or 
ritonavir-boosted darunavir [DRV/b]) between 1 January 
2012 and 1 January 2019. Therefore, all participants were 
naïve to the third antiretroviral drug (INSTI/NNRTI/PI) 
they initiated. Data on bictegravir, cabotegravir, or dora-
virine were limited, and these drugs were not included in 
the analysis. We excluded people living with HIV receiv-
ing non-three drug ART regimens (booster not counted) 
and those receiving unboosted PIs. To determine the inci-
dence, participants did not have hypertension before or at 
baseline (up to 7 days after the baseline date) and had at 
least two follow-up BP results and 6 months of follow-up. 
Individual cohorts with sparse data on BP measurements 
(≥20% of participants missing BP measurements) were 
excluded.

Study outcomes

The primary outcome for this analysis was the incidence 
of hypertension in people living with HIV receiving a 
three-drug ART regimen. Hypertension was defined as 
occurring on the earliest date of the following events: two 
consecutive systolic BP (SBP) measurements ≥140 mmHg 
and/or diastolic BP (DBP) measurements ≥90 mmHg, per-
formed on different days (with the date of the first raised 
measurement taken as the diagnosis date); one single SBP 
measurement ≥140  mmHg and/or DBP measurement 
≥90 mmHg with the use of antihypertensives (including 
angiotensin-converting enzyme inhibitors [ACEIs] and 
angiotensin II receptor blockers [ARBs]) within 6 months 
of this measurement (with the first date of either taken as 
the diagnosis date); or the initiation of antihypertensives 
without a recorded high BP (date of initiation taken as 
the diagnosis date). This definition has been used in other 
analyses in the Data Collection on Adverse Events of Anti-
HIV Drugs (D:A:D) cohort [15,34].

Baseline covariates

The baseline date was the date of ART initiation (ART 
naïve) or the date of initiation of a new third antiretro-
viral drug (ART experienced). All covariates were time 
fixed, and the values closest to the baseline date, but 
within 1 year before and up to 7 days after the baseline 
date, were considered baseline. Diabetes mellitus was de-
fined as the initiation of treatment and/or blood glucose 
level ≥11.1 mmol/L and/or glycated haemoglobin ≥6.5% 
and/or confirmed diagnosis. Participants were hepatitis C 
virus (HCV) positive if they had a positive antibody test 
and/or positive HCV-RNA and/or HCV genotype tests or 
received HCV therapy. Hepatitis B virus (HBV) infection 
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was defined as a positive HBV surface antigen and/or a 
prior positive HBV DNA. Chronic kidney disease (CKD) 
was defined as two successive estimated glomerular filtra-
tion rates (eGFR, Chronic Kidney Disease Epidemiology 
Collaboration formula) ≤60  ml/min/1.73  m2 at least 
90  days apart. CVD was defined as stroke and/or acute 
myocardial infarction and/or invasive coronary proce-
dure. Lipid-lowering therapy was defined as the use of 
statins and/or fibrates.

Statistical analysis

We conducted a univariable analysis followed by multi-
variable Poisson regression to determine the adjusted in-
cidence rate ratio (aIRR) of hypertension. We analysed all 
people living with HIV (regardless of ART exposure be-
fore baseline) and a priori performed separate analyses for 
ART-naïve and ART-experienced people living with HIV. 
Participants without hypertension were followed from the 
first time they started a new third drug and until they de-
veloped hypertension, they discontinued or switched any 
component of the initiated ART regimen, the last BP meas-
urement date, or 1 January 2020, whichever occurred first. 
In the univariable analysis, the following baseline covari-
ates were identified a priori and their significance assessed: 
age, race, sex, mode of transmission, calendar year, eGFR, 
smoking, body mass index (BMI), diabetes mellitus, prior 
AIDS, CVD, HBV and HCV status, HIV RNA, nadir, and 
baseline CD4 counts, time since HIV diagnosis, baseline 
BP and lipid levels, lipid-lowering therapy, and baseline 
ART exposure (in the analysis for all people living with 
HIV). Covariates, including BMI, were fixed at baseline 
as they may be on the causal pathway to hypertension 
[21,35]. Covariates with a global p < 0.2 were considered 
for multivariable regression. The backward selection step-
wise method was used to manually fit the final regression 
models while retaining confounders. The model with the 
smallest Akaike information criterion was considered the 
best fitting. We conducted several sensitivity analyses. 
First, we moved the baseline to 6 months after initiation 
of the third antiretroviral drug for ART-experienced peo-
ple living with HIV (i.e., washout period), as ART-induced 
prohypertensive changes may not be immediately revers-
ible after an ART regimen switch. Second, since CKD and 
CVD are associated with hypertension, we excluded par-
ticipants with these comorbidities. Third, we determined 
the incidence of hypertension based on elevated BP alone 
(SBP <140 mmHg and/or DBP <90 mmHg), since antihy-
pertensives can be used for non-hypertensive indications. 
Conversely, since BP measurement may not be standard-
ized, we also determined the incidence of hypertension 
based on the initiation of antihypertensive medication 

