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HIV ART



Comorbidities

> People with HIV (PWH) on ART show higher frequencies of non-AIDS defining comorbidities 
associated with aging

Serious non-AIDS defining 
events

PWH, N=540 (mean 12 
years sinces diagnosis & 
10 years on ART

HIV-, N=524

Schouten J et al, CID 2014



Christensen et al, Plos One Viruses 2019

Non-AIDS defining events



New health problem issue

Smit J et al, The Lancet Inf Dis 2015

Prediction of the distribution of PWH by age

> It is expected that in 2030 than >70% of PWH will have more than 50 years old

2010 2023 2030
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Inflammaging
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No-AIDS defining comorbidities & inflammaging

Cardiovascular 
disease

HIV / ART / inflammation / 
Risk factors

HIV involved in:
•Activation of monocytes
•Thrombotic and fibrinolysis
•Increased oxidized lipids

•Biomarkers for 
atherosclerosis → CVD
- VCAM-1
- Fibrinogen
- D-Dimer
- CRP
- Selectins
- IL-6
- TNF
- Changes in Monocytes     
- populations

Chronic Kidney 
disease

Activation / ART (some 
drugs) / Polypharmacy / Risk 

factors
•General immune activation

Cognitive 
impairment

HIV / Inflammation / Stress

•HIV infection of microglia 
(HIV reservoir → immune 
activation and senescence) 

•Inflammatory response →
increase oxidative stress

•Biomarkers with 
neurocognitive decline →
dementia 
- IL-6, CRP (plasma)
- TNFa, B2macroglobulin, 
S100beta, neopterin (CSF)

- Brain imaging 

Osteoporosis

HIV / Inflammation / 
Activation / ART (some 

drugs)

•TNFa increases NF-kb 
receptor, which stimulates 
bone resorption by 
osteoclasts

•TNFa and IL-1 inhibit 
osteoblast function 

•Tenofovir or protease 
inhibitors → neg effects on 
bone mineral density.

Hepatic 
disease

Inflammation / HCV / ART

•Inflammation, coinfections 
(HCV) oxidative stress, 
mitochondrial injury, gut 
microbial translocation 

•Recruitment of CTL, 
neutrophils, monocytes 
and NK cells to the liver →
chronic hepatitis

•Biomarkers
- Inflammation
- Endothelial dysfunction
- Coagulopathy

Cancer

Inflammation / coinfection 
(HPV) / Risk factors

• Oncogenic viruses with 
immunosupression→
expression of genes 
implicated in cell 
proliferation, apoptosis and 
carcinogenesis





ART Toxicity and polypharmacy

> ART toxicity accumulates over time causing clinically meaningful metabolic abnormalities 
(mitochondrial dysfunction) and organ damage, independently of the virus

> Older PWH are at greater risk of polypharmacy
Reviewed - Schank  et al, Cells 2021





Effect of HIV infection on 
immunoaging

Pre-ART



Effect of time to ART initiation in immunoaging

> High levels of IL-6, sTNRF-I and sTNRF-II, sCD14 and D-dimer, as well as senescence of CD8 T 
cells and exhaustion of CD4 T cells before ART are predictors of development of comorbidities 
and death after ART initiation. 

PWH with non-AIDS events 
within 3 years of ART 
initiation, N=143 

PWH without 
comorbidities N=345

Median Age: 45 years

Tenorio et al, JID 2014



Immediate ART reduces non-AIDS events

> START study showed that immediate ART provide net benefits, independently of 
immunologic state, to prevent AIDS and non-AIDS events. 

The INSIGHT START Study Group; NEJM, 2015

Immediate ART, N=2326

Deferred ART, N=2359

Median age: 36 Years

ART initiation: Median 1 year after 
diagnosis and 3.2 years of follow up



Immediate ART reduces non-AIDS events

> D-Dimer and IL-6 levels before ART predict the apparition of AIDS, severe non-AIDS events 
or death after ART initiation

Baker et al, Open Forum of Infectious Diseases, 2017

Immediate ART, N=2326

Deferred ART, N=2359

Median age: 36 Years
ART initiation: 
Median 1 year after diagnosis and 
3.2 years of follow up



Very early ART reduces inflammation to almost normal levels

> ART initiation during the acute phase reduce significantly most inflammation markers

Sereti I et al, CID , 2017

Median Levels from PWH treated in the chronic phase

Median levels in  uninfected



Aging with HIV, before and after 2015

INFLECTION 
POINT

2015

Hunt I et al, JID , 2016

> Lower incidence of opportunistic infections and cardiovascular events when ART is started 
a higher median pretherapy CD4+T-cell counts (according to data reported SMART and START 
Trials) 



Effect of HIV infection on 
immunoaging

Post-ART



Long-term effect of ART on inflammation

Grund B  et al, Plos One 2016

PWH, N=3766,

Mean 42 years of age
Mean 7 years since diagnosis 
Mean 4.9 years on ART

> Persistent high levels of IL-6 and D-Dimer is independently associated to comorbidities and 
mortality in PWH on ART.



