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Ageing and health

Key facts

•Between 2015 and 2050, the proportion of the world's population over 
60 years will nearly double from 12% to 22%.

•By 2020, the number of people aged 60 years and older will 
outnumber children younger than 5 years. 

•In 2050, 80% of older people will be living in low- and middle-income 
countries.

•The pace of population ageing is much faster than in the past. 

•All countries face major challenges to ensure that their health and 
social systems are ready to make the most of this demographic shift. 

http://www.who.int/mediacentre/factsheets/fs404/en/



“The pace of population ageing in many countries is also much greater 
than has been the case in the past .” 
“For example, while France had almost 150 years to adapt to a change 
from 10% to 20% in the proportion of the population that was older than 
60 years, places such as Brazil, China and India will have slightly more than 
20 years to make the same adaptation.”

WHO. World report on Aging and Health



The age profile of the population of people living with 
HIV is changing

 Survival rates among people infected with HIV are improving 
due to:1

 Greater access to therapy

 More effective therapy

 Globally, the rate of new HIV infections is decreasing1

however, the rate of new infections in people aged
50 years is increasing2

 In WHO’s European region, the number of infections in people 
aged ≥50 years increased by ~40% between 2004 and 20083

 This compares with a 30% increase in all new infections

1. United Nations. UN World AIDS DAY Report. 2012; 2. Gay Men’s Health Crisis. Growing Older with the Epidemic: HIV and ageing. 2010; 
3. ECDC. HIV/AIDS Surveillance in Europe. 2011

001/IHQ/14-04//1053ak  September 2014



Immunosenescence
changes in the immune system associated with age1

Immunosenescence is part of the general ageing process and 
is associated with diseases of ageing

 A multifaceted and dynamic pattern of changes at both the cellular and 
systemic levels2

 Adversely altered levels of pro-inflammatory cytokines (eg CD4, CD8, CD28, 
IL-6, IL-2, TNFα and IFN-ɣ) – in particular an increase in terminal differentiated 
CD4 cells3

 Reduced T cell proliferation, associated with shortened telomeres and 
reduction in telomerase activity2,4,5

 Defective adaptive and innate immunity2,4

 The inflammatory pathogenesis of many age-associated diseases 
suggests they may be due to immunosenescence 

1. Aw D et al. Immunology 2007;120:435–446; 2. Chou JP, Ephros RB. Curr Pharm Des 2013;19:1680–1698;
3. Appay V et al. Trends in Immunology  2002;23:580–585; 4. Deeks SG. Annu Rev Med 2011;62:141–155;
5. Dock JN, Ephros RB. Aging Dis 2011;2:382–397



Adapted from Deeks SG, et al. BMJ. 2009;338:a3172. Operskalski EA. Curr HIV/AIDS Rep. 2011;8:12-22. 
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HIV infection and ART can have long-term effects on 
numerous aspects of health



ATHENA: Older Pts Becoming More Prevalent in 
the HIV-Positive Population

 ATHENA: Observational 
cohort of 10,278 HIV-positive 
pts in the Netherlands

 Modeling study projections:

 Proportion of HIV-positive pts 
≥ 50 yrs of age to increase 
from 28% in 2010 to 73% in 
2030

 Median age of HIV-positive 
pts on combination ART to  
increase from 43.9 yrs in 2010 
to 56.6 yrs in 2030

Smit M, et al. Lancet Infect Dis. 2015;15:810-818.
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ATHENA: Comorbidities Increase With Age and 
With HIV Infection

Modeling study suggests that in 2030:

 84% of HIV+ pts will have ≥ 1 NCD

 Increased from 29% in 2010

 Pts with comorbidities higher in every 
age group in HIV+ pts vs uninfected 

 28% of HIV+ pts will have 
≥ 3 NCDs

 54% of HIV+ pts will be prescribed 
meds other than ART

 Increased from 13% in 2010

 20% will take ≥ 3 meds besides ART

 Mostly driven by increase in CVD

Smit M, et al. Lancet Infect Dis. 2015;15:810-818.
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Predicted burden of comorbidities in HIV-
positive individuals

Smit et al, HIV Drug Therapy 2016Glasgow 2016, UK. P156

ICONA Cohort - ITALY

• Patients on ART with ≥ 3 NCDs will increase from 10% on 2015 to 46% in 2035
• NCD burden increasing with CVD, CKD and diabetes contributing to this. Similar trends to previous 

forecasts for The Netherlands with the exception of CKD which is expected to contribute to the greater 
burden in Italy (30% in Italy by 2035 vs 14% in The Netherlands by 2030)

