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Globally, CVD is a Leading Concern for PLWH

*Type 1 myocardial infarction events.

1. Triant VA, et al. J Clin Endocrinol Metab 2007;92:2506–12; 2. Obel N, et al. Clin Infect Dis 2007;44:1625–31; 3. Lang S, et al. AIDS 2010;24:1228–30; 4. Durand M, et al. J Acquir Immune Defic Syndr 2011;57;245–53;                                                                                                                 
5. Freiberg MS, et al. JAMA Intern Med. 2013;173:614–22; 6. Paisible AL, et al. J Acquir Immune Defic Syndr 2015;68:209–16; 7. Drozd DR, et al. J Acquir Immune Defic Syndr 2017;75:568–76.
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Consistent Increase in the Relative Risk of AMI Among PLWH Vs Controls 

Across Studies in Different Regions of the World1–8
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CVD Risk Reported to be Twice as High in PLWH

Results of a systematic meta-analysis >790,000 PLWH reported a pooled RR of incident 

CVD of 2.16 (95% CI, 1.68–2.77), which is within the range of traditional CV risk factors1,2

CV risk of HIV compared to TRF2,a

0 1 2 3 4 5

INTERHEART

Hypertension

Diabetes

Lipidsd

Smokinge

Shah et al.

HIVf

TRF=traditional risk factors.
aBecause odds ratios can give inflated estimates of risk when the outcome is common, it is likely that the RRs of traditional risk factors in the INTERHEART study are smaller and thus closer to that of HIV.
bRisk of acute MI, adjusted for age, sex, and smoking. Adjustment for confounders was limited to those available in the primary studies. cRisk of ASCVD (CVD, stroke, or MI). dHigh ApoB/ApoA1 ratio. eOR (99% CI) 

for current smoking; PAR for any smoking. fPAR for 2015 using prevalence data for HIV for the 15- to 49-year-old group. Apo indicates apolipoprotein.

ASCVD, atherosclerotic cardiovascular disease; OR, odds ratio; PAR, population attributable risk; and RR, risk ratio.

1. Shah ASV et al. Circulation. 2018;138 (11):1100-1112. 2. Hsue P et al. Circulation. 2018;138 (11):1113-1115.

OR (99% CI)b PAR

2.48 (2.30-2.68) 23.4%

3.08 (2.77-3.42) 12.3%

3.87 (3.39-4.42) 54.1%

2.95 (2.72-3.20) 36.4%

RR (95% CI)c PAR

2.16 (1.68-2.77) 0.92%

















Martini S. et al.



Weight gain



Pre-ART ERA: 

wasting syndrome



Old and new ARVs



Body-Fat Abnormalities in HIV-
Infected Adults 

Grinspoon S et al, N Engl J Med 2005;  Godfrey C et al, J Infect Dis 2019
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*

Risk factor for significant (≥10%) weight gain OR (95% CI) p value

BIC/DTG vs EFV 1.82 (1.24, 2.66) 0.002

EVG/c vs EFV 1.36 (1.04, 1.78) 0.026

RPV vs EFV 1.51 (1.03, 2.20) 0.035

ATV/r vs EFV 0.92 (0.59, 1.45) 0.73

TAF vs AZT 1.75 (1.04, 2.95) 0.034

TAF vs ABC 1.90 (1.25, 2.88) 0.003

TAF vs TDF 1.47 (1.14, 1.90) 0.003

22

• Pooled analysis of eight RCTs of treatment-naïve PLHIV (N=5,680)
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• Global increase over past 3 decades2

1. CDC. National Center for Health Statistics. Obesity and Overweight. https://www.cdc.gov/nchs/fastats/obesity-overweight.htm. Accessed 11-Dec-2019

2. National Academies of Sciences, Engineering, and Medicine. 2019. Current Status and Response to the Global Obesity Pandemic: Proceedings of a Workshop. Washington, DC: The National Academies Press.

In 2015-2016, ~70% of adults aged 20 and over in the United States were overweight or obese1

BMI Category BMI Value

Underweight < 18.5

Normal 18.5 – 24.9

Overweight 25.0 – 29.9

Obese > 30.0
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Obesity Prevalence is Increasing Worldwide

https://www.cdc.gov/nchs/fastats/obesity-overweight.htm


PROPRIETARY ICONS GO HERE (GO TO INSERT > HEADER & FOOTER TO 

REMOVE THIS TEXT)

In the general population, studies have shown an average weight gain of 0.5 kg     (1.2 lb) per 
year

• Weight gain over an 18-year (1990-2008) follow-up period was 
assessed in a nationally representative cohort of 10,295 US adults 
(mean age at baseline 29.2 ± 0.03)1a

• Study population included 79% non-Black 
(non-Hispanic), 14% Black, and 7% 
Hispanic

• Individuals generally shifted into a higher 
BMI category 
by middle age

• Average weight gain over the follow-up 
period was 9-10 kg 
• This corresponds to a BMI increase in men of 3.1 kg/m2

(12% from BL) and in women 3.5 kg/m2 (14% from BL)

• Early and rapid weight gain increased the risk for obesity-
related conditions

Average weight over time for men and 

women in the general population
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EACS guidelines



Molti 
dubbi….