alone. Fourth, to assess the potential for channelling bias, 
we compared and adjusted for the baseline 5-year D:A:D 
CVD risk score [36]. Furthermore, since BP monitoring 
may be less frequent for individuals with lower CVD risk, 
we limited the analysis to individuals with 5-year pre-
dicted CVD risk scores <5%. Finally, we also investigated 
whether results were consistent when the baseline date 
was changed to the date, after 2014, of ART initiation or 
the initiation of the third antiretroviral drug for the first 
time since dolutegravir became widely available in Europe 
in 2014. All statistical tests were two-sided, and statistical 
significance was set at p < 0.05. Data were prepared using 
SAS Enterprise Guide software version 9.4 (SAS Institute 
Inc.) and analysed with Stata version 16.0 (StataCorp).

RESULTS

Demographic and clinical characteristics 
of eligible participants

A total of 7030 participants had at least two prospective 
BP measures after baseline and initiated ART or switched 
to a new ART regimen. Of these, 2424 (34.5%) had hyper-
tension before baseline and were excluded (Figure S1). 
Participants excluded for hypertension were more likely to 
be male, ART exposed, older and receiving lipid-lowering 
therapy and to have diabetes mellitus, CKD, CVD and 
hypertriglyceridemia (Table  S1). The characteristics and 
comparisons of participants with and without hyperten-
sion at baseline are presented in Table S2.

Overall, 4606 people living with HIV were in-
cluded (2486 ART experienced, 2120 ART naïve), of 
whom 3164 (68.7%) initiated INSTIs (DTG  =  1929, 
EVG/c = 777, RAL = 458), 807(17.5%) initiated NNRTIs 
(RPV = 487, EFV = 320) and 635 (13.8%) initiated PI-
based ART (ATV/b  =  174, DRV/b  =  461). In the 2486 
ART-experienced participants, 2090 (84.1%) switched to 
INSTIs (1289 switched from PIs), 305 switched to NNRTIs 
(276 from PIs) and 91 switched to PIs (81 from NNRTIs). 
The median baseline SBP (interquartile range [IQR]) and 
DBP were 120 (113–130) mmHg and 78 (70–82) mmHg, 
respectively, and did not differ by the initiated regimens. 
The median duration between consecutive BP tests was 
6 (IQR 4–6) months in people living with HIV receiving 
INSTIs or PIs, but the duration between tests was 6 (IQR 
4–12) months in those receiving NNRTIs (p  <  0.001). 
The median age and CD4 count were 43 (IQR 34–50) 
years and 508 (IQR 329–720) cells/μl, respectively, but 
the participants who received INSTI were older and had 
higher CD4 counts (Table 1). Compared with ART-naïve 
participants, ART-experienced people were older, more 
likely to have prior AIDS and comorbidities (diabetes 
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T A B L E  1   Baseline demographic and clinical characteristics of the study participants (n = 4606)