Mathematical model to forecast the future clinical burden of ageing for HIV-positive 
population to Italy between 2015 and 2035

Projected burden of NCDs in HIV+ patients on ART between 2015 and 2035
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HIV patients are at increased risk of renal 
complications over time

Estimate of relative risk of renal disease 
in HIV-positive vs uninfected4

Study Relative risk (95% CI) Weight

Jacobson, 2007 5.10 (2.90–8.97) 44.16

Longenecker, 2009 6.50 (1.50–28.17) 12.70

Reisler, 2005 2.50 (1.40–4.46) 43.14

Overall 3.87 (2.18–6.85) 100.00
(I-squared = 43.8%, p=.169)

0.1 1 10

 For patients with HIV, the likelihood of renal complications exceeds the average for 
the general population1

 The prevalence of end-stage renal disease (ESRD) increases with longer survival2

 In addition to GFR, the urine creatinine to protein ratio is also elevated in HIV-positive 
patients3

1. Yanik et al. Clin J Am Soc Nephrol. 2010 Oct; 5(10): 1836–1843 2. Bickel M et al. HIV Medicine 2013;14(3):127–135;
3. Abraham A et al. J Infect Dis 2015;doi: 10.1093/infdis/jiv159 (epub ahead of print); 4. Islam F et al. BMC Public Health 2012;234:1–15 



End-Stage
Renal Disease

Kidney failure
Stage V CKD

Stable Renal 
Function

Dialysis

Renal 
Transplantation

Spectrum of Renal Diseases in the HIV-
infected Population1

Chronic Kidney Disease
Kidney damage ≥3 months

Acute Renal Failure
-Abrupt decrease in GFR 

-Serum creatinine >1.5 mg/dL
-Returns to baseline within 3 months

Stage GFR 
(mL/min/1.73m2)

I ≥90

II 60–89

III 30–59

IV 15–29

13

HIV-associated 
Nephropathy

CKD = chronic kidney disease.
1. Gupta SK et al. Clin Infect Dis. 2005;40(11):1559–1585.



 Older age 
 Associated with microalbuminuria1 and proteinuria2

 Low CD4 cell count <200 cells/mm3 and high HIV viral load:
 Associated with an increased risk of microalbuminuria1, proteinuria2, 

and  
acute renal failure3

 African ethnicity
 Strong genetic predisposition to HIVAN and HIV-related ESRD4

 89.1% of AIDS-related ESRD cases reported by the USRDS in 20085

 Certain medications (e.g. ART, antibiotics, and analgesics) with 
nephrotoxic potential
 One-third of cases of acute renal failure in HIV-infected patients 

attributed to medications3

ESRD = end-stage renal disease; HIVAN = HIV-associated nephropathy; USRDS = United States Renal Data System.
1. Szczech LA et al. AIDS. 2007;21(8):1003–1009. 2. Szczech LA et al  Clin Infect Dis. 2004;39(8):1199–1206. 3. Franceschini N et al. Kidney Int. 
2005;67(4):1526–1531. 4. Wyatt CM et al. Annu Rev Med. 2011 Jan 26. [Epub ahead of print]. 5. US Renal Data System. 2011 USRDS Annual Data Report. 
Volume Two. Atlas of end-stage renal disease in the United States. http://www.usrds.org/atlas.aspx. Accessed November 2, 2011. 6. Rhee MS et al. Am J 
Kidney Dis. 2008;52(4):683–690. 

Risk Factors for Renal Diseases 
in the HIV-infected Population



Certain Comorbidities Associated With an 
Increased Risk of Chronic Kidney Disease

 Hypertension

 Increased risk of microalbuminuria1

 Associated with chronic renal failure2

 Type 2 Diabetes

 Increased odds of proteinuria and eGFR<60mL/min/1.73m2 associated with 
diabetes (OR 4.71 and 4.08, respectively; P<0.001) in 941 ambulatory HIV 
subjects with CKD.3

 2-fold increase in prevalence of albuminuria in HIV-infected patients with 
diabetes than patients with either HIV-infection or diabetes4

 Dyslipidemia

 More likely in HIV-infected patients with reduced kidney function 
(eGFR<60mL/min/1.73m2)5

 Hepatitis C virus coinfection

 Associated with higher incidence rate of acute renal failure and risk of CKD6,7

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate.
1. Szczech LA et al. AIDS. 2007; 21(8):1003–1009. 2. Mocroft A et al. AIDS. 2007; 21(9):1119–1127. 3. Fulop T et al. Clin Nephrol. 2010;73(3):190–196. 4.
Kim PS et al. PLoS One. 2011;6(9):1–7. 5. Choi et al. Circulation. 2010;121(5):65658. 6. Franceschini N et al. J AIDS. 2006;42(3):368–372. 7. Fisher MJ et al. J 
Acquir Immune Defic Syndr. 2010;53(2):222–226. 