The epidemiology is 
changing… Finucane M, et al. Lancet 2011;377:557–567

OVERWEIGHT



The epidemiology is 
changing… Finucane M, et al. Lancet 2011;377:557–567

OBESITY



ADVANCE: percezione dell’aumento di peso
• 250 persone intervistate (150 femmine, 93 maschi)

35 (14%) scontenti

22 (9%) indifferenti

193 (77%) contenti

Su 20 persone intervistate con aumento di peso >20% solo 2 non erano soddisfatte
Nessuno ha richiesto sospensione o variazione della ART per variazione di peso

Presented at IAS 2019, 
slides MOAX0102LB



La 
patogenesi

….



Ji Hee Yu et al. Diabetes Metab J 2012;36:391-398 

A schematic representation of 
the multiple systems 
regulating appetite. AgRP, 
agouti-related peptide; ARC, 
arcuate nucleus; CCK, 
cholecystokinin; GLP-1, 
glucagon-like peptide 1; LHA, 
lateral hypothalamic area; 
NPY, neuropeptide Y; NTS, 
nucleus of the solitary tract; 
OXM, oxyntomodulin; POMC, 
pro-opiomelanocortin; PP, 
pancreatic polypeptide; PVN, 
paraventricular nucleus; PYY, 
peptide YY.

Inhibition of α-melanocyte stimulating hormone



Inhibition of α-melanocyte stimulating hormone

• In vitro studies demonstrated that dolutegravir inhibited the binding of 
radiolabelled α-melanocyte stimulating hormone to the human recombinant 
melanocortin 4 receptor, which may interfere with the regulation of food 
intake and lead to obesity

Committee for Medicinal Products for Human Use (CHMP). European medicines
agency. Assessment report. Dolutegravir (Tivicay). November 21, 2013; McMahon 
C et al. PLoS ONE. 2020;15:e0229617.

However, McMahon et al.

subsequently found that drug

concentrations substantially greater

than clinical exposure are required

for antagonism of the melanocortin-4

receptor to occur, thus refuting this

hypothesis



Adipocyte differentiation of 3T3-L1 cells under 
TAF, TDF and INSTIs selective challenge: an in 

vitro mode

AIDS. 2023 Mar 15;37(4):561-570.

• Perna A, Carleo MA, Mascolo S, Guida A, Contieri M, Sellitto C, Hay E, de 
Blasiis P, Lucariello A, Guerra G, Baldi A, De Luca A, Maggi P, Esposito V.
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BACKGROUND

The Integrase Strand Transfer Inhibitors (INSTI) class of drugs is characterized by a

good tolerability profile and a relatively high genetic barrier to HIV drug resistance.

However, several studies reported greater weight gain among persons receiving INSTI-

based regimens for initial therapy as compared to protease inhibitors (PIs) and

nucleoside reverse transcriptase inhibitors (NNRTI)-based regimens. These studies

could be affected by several potential biases, because of the large number of metabolic

comorbidities affecting these patients together to high risk of pharmacological

interactions. Since adipocyte differentiation recognizes an important regulatory

checkpoint by two families of transcription factors, the CCAAT/enhancer-binding

proteins (C/EBPs) and the peroxisome proliferator-activated receptors (PPARs), the

evaluation of the expression of adipocyte differentiation markers, such as PPAR-γ and

C/EBP-α, is routinely used to evaluate fat tissue differentiation and it has been already

assessed to investigate adipocyte differentiation in studies on HIV infected patients.

RESULTS

Compared to the control, RAL, EVG, DTG and

BIC were all able to increase adipogenesis,

being RAL and ELV somehow more efficient,

while TAF slightly inhibited adipogenesis. When

used in combination with the other INSTIs, TAF

was able to reduce the adipogenic effects of all

the four drugs. This effect was more evident

when TAF was used in combination with DTG

and BIC.

