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ART and Life Expectancy in the US

Marcus et al, JAIDS, 2016
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Myocardial Infarction Risk in the ART Era

DAD Study Group, NEJM, 2007
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Increased Risk of Myocardial Infarction in HIV

Triant et al, J Clin Endo, 2007
Currier et al, JAIDS, 2003

Frieberg et al, Ann Int Med, 2013
Althoff et al, Clin Inf Dis, 2015
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Increased Risk of Stroke in HIV
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HIV and Cancer Risk
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HIV and Cancer Risk
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HIV and Traditional Risk Factors in the US
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Traditional Risk Factors Not the Whole Story
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Question 1

Does treated HIV infection increase risk of CVD events in sub-Saharan 
Africa?

A. Yes
B. No
C. Who knows?
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United States and Europe
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Umkhanyakude District
rural KwaZulu-Natal, a setting with very high HIV
prevalence (12). The life expectancy of HIV pa-
tients who begin ART before they fall severely ill
and who subsequently adhere to their ART regi-
mens approaches the life expectancy of people
who are HIV-negative (13). However, extrapola-
tion to population-level life expectancy is not
straightforward, owing to the difficulties of mea-
suring treatment coverage (14), adherence and re-
tention (15), and survival for patients presenting at
later stages of HIV disease (16). In addition, ART
programs may have spillover effects on other as-
pects of health systems, which may in turn affect
non-HIVmortality, although the direction andmag-
nitude of such effects have yet to be established
(17, 18). ARTscale-up may also have other spill-
over effects on mortality, through changes in rates
of depression and suicide, health care–seeking for
other conditions, HIV risk compensation, and risk
behaviors linked to survival expectations such as
substance abuse and violence. By focusing on
population-level life expectancy, we automatically
account for any spillover effects on contempora-
neous non-HIV mortality.

Existing estimates of population-level life ex-
pectancy in the era of ART are based on de-
mographic models (1, 2, 19–21), which rely on a
range of assumptions. For example, the South
African government uses United Nations East
Asia model life tables to infer age-specific mortal-
ity rates (20). In contrast to modeling approaches,
we directly measured dates of death using
individual-level data from a large community-
based population surveillance system.

The study population included all adult res-
ident and nonresident members of all households
in a 434-km2 surveillance area in rural KwaZulu-
Natal. Data on births and deaths were collected
from 2000 through 2011 via semiannual house-
hold survey visits, with response rates >99%
(22, 23). This Health and Demographic Surveil-
lance System is maintained by the Africa Centre
for Health and Population Studies (Africa Centre),
a research center funded by the Wellcome Trust
and affiliated with the University of KwaZulu-
Natal. The Africa Centre’s population surveil-
lance is a dynamic (open) cohort (24), in which
individuals are observed from the date when they
join a household in the surveillance area. To ac-
count for complex patterns of cyclical migration,
individuals are observed regardless of whether
they reside in the surveillance area, provided that
they are members of a household under surveil-
lance. Individuals were included in this analysis
so long as their death would have been observed
had it occurred. The study included a total of
101,286 persons, of whom about 60,000 were
aged 15 years or older and under surveillance in
any given year.

The community is largely rural and is located
in one of the poorest districts in South Africa (25).
HIV prevalence is very high; 29% of adults are
HIV-positive, with about half of women aged 30
to 49 and about one-third of men aged 35 to 49
living with HIV (12). In the early 2000s, over

half of all deaths in this community were attrib-
utable to HIV (7).