INSTIs NNRTIs PIs All

n % n % n % n %

3164 68.7 807 17.5 635 13.8 4606 100

Sex

Male 2284 72.2 610 75.6 485 76.4 3379 73.5

Female 880 27.8 197 24.4 150 23.6 1227 26.6

Ethnicity

Black 233 7.4 40s 5.0 52 8.2 325 7.1

White 2186 69.1 569 70.5 431 67.9 3186 69.2

Othera 745 23.6 198 24.5 152 23.9 1095 23.8

Route of HIV acquisition

MSM 1545 48.8 438 54.3 333 52.4 2316 50.3

IDU 365 11.5 66 8.2 58 9.1 489 10.6

Heterosexual 1070 33.8 271 33.6 214 33.7 1555 33.8

Othera 184 5.8 32 4.0 30 4.7 246 5.3

Treatment experience

Naive 1074 33.9 502 62.2 544 85.7 2120 46.0

New class 2090 66.1 305 37.8 91 14.3 2486 54.0

Prior AIDS

Yes 580 18.3 92 11.4 84 13.2 756 16.4

No 2584 81.7 715 88.6 551 86.8 3850 83.6

Hepatitis B

Positive 140 4.4 30 3.7 31 4.9 201 4.36

Negative 2768 87.5 647 80.2 470 74.0 3885 84.4

Unknown 256 8.1 130 16.1 134 21.1 520 11.3

Hepatitis C

Positive 659 20.8 132 16.4 90 14.2 881 19.1

Negative 2380 75.2 581 72.0 456 71.8 3417 74.2

Unknown 125 4.0 94 11.7 89 14.0 308 6.69

Smoking status

Current 1246 39.4 297 36.8 217 34.2 1760 38.2

Prior 365 11.5 76 9.4 32 5.0 473 10.3

Never 909 28.7 261 32.3 168 26.5 1338 29.1

Unknown 644 20.4 173 21.4 218 34.3 1035 22.5

Diabetes mellitus

Yes 89 2.8 22 2.7 6 0.9 117 2.5

No 2758 87.2 651 80.7 507 79.8 3916 85.0

Unknown 317 10.0 134 16.6 122 19.2 573 12.4

CVD

Yes 14 0.4 1 0.1 1 0.2 16 0.4

No 2627 83.0 673 83.4 479 75.4 3779 82.1

Unknown 523 16.5 133 16.5 155 24.4 811 17.6

Lipid-lowering therapy

Yes 167 5.3 26 3.2 6 0.9 199 4.3

No 2997 94.7 781 96.8 629 99.1 4407 95.7

(Continues)
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INSTIs NNRTIs PIs All

n % n % n % n %

3164 68.7 807 17.5 635 13.8 4606 100

NRTI

TAF/FTC 614 19.4 43 5.3 17 2.7 674 14.6

TDF/FTC 1348 42.6 691 85.6 501 78.9 2540 55.2

TDF/3TC 26 0.8 14 1.7 7 1.1 47 1.0

ABC/3TC 1153 36.4 31 3.8 92 14.5 1276 27.7

Other 23 0.7 28 3.5 18 2.8 69 1.5

Median (IQR)

Number 
(%) 
missing Median (IQR)

Number 
(%) 
missing Median (IQR)

Number 
(%) 
missing

Median 
(IQR)

Number 
(%) 
missing

Age (years) 45 (36–51) 0 (0) 39 (33–47) 0 (0) 36 (30–45) 0 (0) 43 (34–50) 0 (0)

Baseline CD4 
(cells/µl)

560 (370–767) 0 (0) 474 (330–652) 0 (0) 344 (181–529) 0 (0) 508 (329–720) 0 (0)

Nadir CD4 
(cells/µl)

243 (124–383) 0 (0) 307 (197–420) 0 (0) 280 (143–418) 0 (0) 260 (137–395) 0 (0)

HIV RNA 
(copies/ml)

39 (19–9492) 0 (0) 525 (33–2500) 0 (0) 2290 (861–
165 546)

0 (0) 49 (19–26 500) 0 (0)

BMI (kg/m2) 23.4 (21.1–25.7) 391 (12.4) 23.4 (21.3–25.7) 123 (15.2) 22.6 (20.8–24.9) 106 (16.7) 23.2 
(21.1–25.6)

620 (13.5)

HDL (mg/dl) 46.4 (38.7–58.0) 570 (18.0) 42.5 (34.8–54.1) 198 (24.5) 38.7 (30.9–50.3) 206 (32.4) 46.4 
(34.8–58.0)

974 (21.1)

CHOL (mg/dl) 181.8 (154.7–212.7) 402 (12.7) 174.0 (150.8–201.1) 132 (16.4) 158.6 (135.4–
185.6)

151 (23.8) 177.9 (150.8–
208.8)

685 (14.9)

TRIG (mg/dl) 115.1 (79.7–168.3) 467 (14.8) 115.1 (79.7–159.4) 163 (20.2) 106.3 
(79.7–141.7)

164 (25.8) 115.1 
(79.7–168.3)

794 (17.2)

LDL (mg/dl) 108.3 (85.1–131.5) 1757 (55.5) 100.5 (85.1–127.6) 468 (58.0) 96.7 
(77.3–119.9)

387 (60.9) 104.4 
(85.1–131.5)

2612 (56.7)

eGFR (ml/
min/1.73 m2)

99.0 (84.4–110.3) 261 (8.2) 104.0 (90.9–115.3) 53 (6.6) 109.0 
(95.7–117.9)

93 (14.6) 101.1 
(86.8–112.4)

407 (8.8)

SBP (mmHg) 121.0 (113–130) 0 (0) 120 (113–130) 0 (0) 120 (112–130) 0 (0) 120 (113–130) 0 (0)

DBP (mmHg) 78.0 (70.0–82.0) 0 (0) 77.0 (70.0–81.0) 0 (0) 78.0 (70.0–83.0) 0 (0) 78 (70–82) 0 (0)

ART duration 
(years)

7.3 (0.0–14.5) 0 (0) 0.0 (0.0–4.6) 0 (0) 0.0 (0.0–0.0) 0 (0) 3.5 (0.0–11.3) 0 (0)

5-year predicted 
CVD

2.2 (1.0–4.0) 576 (18.2) 1.5 (0.7–3.0) 200 (24.8) 1.2 (0.5–2.7) 210 (33.1) 1.9 (0.9–3.7) 986 (21.4)

BP measure rate 
(per year)

2 (2–3) 0 (0) 2 (1–3) 0 (0) 2 (2–3) 0 (0) 2 (2–3) 0 (0)

Baseline date 
(mm/yy)

10/15 
(11/14–01/17)