METHODS

We used the 3T3-L1 cells in vitro model of adipogenesis to investigate the effects on

adipocyte differentiation of the newer NRTI, tenofovir alafenamide fumarate (TAF),

alone or in combination with the four INSTIs, raltegravir (RAL), elvitegravir (EVG),

dolutegravir (DTG) and bictegravir (BIC). The effects of the drugs on cell viability

were determined by the MTT assay (data not shown). Expression levels of PPARɣ

and C/EBP⍺, and the intracellular lipid accumulation by Red Oil staining, were used

to monitor adipocyte differentiation.

TAF+ELV

Day 2              Day 5             Day 8 

PPARɣ

C/EBP⍺

TAF+RAL

Day 2              Day 5             Day 8 

PPARɣ

C/EBP⍺

TAF+DTG

Day 2              Day 5             Day 8 

PPARɣ

C/EBP⍺

TAF+BIC

Day 2              Day 5             Day 8 

PPARɣ

C/EBP⍺

A

B

Day 2 

(PPAR)

Day 5 

(PPAR)

Day 8 

(PPAR)

Day 2 

(C/EBP)

Day 5 

(C/EBP)

Day 8 

(C/EBP)

Cont. 1 2 3 Cont. 1 2 2 // 3

TAF 0-1 2 2 TAF 0-1 2 2

ELV 2 3 2 ELV 0 2 2

ELV+TAF 3 2 1 ELV+TAF 0 1 2

RAL 1 3 3 RAL 0 1 1

RAL+TAF 3 2 2 RAL+TAF 0 1 2

DTG 1 2 2 DTG 0-1 2 2

DTG+TAF 3 2 0 // 1 DTG+TAF 0 1 2

BIC 2 2 3 BIC 0-1 1 2

BIC+TAF 2 2 0 // 1 BIC+TAF 0 1 2

CONCLUSIONS

Several clinical data suggest that therapy with INSTIs could determine

weight gain, especially if associated with TAF. Our results confirm that

INSTIs could increase adipogenesis, while, on the other hand, in our 3T3L1

cells in vitro model of adipogenesis, TAF shows an inhibitory effect, being

able to effectively contrast the increased adipogenesis caused by other

INSTIs, in particular DTG and BIC. Taken together, these evidences are

suggestive for an antagonistic effect of different antiretroviral drugs routinely

used in therapeutic association on adipocyte differentiation. In the light of

our observations we hypothesize that clinical data showing an additive

effect of INSTIs and TAF on weight gain could be affected by biases due to

the multifactorial nature of the weight gain phenomenon.

Author Contact Information: Vincenzo Esposito, Infectious Diseases and Gender Medicine Unit “D. Cotugno” Hospital – AO dei Colli,

Via G. Quaglieriello, 54 80131 Naples Italy. E-mail: vincenzoesposito@ospedalideicolli.it
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REVERSIBILITY OF TAF- AND/OR INSTI-
ASSOCIATED WEIGHT GAIN

Athena Cohort

Myrthe L. Verburgh et al., CROI 2023 ABSTRACT 

673

1440 of 6245 eligibe participants gained >=7% weight gain after switch to TAF and/or INSTI







Il principio di indeterminazione di Eisemberg



Ma l’obesità è davvero un fattore di 
rischio?



/ ADVANCE: QRISK score in ART-naïve participants (N=1,053), 

randomised to DTG + TAF/FTC, DTG + TDF/FTC or EFV/TDF/FTC1

/ RESPOND: Incidence of CVD in INI-naïve patients exposed to DTG, 

EVG/c or RAL during follow-up (N=29,340)2

/ Rolle et al: Switch to BIC/TAF/FTC (N=673) versus various 

DTG-based regimens (N=283); no significant changes in 

cardiometabolic parameters between treatment groups at Week 483

/ TANGO: Adjusted odds of Framingham risk score ≥10% were similar 

between DTG/3TC and TAF-based regimen groups (N=741)4

/ Swiss HIV Cohort Study: Over a median of 4.9 years’ follow-up, no 

difference was observed in CV events between treatment-naïve 

patients starting INIs and those starting other ART (N=5,362)5

1. McCann K, et al. AIDS 2021;35:1657–65; 

2. Neesgaard B, et al. Lancet HIV 2022;9:e474−85; 3. Rolle CP, et al. AIDS 2022. Poster EPB116 

4. Batterham RL, et al. Int Workshop Long-term Complications HIV SARS-CoV-2 2021. Slides ADRLH 25

5. Surial B, et al. CROI 2023. Oral 149 

DTG + TAF/FTC 

vs EFV/TDF/FTC

Current data linking 

CVD risk and INIs 

are limited and 

inconclusive; further 

longer-term studies 

are required1–5

Increased risk             No association Decreased risk

Key – overall study results show: 