In 2004, South Africa began to provide ART
for HIV-infected adults at government clinics and

hospitals, with the goal of achieving universal
coverage for all individuals meeting disease-stage
eligibility criteria. The public-sector HIV treat-
ment program serving the Africa Centre surveil-

Fig. 1. Adult life ex-
pectancy, 2000–2011.
Adult life expectancy is
the mean age to which
a 15-year-old could ex-
pect to live if subjected
to the full patternof age-
specific mortality rates
observed in a popula-
tion for a given period
of time. Annual esti-
mates of adult life ex-
pectancy (blue squares)
are shown for each year,
2000 to 2011, with 95%
CIs. Public-sector pro-
vision of ART to adults
in this community began
in 2004, as indicated by the vertical line.
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Fig. 2. Survival curves
for 2003and2011. Kaplan-
Meier survival curves for
2003 (solid red line) and
2011 (broken blue line)
were estimated for the
population under surveil-
lance. Each curve displays
the probability that some-
one would be alive at a
givenage if subjected to the
full pattern of age-specific
mortality rates observed in
that year. Conditional on
survival to 15 years, the
median length of life was
42.6 years in 2003 and
60.7 years in 2011.
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Fig. 3. Distributions of lengths
of life are presented for 2003
(solid red line) and 2011 (broken
blue line). The thin green line
displays the distribution of HIV-
cause–deleted lengths of life for
2001–2010, which are based on
mortality rates that exclude HIV-
related deaths. The proportion of
deaths occurring in young adult-
hood declined between 2003 and
2011, but there was still evidence
of excess HIV-related mortality
among young adults in 2011 (by
comparison to the HIV-cause–
deleted distribution of lengths
of life).
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TB Epidemiology in South Africa
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Awareness & Control of Hypertension in SA
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HIV and CAD Attributable Risk

Shah et al, Circulation, 2018
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Do NCD Risk Scores Apply in South Africa



Calle et al, NEJM 1999

United States

Obesity and All-Cause Mortality
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HIV and CVD Risk
HIV+
HIV-

Males Females
Gaziano et al, BMC Public Health, 2017
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HIV and Carotid Intima Media Thickness

Nantero et al, J AHA, 2019
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Chow et al, AIDS, 2012

Umkhanyakude District
HIV and Fatal Stroke Incidence

Siedner et al, 2018 IAS Conference
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HIV and Stroke Risk in Malawi

Characteristic Adjusted Odds Ratio* P-value Population Attributable Fraction

Hypertension 5.01 (3.02 – 8.29) <0.001 46%

Diabetes 3.41 (1.45 - 8.01) 0.005 3%

Current Smoker 2.36 (1.34 - 4.13) 0.003 6%

HIV Infection 3.28 (2.05 – 5.25) <0.001 15%

Benjamin et al, Neurology, 2016



13th ANNUAL WORKSHOP ON ADVANCED CLINICAL CARE

HIV and Stroke Risk in Malawi

Characteristic Adjusted Odds Ratio* P-value Population Attributable Fraction

Hypertension 5.01 (3.02 – 8.29) <0.001 46%

Diabetes 3.41 (1.45 - 8.01) 0.005 3%

Current Smoker 2.36 (1.34 - 4.13) 0.003 6%

HIV Infection 3.28 (2.05 – 5.25) <0.001 15%
Untreated 4.48 (2.44 – 8.24) <0.001
ART >6 months 1.49 (0.72 – 3.07) 0.23

Benjamin et al, Neurology, 2016
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United States
HIV and Coronary Disease

Lo et al, AIDS, 2010

HIV and MI Risk
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Lo et al, AIDS, 2010

Longenecker et al, Open Heart, 2019
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HIV and Cancer Risk in Botswana

Dryden-Petersen et al, CROI, 2018
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HIV and Cancer Risk in Botswana

Dryden-Petersen et al, CROI, 2018
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Source: CDC Surveillance Report 2018
Vukuzazi Study (through March 2019)
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Sub-Saharan Africa?
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Current Rural SA Health System

• Strong HIV treatment program

• Remainder of the chronic disease response
• 0 Oncologists in the public sector in uMkhanyakude District
• 0 Cardiologists in the public sector in uMkhanyakude District
• 0 Neurologists in the public sector in uMkhanyakude District
• 0 CT scanners in uMkhanyakude District
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Question 2

Does initiation of antiretroviral therapy increase the risk of 
cardiovascular events in HIV infection?