0 (0) 10/13 
(11/12–01/15)

06/13 (08/12–
09/14)

0 (0) 05/15 (12/13–
08/16)

0 (0)

Duration of prior 
exposure (years) 
to antiretrovirals 
before baselineb Median (IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number (%) 
exposed

Prior exposure to 
INSTIs

– 0 (0) 1.9 (1.9–1.9) 1 (0.1) 0.5 (0.5–0.5) 1 (0.2) 1.2 (0.5–1.9) 2 (0.0)

Prior exposure to 
NNRTIs

5.6 (1.8–9.7) 1218 (38.6) – 0 (0) 3.4 (1.7–7.3) 84 (13.2) 5.4 (1.8–9.6) 1302 (28.3)

T A B L E  1   (Continued)
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mellitus, HBV/HCV, CVD) and to be receiving lipid-
lowering therapy. However, baseline BP values were 
comparable between ART-naïve and ART-experienced 
participants (Table S3).

Primary outcome: Incidence of 
hypertension

Of the 4606 people living with HIV without hypertension 
at baseline, 1058 (23.0%) developed hypertension dur-
ing 8380.4 person-years of follow-up (incidence rate [IR] 
126.2 per 1000 person-years; 95% CI 118.9–134.1). The 
median follow-up period was 1.5 (IQR 1.0–2.7) years. Of 
the 1058 hypertension events, hypertension was diag-
nosed based on elevated BP alone in 776 (73.3%) partici-
pants, 134 of whom developed SBP ≥160 mmHg and/or 
DBP ≥100 mmHg. In 282 (26.7%) participants, the diag-
nosis was made by the initiation of antihypertensives, 
191 (67.7%) of whom initiated either ARBs or ACEIs. 
Overall, participants receiving INSTIs had a 76% higher 
incidence of hypertension than those receiving NNRTIs 

(aIRR 1.76; 95% CI 1.47–2.11). In the univariable analy-
sis, the incidence of hypertension was 31% lower with 
INSTIs than with PIs (aIRR 0.69; 95% CI 0.58–0.81), 
but the incidence was not significantly different after 
adjusting for prior exposure to ART (aIRR 1.07; 95% CI 
0.75–1.06). In the final adjusted multivariable regres-
sion model, adjusted for other potential confounders, 
the incidence of hypertension was also not significantly 
different in those receiving INSTIs or PIs (aIRR 1.07; 
95% CI 0.89–1.29) (Figure  1). The association between 
ART class and hypertension did not differ by sex (inter-
action p = 0.737), age (interaction p = 0.732), HCV sta-
tus (interaction p = 0.253) or baseline 5-year predicted 
CVD risk scores (interaction p = 0.239).

Predictors of hypertension in people living 
with HIV

In the final multivariable regression model adjusted for 
baseline BP levels and other confounders, the predic-
tors of hypertension included INSTI-  and PI-based ART 

Duration of prior 
exposure (years) 
to antiretrovirals 
before baselineb Median (IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number 
(%) 
exposed

Median 
(IQR)

Number (%) 
exposed

Prior exposure to PIs 7.7 (4.2–11.5) 1692 (53.6) 5.1 (2.5–8.1) 290 (35.9) – 0 (0) 7.2 (3.9–11.0) 1982 (43.0)

Prior exposure to 
NRTIs

10.2 (6.7–15.2) 2085 (66.1) 5.8 (2.6–8.9) 302 (37.4) 3.5 (2.0–8.4) 88 (13.9) 9.5 (5.9–14.5) 2475 (53.7)

Prior exposure to 
ABC

5.8 (2.5–9.5) 917 (29.1) 4.8 (2.3–8.7) 93 (11.5) 3.2 (1.3–6.5) 21 (3.3) 5.6 (2.4–9.4) 1031 (22.4)

Prior exposure to 
TDF

6.5 (4.2–9.0) 1647 (52.2) 4.1 (2.0–6.7) 201 (24.9) 2.9 (1.6–4.2) 60 (9.4) 6.2 (3.7–8.7) 1908 (41.4)

Prior exposure to 
TAF

0.7 (0.3–1.1) 55 (1.7) 1.2 (1.0–1.3) 8 (1.0) – 0 (0) 0.7 (0.3–1.2) 63 (1.4)

Prior exposure to 
AZT

3.5 (1.0–7.7) 1159 (36.7) 3.0 (0.5–7.8) 136 (16.9) 4.4 (2.9–9.9) 31 (4.93) 3.5 (1.0–7.7) 1326 (28.8)

Prior exposure to 
d4T

3.0 (1.3–5.1) 551 (17.5) 2.9 (1.1–5.2) 35 (4.39) 1.8 (0.5–2.9) 3 (0.5) 2.9 (1.2–5.1) 589 (12.8)