INIs vs non-INI 
(short term)      (long term)

BIC/TAF/FTC vs DTG

DTG/3TC vs 

TAF-based regimens

INIs vs non-INI



Framingham Cardiovascular Events Prediction

2,37 2,53 2,242,37 2,47 2,162 2,75 2,52
0

5

10

15

TAF/FTC + DTG TDF/FTC + DTG TDF/FTC /EFV

Adapted from Hill A, et al. CROI 2020. Boston, MA. Oral 81

ADVANCE Trial – Framingham Risk Equation

Estimated 10-year risk of myocardial infarction or coronary death

(based on Framingham Risk Equation1) 

baseline W48 W96 baseline W48 W96 baseline W48 W96

No difference in Framingham risk equation results at W96 among the three arms* 
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+0.00%
+0.43%

-0.06%

+0.22%

-0.08%
+0.28%

* no p value was reported

1. Framingham Heart Study Project, accessible on 
https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-
disease-10-year-risk/

(n=185) (n=187) (n=191)

low risk1

(10% or less coronary 

heart disease risk at 10 
years)

intermediate risk1

(10-20% coronary 

heart disease risk at 10 
years)

https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-10-year-risk/


NAIVE e EXPERIENCED
43,805 pazienti inclusi

365,287  PYFU

SOLO NAIVE
9,321 pazienti inclusi

43,982 PYFU



CV Risk





















Results

• 42,382 PWH: 54% were treated with INSTI-based regimens. 

• Mean age 38 years, 74% male.

• PWH on INSTIs were 31% more likely to develop new-onset diabetes mellitus/hyperglycemia (HR 1.31) compared to those who 

initiated non-INSTI based regimens. 

• The highest risk was associated with elvitegravir (aHR 1.54) and the lowest risk with raltegravir (aHR 1.19).

O’Halloran et al_Clin Infect Dis. 2022

 INSTI use was associated with increased risk of new-onset diabetes mellitus/hyperglycemia in the six

months following ART initiation.

Integrase Strand Transfer Inhibitors Are Associated With Incident Diabetes Mellitus in PWHIV









RESULTS

o BL systolic BP 120 mmHg, 

o BL diastolic BP 78 mmHg

o BL age 43 years

• Over 8380.4 person-years 23.0% 

participants developed hypertension.

• Participants receiving INSTIs had a 

higher incidence of hypertension than 

those receiving NNRTIs (aIRR 1.76)

• The incidence was no different in those 

receiving PIs (aIRR 1.07)

• Prior AIDS, CD4 count <350 cells/μl, ART 

naïve, age>5-years increase and obesity

were predictors of hypertension.

Byonanebye DM et al_HIV Medicine 2022

Incidence of hypertension in people with HIV who are treated with integrase inhibitors 

versus other antiretroviral regimens in the RESPOND cohort consortium



•DISCUSSION

• There is an association between the use of INSTIs and weight gain, a key risk factor for hypertension. 

• The use of INSTIs has also been associated with adipogenesis, oxidative stress and insulin resistance and these 

metabolic derangements have been associated with hypertension. 

• Additional studies have linked INSTIs with other predictors of hypertension such as dyslipidaemia and diabetes mellitus. 

• Did not find a significant association between incident hypertension and other previously reported risk factors such as 

diabetes and abnormal lipid levels. These risk factors may require longer exposure to have an impact on BP.

• Few participants were receiving bictegravir, cabotegravir, or doravirine, which were excluded from the analysis.

 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.

•Byonanebye DM et al_HIV Medicine 2022

Incidence of hypertension in people with HIV who are treated with integrase inhibitors 

versus other antiretroviral regimens in the RESPOND cohort consortium



Recently published evidence about to cardiometabolic outcomes associated to ART





RESULTS
•29 340 PLWH included: 74.4%  male, median age 44.3 years.

• As of Dec 31, 2019, 47.7% of participants had been exposed to an INSTI: 

8647 DTG (>50%), 3344 ELV/c, 3296 RAL, 840 BIC.

• FU of 6.16 years:  2.5% individuals had a cardiovascular disease 

event.

• Crude cardiovascular disease incidence rate:

 No INSTI exposure        4.19 events per 1000 person-years in those 

with,

 More than 0 months to 6 months of exposure       8.46 events per 

1000 person-years,

 >24 to 36 months of exposure        4.25 events per 1000 person-

years.

• Compared with those with no INSTI exposure, risk of cardiovascular 

disease, increased in the first 24 months of INSTI exposure and 

thereafter decreased to levels similar to those never exposed.