A. Yes
B. No
C. When is tea?
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ART and CVD risk: SMART Study

Outcome Relative Risk* P-value Total Events

Death 1.8 (1.2-2.9) 0.007 55

SMART Study Group, NEJM, 2006

*Relative risk comparing those with ART treatment 
interruption versus those who remained on therapy
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ART and CVD risk: SMART Study

Outcome Relative Risk* P-value Total Events

Death 1.8 (1.2-2.9) 0.007 55

Serious OI 6.6 (1.5 – 29) 0.01 13

*Relative risk comparing those with ART treatment 
interruption versus those who remain on therapy

SMART Study Group, NEJM, 2006

*Relative risk comparing those with ART treatment 
interruption versus those who remained on therapy

SMART Study Group, NEJM, 2006
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ART and CVD risk: SMART Study

Outcome Relative Risk* P-value Total Events

Death 1.8 (1.2-2.9) 0.007 55

Serious OI 6.6 (1.5 – 29) 0.01 13

Major CV Event 1.7 (1.1-2.5) 0.009 65

*Relative risk comparing those with ART treatment 
interruption versus those who remain on therapy

SMART Study Group, NEJM, 2006

*Relative risk comparing those with ART treatment 
interruption versus those who remained on therapy

SMART Study Group, NEJM, 2006
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CD4, Viral Load and CVD Risk

Freiberg et al, Ann Int Med, 2013

Risk of Acute Myocardial Infarction by
HIV Viral Load and CD4 Count Category
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CD4, Viral Load and CVD Risk

Freiberg et al, Ann Int Med, 2013

Risk of Acute Myocardial Infarction by
HIV Viral Load and CD4 Count Category
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ART Timing and Cancer Risk

Borges et al, Clin Inf Dis, 2016

HR=0.28 (0.13-0.58, P<0.001)
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A " " " " " " " " " ""B"

b= –1.1 cells per year; (95% CI, -8.4 to 6.2); P=0.76 

Siedner et al, Clin Inf Dis, 2015

Trends in CD4 Count at ART Initiation in SSA
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Immune Activation and CVD Events in SMART
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HIV, Gender and Inflammation in Uganda

Siedner et al, J Infect Dis, 2018
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Gender, HIV, and CVD Risk

• Multiple cohort studies suggest that women with HIV have relatively 
increased risk of CVD (over uninfected counterparts) of CVD than men

• Women have higher rates of traditional risk factors

• Women appear to have less decreases in immune activation than 
men after ART initiation

Triant et al, J Clin Endo, 2007
Lang et al, AIDS, 2010

Womack et al, CROI, 2014
Hessamfar, PLoS One, 2014

Mathad et al, JAIDS, 2016
Siedner et al, JID, 2018
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Question 3:

Which of these factors appear to contribute to CVD risk in peole with 
HIV?

A. Smoking
B. Hypertension
C. CD4 count nadir
D. Virologic failure
E. Female gender
F. All of the above
G. He wasn’t kidding about talking for two hours
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HIV and CVD: Screening and Primary Prevention

• ART Regimens, metabolic disorders, and CVD Risk

• Screening for CVD risk factors

• Screening for CVD
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HIV and Dyslipidemia

Ridker et al, JAMA, 2003

Treatment Status Low Density Lipoprotein High Density Lipoprotein Total Cholesterol Triglycerides

HIV Negative REF REF REF REF

Untreated

After ART Initiation --
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ART and Dyslipidemia

Estrada et al, AIDS Rev, 2011
Gallant et al, NEJM, 2006

Santos et al, Clin Inf Dis, 2015
Tebas et al, Clin Inf Dis, 2014
Grunfeld, Top HIV Med, 2010

Treatment Status Low Density Lipoprotein High Density Lipoprotein Total Cholesterol Triglycerides

HIV Untreated REF REF REF REF

Zidovudine

Tenofovir --
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ART and Dyslipidemia

Estrada et al, AIDS Rev, 2011
Gallant et al, NEJM, 2006

Santos et al, Clin Inf Dis, 2015
Tebas et al, Clin Inf Dis, 2014
Grunfeld, Top HIV Med, 2010
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ART and Dyslipidemia

Estrada et al, AIDS Rev, 2011
Gallant et al, NEJM, 2006

Santos et al, Clin Inf Dis, 2015
Tebas et al, Clin Inf Dis, 2014
Grunfeld, Top HIV Med, 2010

Treatment Status Low Density Lipoprotein High Density Lipoprotein Total Cholesterol Triglycerides

HIV Untreated REF REF REF REF

Zidovudine

Tenofovir --

Efavirenz

Nevirapine --

Ritonavir --

Lopinavir --

Atazanvir --
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Dolutegravir vs Efavirenz and Lipid Levels
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ART and Weight Gain?