Long-term effect of ART on Activation, senescence and exhaustion

Duffau P et al, AIDS 2018

> There is a higher frequency of activated and senescent  T cells, and increased inflammation (IL-
6, CRP), coagulation factors (D-Dimer) and activation of monocytes in PWH with >3 comorbidities

PWH, N=828

Mean age: 51 years
Mean 5 years of suppressive ART

Inflammation

Monocytes 
activation

Activation and 
senescence of T 

cells

Coagulation



ImmunoAging: accentuated or accelerated?

ACCELERATED 
AGING

ACCENTUATED 
AGING

Rodés et al, eBiomedicine 2022; Pathai et al, J of Gerontology, 2014



Long-term effect of ART - Inflammation

Watanabe  M, et al, Aging Cell 2022

> Higher levels of  sCD14, TNFa and sTNFR2 in PWH compared to uninfected individuals

PWH, N=42, 20 years since diagnosis

Uninfected N=46

Median age: 59 years (>50 years)

Comorbidities: PWH more CVD and liver 
disease



Long-term effect of ART - Inflammation

Vujkovic-Cvijin M et al,  JID, 2021

> The Complement pathway is activated in PWH on ART, and is associated with no-AIDS events

>  C5 correlates with CRP, a traditional altered marker

PWH, N=27
Uninfected N=27

Median age: 55 years
Complement



Immunologic age - Inflammation

De Armas et al , Aging 2021

PWH N=106, 
Uninfected N=103
Individuals between 19 and 79 
years
From 5 to 13 years on 
suppressive ART, depending on 
age group

> The inflammatory Index is higher in PWH than uninfected individuals, and correlates with age. 



Long-term effect of ART – Senescence and exhaustion

Jiménez VC et al, JID 2016

> Despite virologic suppression, PWH show higher levels of senescent hallmarks and exhaustion 
maker (PD-1) , causing a negative impact in health and aging

PWH, N=94, 13 years since diagnosis and 10 
years on ART
Uninfected N=95
Median age: 56 years

Low CD4/CD8 ratio Reduction of telomere 
length

Increase immune exhaustion



Long-term effect of ART - Senescence

Massanella et al, J Trans Med, 2015

> Despite effective suppressive ART, PWH show higher levels of  senescence in CD4 and CD8 T cell 
subsets (CD57+), especially those with low CD4 T-cell counts.

PWH, N=56, 12 years since infection
Uninfected N=11

Median age: 46 years

CD4 T cells CD8 T cells



Trigueros et al, manuscript in preparation
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> Some immune dysfunctions were associated to HIV replication (pre-ART), which do not totally resolve 
after ART initiation (HIV effect). In contrast, other well-described immune differences between PLW and 
uninfected individuals are not found significant in our study groups, suggesting that some dysfunctions 
equalize over time (Age effect). 

Long-term effect of ART – OVER50 STUDY

PWH,  N=27
Median 16 years on ART
Current CD4 T  cells  ≥ 350 cells/µl

Uninfected, N=24
Median age, 72 years
Similar number of 
comorbidities

= senescence / ▲ Activation 

T-cells NK-cells Monocytes B cells

= pro-inflammatory profile▲ Activation 

M. TriguerosE Negredo



Immunologic age – Activation, Senescence and Exhaustion

De Armas et al , Aging 2021

> Cellular markers associated with age are different between PWH and uninfected controls. 

PWH N=106, 
Uninfected N=103
Individuals between 19 and 79 
years
From 5 to 13 years on 
suppressive ART, depending on 
age group



Immunologic age – Inflammation + cellular markers

De Armas et al , Aging 2021

> Predicted age with the “Immunological Age prediction” with 25 parameters (IMAP25) 
correlated better with real age in the uninfected population.