Prior exposure to 
ddI

2.4 (0.9–5.2) 455 (14.4) 3.3 (1.4–5.9) 19 (2.4) 2.7 (0.8–7.7) 6 (0.9) 2.5 (0.9–5.2) 480 (10.48)

Prior exposure to 
ddC

1.1 (0.5–2.2) 121 (3.82) 1.6 (0.9–1.9) 5 (0.6) 5.0 (5.0–5.0) 1 (0.2) 1.1 (0.5–2.4) 127 (2.8)

Note: All lipids are in mg/dl. To convert triglycerides from mg/dl to mmol/L, divide by 88.57. For HDL, LDL and total cholesterol, divide by 38.67.
Abbreviations: ABC, abacavir; ART, antiretroviral therapy; AZT, azidothymidine; BMI, body mass index; BP, blood pressure; CHOL, total cholesterol; CVD, 
cardiovascular disease; DBP, diastolic blood pressure; ddC, zalcitabine; ddI, didanosine; d4T, stavudine; eGFR, estimated glomerular filtration rate using 
the Chronic Kidney Disease Epidemiology Collaboration equation; FTC, emtricitabine; HDL, high-density lipoprotein; IDU, intravenous drug use; INSTI, 
integrase strand transfer inhibitors; IQR, interquartile range; LDL, low-density lipoprotein; MSM, men who have sex with men; NNRTI, non-nucleoside reverse 
transcriptase inhibitors; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PI, protease inhibitors; SBP, systolic blood pressure; TAF, tenofovir 
alafenamide; TDF, tenofovir disoproxil fumarate; TRIG, triglycerides; 3TC, lamivudine.
aOther categories (other than those stated), including unknown status.
bEligible participants must have been naïve to the ART regimen they initiated.

T A B L E  1   (Continued)
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regimens, compared with NNRTIs (INSTIs: aIRR 1.76; 
95% CI 1.47–2.11; PIs: aIRR 1.65; 95% CI 1.33–2.03), prior 
AIDS (aIRR 1.31; 95% CI 1.11–1.54), baseline CD4 count 
<350  cells/µl (aIRR 1.48; 95% CI 1.27–1.74), being ART 
naïve (aIRR 1.44; 95% CI 1.14–1.81) and having BMI 
≥30  kg/m2 (aIRR 1.32; 95% CI 1.05–1.65). Furthermore, 
baseline BP higher than the optimal level was associ-
ated with a higher incidence of hypertension (Table  2). 
The incidence of hypertension also increased linearly for 
every 5-year increase in age (aIRR 1.16; 95% CI 1.12–1.19). 
Compared with people living with HIV aged <35  years, 
those aged >55 years were twice as likely to develop hy-
pertension (aIRR 2.42; 95% CI 1.97–2.98). Diabetes mel-
litus, hypertriglyceridemia (≥200 mg/dl), low eGFR and 
male sex were associated with a higher risk of hyperten-
sion in univariable but not multivariable analysis.

Incidence of hypertension in ART-
naïve and ART-experienced people living 
with HIV

Of the 2436 people living with HIV on ART before base-
line, 497 (20.4%) developed hypertension over 4894.5 

person-years (IR 101.5/1000 person-years, 95% CI 93.0–
110.95). Hypertension was 43% more common in those 
receiving INSTIs than in those receiving NNRTIs (aIRR 
1.43; 95% CI 1.07–1.92). In contrast, the incidence of hy-
pertension in people living with HIV receiving INSTIs was 
not different from in those receiving PIs (aIRR 1.42; 95% 
CI 0.86–2.35) (Figure 1). Table S5 shows the predictors of 
hypertension in people living with HIV with prior ART 
exposure at baseline.

Of the 2120 people living with HIV who were ART 
naïve, 561 (26.5%) developed hypertension over 3485.8 
person-years (IR 160.9/1000 person-years, 95% CI 148.2–
174.8). The incidence of hypertension was 92% higher 
in participants receiving INSTIs than in those receiving 
NNRTIs (aIRR 1.92; 95% CI 1.51–2.44). Also, the higher 
incidence of hypertension in people living with HIV re-
ceiving INSTIs compared with those on NNRTIs was 
greater in ART-naïve than in ART-experienced people liv-
ing with HIV. In contrast, the incidence of hypertension in 
people living with HIV receiving INSTIs was not different 
from that in participants receiving PIs (aIRR 1.01; 95% CI 
0.82–1.25) (Figure 1). Table S6 shows the predictors of hy-
pertension in people living with HIV who were ART naïve 
at baseline.