Venter et al, NEJM, 2019

TAF/FTC/DTG +4.7kg

TLD +3.0kg

TLE +0.5kg

TAF/FTC/DTG +6.4kg

TLD +3.2kg

TLE +1.7kg

A. Mean Weight Change in Women B. Mean Weight Change in Women
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Do ARVs or ARV classes increase CVD risk?
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Class of Antiretroviral Therapy and CVD Risk

Friis-Møller et al, NEJM, 2007
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Class of Antiretroviral Therapy and CVD Risk

• Protease inhibitors and CVD risk
• Lopinavir and other older Pis associated with increased risk
• Atazanvir not associated with CVD risk in follow-up D:A:D Study analysis

Monforte et al, AIDS, 2013
Lang et al, JAMA Int Med, 2010
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Atazanavir and MI risk

LaFleur et al, JAIDS 2017
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Atazanavir and MI risk

LaFleur et al, JAIDS 2017
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Abacavir and Risk of Myocardial Infarction

Monforte et al, AIDS, 2013
Lang et al, JAMA Int Med, 2010
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Screening for CVD Risk in HIV Infection
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Screening for CVD Risk in HIV Infection
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Screening for CVD Risk in HIV Infection
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Screening for CVD Risk in HIV Infection
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Screening for CVD Risk in HIV Infection
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Screening for CVD Risk in HIV Infection



13th ANNUAL WORKSHOP ON ADVANCED CLINICAL CARE

Screening for CVD Risk in HIV Infection

Aberg et al, Clin Inf Dis, 2014
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Screening for CVD Risk in HIV Infection

Adapted from Aberg et al, Clin Inf Dis, 2014

Measurement Initial Evaluation Monitoring Frequency

Height/Weight (BMI) Baseline Annually

Smoking, diet, exercise Baseline Each Visit

Lipid profile Baseline and 1-3 months after initiation q6-12 months

Fasting Blood Sugar or A1c Baseline and 1-3 months after initiation q6-12 months

Blood Pressure Measurement Baseline Each Visit

Cardiovascular Disease
Risk Assessment

Baseline Annually
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Hemoglobin A1c and HIV Infection

• A1c might underestimate mean glucose in HIV-infected populations
• ~1.7 mmol/L (30 mg/dL) difference in mean glucose between HIV+/HIV-

• Some have advocated for a lower threshold (5.8%) in HIV

• ADA recommendations for discordant results between FBG and A1c:
• Repeat the test below the threshold (FBG >126 or A1c > 6.5%)
• If repeat below threshold, monitor
• If repeat above threshold, manage as if a diagnosis of DM

Kim et al, Diabetes Care, 2009
Eckhardt et al, AIDS Pt Care STDs, 2012

Slama et al, J Antimicr Chemo, 2014 
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CVD Risk Scores

• Scores
• Framingham Risk Score Calculator

• https://www.framinghamheartstudy.org/risk-functions/cardiovascular-disease/10-year-risk.php#

• Lab-based: using lipid panel
• Non-lab based: using BMI (no laboratory tests needed)

• Atherosclerotic Cardiovascular Disease Risk Estimator
• http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/

• ATP III Guidelines for Statin Use
• https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf

https://www.framinghamheartstudy.org/risk-functions/cardiovascular-disease/10-year-risk.php
http://tools.acc.org/ASCVD-Risk-Estimator-Plus/
https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf
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CVD Risk Scores in HIV Infection

• Do standard CVD risk scores under-predict risk in HIV-infected populations?