•>0 to 6 

months

• IRR 

1.85

Neesgaard B et al_Lancet HIV 2022

Associations between integrase strand-transfer inhibitors and cardiovascular disease in 

people living with HIV: a multicentre prospective study from the RESPOND cohort consortium



> 0 to 6 months >6 to 12 months
>12 to 24 

months
>24 to 36 months >36 months p 

Primary model 1.85 (1.44-2.39) 1.19 (0.84-1.68) 1.46 (1.13-1.88) 0.89 (0.62-1.29) 0.96 (0.69-1.33)
<0.00

1

Model with time-updated factors 

on the potential causal pathway
1.92 (1.47-2.52) 1.09 (0.74-1.61) 1.27 (0.95-1.70) 0.81 (0.54-1.22) 0.87 (0.61-1.26)

<0.00

1

Model (potential causal 

pathway and platelets)
1.93 (1.47-2.52) 1.09 (0.74-1.61) 1.27 (0.95-1.70) 0.82 (0.54-1.23) 0.88 (0.61-1.27)

<0.00

1

Model only adjusted for DAD 

CVD risk score
2.07 (1.61-2.66) 1.29 (0.91-1.83) 1.61 (1.25-2.07) 1.00 (0.70-1.45) 1.11 (0.80-1.53)

<0.00

1

Excluding PLWH with previous 

CVD event
1.83 (1.39-2.41) 1.12 (0.77-1.63) 1.36 (1.03-1.80) 0.86 (0.58-1.28) 0.97 (0.69-1.38)

<0.00

1

Excluding from events invasive 

CVD procedures
1.77 (1.30-2.41) 1.13 (0.74-1.73) 1.55 (1.15-2.08) 0.73 (0.45-1.17) 0.93 (0.63-1.38)

<0.00

1

Only PLWH who started or 

switched ART after 2012
1.76 (1.31-2.37) 1.18 (0.82-1.71) 1.41 (1.05-1.89) 0.98 (0.68-1.43) 1.03 (0.72-1.46) 0.002

Including only centrally 

adjudicated CVD events
1.37 (0.89-2.12) 1.30 (0.82-2.06) 1.33 (0.93-1.90) 0.93 (0.61-1.42) 0.88 (0.59-1.31) 0.22

OVERALL AND SENSITIVITY ANALYSES

Adjusted incidence rate ratio of the CVD composite endpoint by cumulative exposure to INSTIs, compared with no INSTI exposure

Neesgaard B et al_Lancet HIV 2022

Associations between integrase strand-transfer inhibitors and cardiovascular disease in 

people living with HIV: a multicentre prospective study from the RESPOND cohort consortium



DISCUSSION

• First assessment of INSTI exposure and cardiovascular disease events to use data derived from a large and 

multinational cohort.

• The association INSTI/CVD events appeared similar in individuals with high and low estimated cardiovascular disease 

risk and across a wide range of sensitivity analyses. 

• Because increased BMI is associated with cardiovascular disease, INSTI exposure could potentially increase cardiovascular 

disease risk over time.

• The absence of an attenuated effect after adjusting for BMI and other known risk factors for cardiovascular disease 

suggests different possible explanations: 

1. Not captured the risk factors for cardiovascular disease or unmeasured risk factors in the INSTI-exposed population;

2. INSTIs can increase rates of cardiovascular disease events via a different mechanism unrelated to known risk factors

(e.g.  drug-induced platelet hyper-reactivity,  or the antibody-mediated clot formation and thrombocytopenia)

 Although the potential for unmeasured confounding and channelling bias cannot fully be excluded, INSTIs initiation was 

associated with an early onset, excess incidence of cardiovascular disease in the first 2 years of exposure, after accounting

for known cardiovascular disease risk factors.

Associations between integrase strand-transfer inhibitors and cardiovascular disease in 

people living with HIV: a multicentre prospective study from the RESPOND cohort consortium
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The study participants had no prior history of

atherosclerotic cardiovascular disease and had

comorbidities and laboratory values (including

cholesterol and triglyceride levels) consistent with

low to moderate CVD risk — a population that

would not normally be advised to take statins.

(…)

At its most recent meeting, the board recommended

that the study should be stopped early because the

statin was already showing a clear benefit.

Participants who took pitavastatin had a 35%

lower risk for major cardiovascular events,

making it unethical to keep some participants on the
placebo.



Grazie per 
l’attenzione

•«Vi è un’età in cui si insegna ciò che si sa;

•Ma poi ne viene un’altra in cui si insegna ciò 
che non si sa: e questo si chiama fare 

ricerca»

•R. Barthes 