F I G U R E  1   Incidence rate ratios of hypertension in participants receiving INSTI-based regimens versus those on NNRTIs (a) or PIs (b)
Note: The final multivariable model was adjusted for the nucleoside/nucleotide reverse transcriptase inhibitor (NRTI) backbone, age, 
ethnicity, sex, mode of transmission, calendar year, estimated glomerular filtration rate, smoking, body mass index, diabetes mellitus, prior 
AIDS, cardiovascular disease, hepatitis B and hepatitis C virus status, HIV RNA, nadir, and baseline CD4 counts, time since HIV diagnosis, 
baseline blood pressure and lipid levels, lipid-lowering therapy, and prior ART (in the analysis for all people living with HIV). Abbreviations: 
ART, antiretroviral therapy; CI, confidence interval; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase 
inhibitor; PI, protease inhibitor; PLWH, people living with HIV

Incidence rate ra�os of hypertension in par�cipants receiving INSTI-based regimens versus those on NNRTIs (a) or PIs (b)

Adjusted

Non-Adjusted

ART-experienced 

Adjusted

Non-Adjusted

ART-naïve 

Adjusted

Non-Adjusted

All PLWH

ModelART status 

1.43 (1.07, 1.92)

1.28 (0.99, 1.66)

1.92 (1.51, 2.44)

1.84 (1.48, 2.29)

1.76 (1.47, 2.11)

1.38 (1.17, 1.63)

Favors INSTIs Favors NNRTIs
0.5 1 2

Risk Ra�o (95% CI)

Panel Incidence rate ra�o of INSTIs versus NNRTIs

Adjusted

Non-Adjusted

ART-experienced

Adjusted

Non-Adjusted

ART-naïve

Adjusted

Non-Adjusted

All PLWH

ModelART status 

1.42 (0.86, 2.35)

1.05 (0.65, 1.68)

1.01 (0.82, 1.25)

0.90 (0.74, 1.09)

1.07 (0.89, 1.29)

0.69 (0.58, 0.81)

Favors INSTIs Favors PIs

0.5 1 2

Risk Ra�o (95% CI)

Incidence rate ra�o of INSTIs versus PIs(a) Panel (b)
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Sensitivity analysis

In all sensitivity analyses, the incidence of hypertension 
was consistently higher in people living with HIV receiv-
ing INSTIs than in those receiving NNRTIs but not dif-
ferent than in participants receiving PIs (Table 3). First, 
we investigated potential channelling bias. Participants 
receiving INSTIs had relatively higher 5-year predicted es-
timated CVD risk scores based on the D:A:D risk equation 
(2.2%; IQR 1.0%–4.0%) than those receiving NNRTIs (1.5%; 
IQR 0.7%–3.0%) or PIs (1.2%; IQR 0.5%–2.7%). However, 
even after adjusting for CVD risk scores, participants on 
INSTIs remained at a higher risk of hypertension than 
those receiving NNRTIs (aIRR 1.62; 95% CI 1.35–1.94) but 
the risks were comparable to those receiving PIs (aIRR 
0.94; 95% CI 0.78–1.13). Second, after a 6-month washout 
period for ART-experienced people living with HIV, the 
incidence of hypertension remained higher in people liv-
ing with HIV receiving INSTIs than in those on NNRTIs 
but was comparable to the incidence in those receiving 
PIs. Third, the results were also consistent after excluding 
participants with CKD or CVD and when hypertension 
was defined solely based on high BP or initiation of anti-
hypertensives (Table 3). Finally, the results also remained 
consistent when the analysis was limited to individuals 
with 5-year predicted CVD risk scores <5% and when the 
baseline date was changed to the date after 2014 of ART 
initiation or the initiation of the third antiretroviral drug 
for the first time.

DISCUSSION

In this study, we found an incidence of hypertension of 126 
per 1000 person-years in people living with HIV receiving 
contemporary ART within a large consortium of hetero-
geneous HIV cohorts. The incidence was higher in people 
living with HIV receiving INSTIs than in those receiving 
NNRTIs overall, but not different from that of participants 
receiving PIs. In the ART-naïve participants, hyperten-
sion was more common in those receiving INSTIs than 
in those receiving NNRTIs but was comparable to those 
receiving PIs. In contrast, the incidence of hypertension 
was higher in those who switched to INSTIs than in those 
who switched to NNRTIs or PIs in the ART-experienced 
group. The results were consistent in several sensitivity 
analyses and separate analyses for ART-naïve and ART-
experienced people living with HIV. Furthermore, we 
demonstrated that prior AIDS, CD4 count <350 cells/µl, 
older age and obesity were predictors of hypertension.

Consistent with some cohorts that have reported greater 
elevation of BP with INSTIs [21–23], we found a higher in-
cidence of hypertension with INSTIs than with NNRTIs. 