Subramanian et al, JAMA 2012
Law et al, HIV Medicine, 2006

Mateen et al, Neurology, 2013
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Feinstein et al Cardiovascular Disease in People With HIV

concerns are more mixed for contemporary NRTIs: Aba-
cavir has inconsistently been associated with elevated 
MI (but not necessarily HF) risk,196,197 whereas tenofovir 
disoproxil fumarate was associated with a lower HF risk 
among veterans with HIV.198 Data are lacking on the 

associations of other specific antiretrovirals with HF. In 
any case, the cardiovascular and general health ben-
efits of taking ART clearly outweigh the risks according 
to large, seminal studies of ART strategy favoring early 
and continuous ART.83,116

Figure 4. Pragmatic approach to atherosclerotic cardiovascular disease (ASCVD) risk assessment and prevention in treated HIV infection. 
This figure applies to people with treated HIV. For people with uncontrolled HIV, the first priority is appropriate HIV therapy to achieve viral suppression per the 
HIV provider. Thresholds based on findings of elevated CVD risk at current or nadir CD4 count <200, <350, and <500 cells/mm3 in Silverberg et al,25 Lichtenstein 
et al,26 and Triant et al.27 Hazard ratios and incidence rate ratios of 1.4 to 2.1 for myocardial infarction (MI) for people living with HIV (PLWH) vs uninfected people 
demonstrated in Freiberg et al,5 Triant et al,24 and Silverberg et al.25 Hazard ratio of stroke for PLWH vs uninfected people was 1.40 in Chow et al.8 ABI indicates 
ankle-brachial index; ACC/AHA, American College of Cardiology/American Heart Association; apoB, apolipoprotein B; ART, antiretroviral therapy; CAC, coronary 
artery calcium; CAD, coronary artery disease; CK, creatine kinase; CVD, cardiovascular disease; D:A:D, Data Collection on Adverse Events of Anti-HIV Drugs; hs-
CRP, high sensitivity C-reactive protein; LFT, liver function test; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein A; and PCSK9, proprotein convertase 
subtilisin-kexin type 9.
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Screening for Cancer Risk in HIV Infection
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Smoking, HIV, Cancer and CVD Risk

Reddy et al, JAMA IM, 2017

“ART-adherent individuals who continued to smoke were 6 to 13 times more 
likely to die from lung cancer than from traditional AIDS-related causes, 
depending on sex and smoking intensity.”
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Smoking Cessation and CVD Risk in HIV
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Petoumonos, HIV Medicine, 2011
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Cervical Cancer Prevention

Arbyn et al, Cochrane Database, 2018
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Therapy of CVD Risk Factors with ART Use
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Hypertension Management

• Similar recommendations to HIV-uninfected patients
• PIs expected to ,modestly increase levels of amlodipine and beta-

blockers marginally

• BP threshold controversy:
• SA Guidelines >140 sys or >90 dias
• 2017 AHA >130 sys or > 80 dias

Magodoro et al, under review
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ART and Lipid Interaction Pearls

• Most statins are generally tolerated with NRTIs and NNRTIs
• For patients on Pis

• Start at lower doses (particularly with atorvastatin and rosuvastatin) and 
monitor for myalgias and other statin-related side effects

• Avoid simvastatin, lovastatin, and high dose atorvastatin or rosuvastatin
• Pravastatin, rosuvastatin and pitavastatin generally safe with boosted PIs

• Caution with darunavir + pravastatin. Combination increases pravastatin levels by ~80%
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Statins as primary prevention?

Lo et al, Lancet HIV, 2015
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ART and Diabetes Interaction Pearls

• Dolutegravir and metformin interaction
• Single dose dultegravir raises metformin AUC levels 60-80%
• Double dose dultegravir raises metformin AUC levels 100-120%
• Consider starting with low dose metformin (500mg) and using maximum dose 

of 1,000mg
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Aspirin in HIV infection

• Standard guidelines for use of aspirin apply
• Typically indicated for patients with a known history of CVD
• Risks of bleeding and benefits must be balanced

• Of note, preliminary data suggest aspirin might have limited anti-
inflammatory effects in HIV infection