> Only PWH younger group (<40 years) show a premature aging rate compare with their 
uninfected counterparts

PWH N=106, 
Uninfected N=103
Individuals between 19 and 79 
years
From 5 to 13 years on 
suppressive ART, depending on 
age group

***



Immunologic age - HIV DNA repair study

Negredo, Loste, Trigueros et al, Manuscript on preparation

CD8 T-cell Activation IL-6 Soluble CD14

PWH young vs old,  N=20+20
Chronic HIV infection >10 years and 
suppressive ART >5 years 
Nadir CD4 T  lymphocytes ≥ 300 cells/µl

Uninfected young vs older, N=15+15

> Major differences  in activation and inflammation are observed between younger PWH and 
uninfected, while no differences are found between the older group

0

2

4

6

H
L

A
-D

R
+

C
D

3
8
+

 

(%
 o

f 
C

D
8
 T

 c
e
ll
s
)

<0.001

0.05

Younger Older

HIV
status

- -+ +

<0.001p-value 

Kruskal-Wallis

0

5

10

15

s
C

D
1
4
 C

o
n

c
e
n

tr
a
ti

o
n

 

(µ
g

/m
l)

0.03

Younger Older

HIV
status

- -+ +

0.04p-value =

Kruskal-Wallis

0.000

0.005

0.010

0.015

0.020

0.025

C
o

n
c
e
n

tr
a
ti

o
n

 I
L

-6
 (

p
g

/m
l) 0.03

Younger Older

HIV
Status

- -+ +

0.04p-value =

Kruskal-Wallis

Macedonia 
Trigueros

Cora 
Loste

Eugenia  
Negredo



Immunologic Age

De Armas et al, JCI Insight 2017

> Higher differences are observed between PWH and uninfected control, especially in the younger group: 
- Higher individual expression of activation markers. 
- Higher number of co-expression of activation makers (at all age groups)
- Higher differences in inflammation

PWH Young vs Middle vs Old, N=28+67+45
Time on ART: 6y vs 11y vs 13y
Uninfected Young vs Middle vs Old, N=42+57+42

Median ages: 
Y:30 years vs M: 50 years vs O:65 years
Comorbidities: non-specified

CD4 T cell activation
(CD38, HLA-DR, PD-1, ICOS, Ki-67)



Metabolic alterations

Rinaldi et al, JAIDS 2022

> Age-related changes in metabolic pathways and innate immune activation are conserved in both 
PWH and uninfected
> HIV showed weaker activation of age-related molecular differences compared with HC as a 
reference group
> Age is also associated with an increase in T-cell immune activation in HC

Glycolysis

Oxidative phosphorylation

Gluconeogenesis

Inhibition of ARE-Meditated mRNA degradation pathway

Interferon signaling

Pyrimidine Ribonucleotides de novo Biosynthesis

Fcy rcpt –mediated phagocytosis in macrophages & monocytes

Death receptor signaling

Natural killer cell signaling

TREM1 signaling

PAK signaling

Sucrose degradation V

IL-15 Signaling

Natural killer cell signaling

Super-pathway of Inositol Phosphate Compounds

EGF signaling

Production of Nitric Oxide and reactive oxygen species in Macrophages

Estrogen receptor signaling

Fcy rcpt –mediated phagocytosis in macrophages & monocytes

Integrin signaling

Salvage pathways pyrimidine ribonucleotides

iCOS-iCOSL signaling T helper cells

Glycolysis

Aldosterone signaling in Epithelial cells

Pyridoxal 5’-phosphate Salvage pathway

RAN signaling

Tec Kinase signaling

PKC6 Signaling T lymphocytes

Pentose phosphate pathway (Oxidative branch)

Gluconeogenesis

TREM1 signaling

Colanic Acid building blocks biosynthesis

GDP-mannose Biosynthesis

Cdc42 Signaling

Actin Cytoskeleton Signaling

FGF signaling

Adrenomedullin signaling pathway

Cardiac hypertrophy signaling

PWH <40y vs >60y,  N=12+12
Uninfected <40y vs >60y, N=12+12



CONCLUSIONS

> Untreated PWH are markedly aging, particularly those with low CD4 T-cell counts and high VL. 

> Early ART-initiation may limit inflammation as well as cell activation, senescence and cell exhaustion, 
preventing the development of premature non-AIDS events.

> Soluble markers of inflammation, and cell activation, senescence and exhaustion remain elevated in PWH 
who initiated ART during the chronic phase of infection, and are associated with the development of co-
morbidities.

> The most marked differences are identified in the younger population.

> The process of aging (and inflammatory processes) might be different between PWH and uninfected 
individuals

Immunological studies are required on the new “generation” of People Aging with HIV
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