Although the mechanism for hypertension in people liv-
ing with HIV receiving INSTIs is still unclear, there is an 
association between the use of INSTIs and weight gain 
[17–20], a key risk factor for hypertension. The association 
between INSTI-associated weight gain and hypertension 
is being investigated in a different analysis in RESPOND. 
The use of INSTIs has also been associated with adipo-
genesis, oxidative stress and insulin resistance [22,37,38] 
and these metabolic derangements have been associated 
with hypertension [39,40]. Additional studies have linked 
INSTIs with other predictors of hypertension such as dys-
lipidaemia and diabetes mellitus [26,38,41]. The lower in-
cidence of hypertension in individuals receiving NNRTIs 
than in those receiving INSTIs may be related to a favour-
able lipid profile associated with newer NNRTIs [26], espe-
cially RPV [42]. However, several studies have not found a 
higher risk of hypertension associated with the use of EFV 
[15,34,35] despite it being associated with dyslipidaemia 
[42]. Therefore, the lower risk of hypertension associated 
with NNRTIs may not be mediated by a favourable lipid 
profile alone, and other underlying mechanisms need fur-
ther investigation. In this analysis, the use of PIs or INSTIs 
was associated with a higher risk of hypertension com-
pared with the use of NNRTIs. Although the use of older 
PIs has been associated with hypertension [14,15], the 
risk due to contemporary PIs is unclear. However, a recent 
analysis within the D:A:D cohort reported a lower risk of 
hypertension with cumulative exposure to ATV and DRV 
[15]. This possibly explains the lower risk with PIs in this 
study compared with prior studies that reported on older 
drugs. The relationship between ART regimens and hy-
pertension incidence differed by ART status at baseline, 
which may be due to the confounding effect of ART ex-
posure or differences in the characteristics of ART-naïve 
versus ART-experienced people living with HIV.

The predictors of hypertension in the present study 
are generally consistent with findings from other cohorts 
[15,43]. The results suggest that individuals with prior 
AIDS or traditional hypertension risk factors should have 
their BP measured during clinic visits. The incidence of hy-
pertension was generally higher in participants with base-
line BP higher than the optimal level (SBP >120 mmHg 
and DBP >80 mmHg). Therefore, while these BP levels do 
not require treatment, such individuals should be consid-
ered for lifestyle modification and closer BP monitoring. 
In this analysis, ART-naïve people living with HIV para-
doxically had a higher incidence of hypertension, contrary 
to findings in other studies [11,12]. This finding is possibly 
due to confounding by indication, since ART-naïve partic-
ipants are more likely to have more review visits following 
ART initiation and therefore more frequent BP monitor-
ing. Furthermore, participants with prior ART exposure 
and longer durations on ART had higher odds of prevalent 
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hypertension at baseline and were likely differentially ex-
cluded. We did not find a significant association between 
incident hypertension and other previously reported risk 
factors such as diabetes and abnormal lipid levels [15,34]. 
These risk factors may require longer exposure to have an 
impact on BP. The lack of association between Black race 
and hypertension is possibly due to restrictions on report-
ing race in certain cohorts and the underrepresentation 
of Black people in RESPOND, which is primarily based in 
Europe and Australia. The missingness of data on other 
analyzed variables could have resulted in the loss of statis-
tical power, although the proportion of participants with 
missing data was generally small.

The present analysis has several limitations. First, we 
cannot rule out residual confounding, as this was an ob-
servational study. There is also potential channeling bias, 
since 66.7% of participants receiving INSTIs had been on 
PI-based regimens, and participants on INSTIs generally 
had higher estimated 5-year predicted CVD risk scores. 
However, the use of INSTIs was still associated with a 
higher incidence, even when we considered a 6-month 
washout period and adjusted for 5-year predicted CVD 
risk scores at baseline. However, the hypertensive effects 
of prior ART regimens, such as atherosclerosis, may not 
be reversed within 6 months. Second, we did not eval-
uate other hypertension risk factors such as non-ART 

T A B L E  3   Sensitivity analyses of Incidence of hypertension by ART regimen

Sensitivity analysis description
Number 
included

Number of 
hypertension events

Variable 
categories

Adjusted IRR 
(95% CI) p-Value

Primary analysis 4606 1058 INSTIs vs. NNRTIs 1.76 (1.47–2.11) <0.001

INSTIs vs. PIs 1.07 (0.89–1.29) 0.460

Only PLWH with normal BP (SBP 
<130 and DBP <85) included in the 
analysis

2914 371 INSTIs vs. NNRTIs 2.19 (1.63–2.95) <0.001

INSTIs vs. PIs 1.01 (0.76–1.34) 0.937

PLWH with CVD or CKD excluded from 
analysis

4503 1038 INSTIs vs. NNRTIs 1.76 (1.47–2.11) <0.001

INSTIs vs. PIs 1.07 (0.89–1.29) 0.471

Primary analysis but with adjustment 
made for D:A:D cardiovascular risk 
scores at baseline

4606 1058 INSTIs vs. NNRTIs 1.62 (1.35–1.94) <0.001

INSTIs vs. PIs 0.94 (0.78–1.13) 0.481

Primary analysis but with adjustment 
made for cohort

4606 1058 INSTIs vs. NNRTIs 1.75 (1.46–2.10) <0.001

INSTIs vs. PIs 1.08 (0.90–1.30) 0.426

Primary analysis but with primary 
endpoint based on BP only (initiation 
of antihypertensives ignored)