O’Brien et al, CROI Abstract 44LB, 2016
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Summary 1: HIV and CVD Epidemiology

• In US/Europe HIV+ have ~50% increased risk of CVD events and cancer
• Limited data about similar relationships in sub-Saharan Africa

• Both traditional and HIV-specific risk factors play a role
• Smoking, diabetes, hyperlipidemia play similar role as in HIV-
• HIV-associated immune activation, inflammation also appear to contribute
• Females with HIV appear to have increased risk of CVD events

• ART is associated with a significant decrease in risk of CVD events
• Initiation when CD4 >350 cells/uL appears to offer additional benefit
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Summary 2: ART, Metabolic Disorders and CVD

• Treated HIV infection is associated with modest decrease in HDL, and 
increases in LDL and triglycerides

• Protease inhibitors are associated with metabolic syndrome
• Ritonavir > Lopinavir > Atazanavir/Darunavir

• Mixed data on abacavir and MI risk
• Many providers avoid use of abacavir in those with known CVD or high risk of CVD 

events when other options available

• Dolutegravir associated with increased weight gain but similar lipid 
changes compared to EFV in treatment naïve
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Summary 3: Screening and Management of CVD
• Screen for obesity, hypertension, smoking, diabetes (A1c or FBG), and 

hypercholesterolemia prior to treatment and at least once annually
• Conduct annual CVD risk assessments 
• Assess role for lifestyle interventions and statin indications

• Management of CVD risk is similar to that of the HIV-infected populations
• BP and DM control, weight loss, lipid targets
• Secondary prevention (statins, aspirin)
• This might change after REPREIVE study published

• Special considerations
• Emphasis on behavioral risk factors including smoking and cervical cancer screening
• Consider drug-drug interactions when initiating statins
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Case 1

44 year old man with untreated HIV infection, presents to initiate care. 
CD4 325, viral load 100,000 copies/mL. No evidence of opportunistic 
infections. Other data include: BMI 31, former smoker, A1c 6.3%, LDL 
4.0 mmol/L (155 mg/dL). Which of these interventions is most likely to 
reduce his CVD risk?

A. Additional smoking cessation counseling
B. Addition of metformin
C. Initiation of antiretroviral therapy
D. Addition of pravastatin
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Case 2

52 year old woman with well controlled HIV infection, CD4 680, viral load 
below limit of detection of ABC/3TC/LPV/R (history of first-line failure 
without resistance). She presents to HIV clinic after suffering a recent 
myocardial infarction. She was initiated on aspirin in the hospital, but takes 
no other medicines. Her current evaluation notable for BP 128/67, BMI 35, 
non-smoker, A1c 5.5%, LDL 3.5mmol/L (135mg/dL). How would you adjust 
her HIV regimen?

A. No change, she is virologically suppressed
B. Change to TDF/3TC/ATV/R
C. Change to ABC/3TC/ATV/R
D. Discontinue ART for a treatment holiday given likely ART-related CVD
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Case 2, continued

What else would you suggest for this patient?

A. Diet, exercise, and lifestyle counseling
B. Initiate low dose atorvastatin
C. A and B
D. No other interventions at this time
E. Enough is enough. I’m calling the police to end this talk.
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Case 3

36 year old man is changed from TDF/FTC/EFV with a suppressed VL to 
TDF/3TC/DTG during routine programmatic switch as recommended by DoH
guidelines sometime in the future. Prior to change, he has a BMI of 32, a 
fasting blood glucose of 7.5, and is a former smoker. He works as a truck 
driver and is mostly sedentary. 8 months after change to DTG-based regimen 
his viral load is undetectable and he has gained 12 kilograms. How would you 
manage this patient?

A. No change, he is virologically suppressed
B. Change back to TDF/FTC/EFV
C. Initiate diet and exercise regimen
D. Call Francois
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Thank you for your attention!

Thanks to Dr. Sunpath, Moosa, Gandhi, the SA DoH and all the people 
who make this conference possible.

Please do not hesitate with any questions.

Mark Siedner
msiedner@mgh.harvard.edu