4606 933 INSTIs vs. NNRTIs 1.75 (1.45–2.12) <0.001

INSTIs vs. PIs 1.08 (0.89–1.31) 0.461

Primary analysis with the definition 
of hypertension just based on the 
initiation of anti-hypertensives (high 
BP ignored)

4606 282 INSTIs vs. NNRTIs 1.74 (1.18–2.57) 0.005

INSTIs vs. PIs 0.83 (0.56–1.22) 0.345

6 months washout 4150 911 INSTIs vs. NNRTIs 1.63 (1.35–1.98) <0.001

INSTIs vs. PIs 0.99 (0.82–1.20) 0.918

Baseline period pushed to 2014a or after 4617 1060 INSTIs vs. NNRTIs 1.77 (1.48–2.12) <0.001

INSTIs vs. PIs 1.07 (0.89–1.29) 0.454

Participants with missing data excludedb 3027 763 INSTIs vs. NNRTIs 1.83 (1.48–2.27) <0.001

INSTIs vs. PIs 1.15 (0.92–1.43) 0.225

Participants with predicted 5-year risk 
scores <5%

4042 877 INSTIs vs. NNRTIs 1.75 (1.44–2.13) <0.001

INSTIs vs. PIs 1.05 (0.86–1.28) 0.610

Notes: In each of the presented analyses, we adjusted for potential confounders including the nucleoside/nucleotide reverse transcriptase inhibitor backbone, 
baseline BP levels and other covariates adjusted for in the primary analysis (Table 2). INSTIs vs. NNRTIs means that NNRTIs is the reference group; similarly, 
INSTIs vs. PIs means that PIs is the reference group.
Abbreviations: ART, antiretroviral therapy; BP, blood pressure; CI, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; D:A:D, Data 
Collection on Adverse Events of Anti-HIV Drugs; DBP, diastolic blood pressure; INSTI, integrase strand transfer inhibitor; IRR, incidence rate ratio; NNRTI, 
non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitors; PLWH, people living with HIV; SBP, systolic blood pressure.
aThe date of initiation of ART initiation (ART-naïve) or commencement of a new third antiretroviral regimen (for ART-experienced) after 2014 (i.e., the date 
when dolutegravir was approved for use in Europe).
bModel with participants with any missing data on the variables in the final models excluded.
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pro-hypertensive medications, anxiety, diet, physical in-
activity and family history of hypertension. In addition, 
the analysis mainly focused on ART-class comparisons 
and was not powered for individual antiretroviral drug 
comparisons, although the risk of hypertension may dif-
fer among individual INSTIs, as has been demonstrated 
with PIs [15]. Furthermore, few participants were receiv-
ing bictegravir, cabotegravir, or doravirine, which were 
excluded from the analysis despite the increasing use of 
these agents. Individual drug comparisons, including 
NRTIs, should be considered in larger cohorts with greater 
exposure to these agents. Finally, BP measurements are 
not standardized across cohorts, which may limit the gen-
eralizability of results. However, we excluded cohorts with 
sparse BP monitoring.

Furthermore, participants may also have had BP mea-
sured outside HIV settings. The strength of this analysis 
is that it used routinely collected clinical data from het-
erogeneous cohorts with older populations at significant 
CVD risk. Additionally, in all analyses, adjustment was 
made for the baseline calendar year, since BP monitoring 
frequency may increase with the increasing concern about 
CVD.

Our results have several implications. First, they sug-
gest that hypertension is common in people living with 
HIV, even in the era of contemporary ART, and indicates 
that people living with HIV, especially those receiving 
INSTIs or PIs, should have regular BP monitoring. This is 
important given that INSTIs are increasingly the preferred 
ART option [44–46]. The incidence of hypertension in this 
study was higher than in other predominantly Caucasian 
cohorts [15,35] but comparable to that in cohorts with sig-
nificant CVD risk [47,48]. The high incidence in the pres-
ent study possibly reflects an ageing and predominantly 
ART-experienced population. Furthermore, participants 
with prior AIDS or traditional risk factors should be rou-
tinely monitored for hypertension.

In conclusion, the results of this analysis show a high 
incidence of hypertension in people living with HIV and 
suggest that contemporary ART regimens are differen-
tially associated with hypertension. Hypertension was 
more common with INSTIs than with NNRTIs, but the 
incidence was not different with PIs, although we cannot 
entirely exclude potential channelling bias and residual 
confounding. Whether the higher risk of hypertension 
with INSTIs is associated with weight gain will be explored 
in a planned analysis within RESPOND. Our results sug-
gest that participants with prior AIDS or traditional risk 
factors should be monitored for hypertension at each visit, 
especially after initiating INSTIs and PIs. Future studies 
should investigate the risk of hypertension due to individ-
ual INSTIs and the relationship between INSTI-associated 
weight gain and hypertension.
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