Risk factors for CKD in patients with HIV

1 Bagnis CI, et al. Eur Infect Dis. 2011;5:21–6.

Modifiable

Non-modifiable

CKD
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history of 
renal 

disease
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smoking

Hyper-
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retroviral 
therapy

Viral load

CD4 count

Age



D:A:D: ART Exposure and Risk of CKD

• Retrospective analysis of pts with baseline 
eGFR > 90/mL/min 
(N = 23,560)

• Multivariate analysis: exposure to TDF, 
ATV/RTV, and LPV/RTV significantly 
associated with CKD development

• Association with TDF or LPV/RTV and CKD 
remains when excluding those who stopped 
drugs during or before study entry

• When TDF exposure censored, CKD risk per 
yr of ATV/RTV or LPV/RTV exposure 
increased substantially

• CKD risk  with time after stopping TDFCKD Risk by Yrs of ARV Exposure, IRR (95% CI)

Drug 1 Yr 2 Yrs 5 Yrs

TDF
1.12 

(1.06-1.18)
1.25 

(1.12-1.39)
1.74 

(1.33-2.27)

ATV/RTV
1.27 

(1.18-1.36)
1.61 

(1.40-1.84)
3.27

(2.32-4.61)

LPV/RTV
1.16 

(1.10-1.22)
1.35 

(1.21-1.50)
2.11

(1.62-2.75)

Mocroft A, et al. CROI 2015. Abstract 142.
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CVD risk in HIV-positive patients is beyond that predicted 
by traditional risk factors
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Risk of heart disease is 1.5–2 times higher in HIV-positive patients, 
even after controlling for traditional risk factors

Grinspoon S. CROI 2015. Seattle, WA. Oral #O134



CVD Risk Prediction Algorithms 
Underestimate Risk in HIV

• Partners HIV longitudinal cohort, 2239 patients
• Algorithms underestimate CVD risk in HIV, comparing observed to predicted rates
• To identify HIV patients at a target predicted CVD risk category, a lower threshold 

may need to be used (e.g. use 7.5% in HIV vs 10% in the general population)

Regan CROI 2015, abstract 751.
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HIV-infected smokers lose more life-years to smoking 
than to HIV

• 2921 HIV patients and 10 642 

controls were followed for 14

281 and 45 122 person-years,

respectively

• In a setting where HIV care is 
well organised and 
antiretroviral therapy is free 
of charge, HIV- infected 
smokers lose more life-years 
to smoking than to HIV

• The excess mortality of 

smokers is tripled and the

population-attributable risk 
of death associated with 

smoking is doubled among 

HIV patients compared to the

background population

Helleberg et al. Clin Infect Dis. 2013;56(5):727‒34

Survival by age, stratified by human immunodeficiency virus and smoking status 
for all study subjects (A), only males (B), only study subjects of Danish origin (C), and only 

study subjects from Copenhagen (D)
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Cardiovascular prevention policy in HIV: 
recommends from a modelling study

• Earlier ART had the least impact
• Cardio-friendly ART was only slightly better
• Interventions of smoking cessation and optimization of blood pressure and lipids were

predicted to prevent many more CVD events, even if only half-heartedly embraced

van Zoest, CROI 2017 

0.1-0.8%

6-13%

17-20%



Large gap between statin eligibility and prescription among 
HIV+ in North America

Althoff, CROI 2017.



De Socio, Infection 2016

A multicenter prospective cohort including 1182 pts



Brown and Qaqish. AIDS 2006;20:2165-74

Odds of osteoporosis: HIV- vs HIV +



✓ Between 1984 and 2014, self-reported bone fractures were ascertained at semi-annual visits in 
1302 HIV-infected and 1302 HIV-uninfected men over age 40.

✓ Bone fracture incidence increased with age among HIV-infected and uninfected men but was higher 
among HIV-infected men. A significant fracture increase was found among 50-59 yo HIV-infected 
men, highlighting the importance of osteoporosis screening in HIV infected men above the age of 
50.

Fractures Occur at a Younger Age in HIV+ 
Men in the Multicenter AIDS Cohort Study

Gonciulea AR  et al, CROI 2016 (abs 669)



SMART: BMD Loss With Continuous vs 
Intermittent Antiretroviral Therapy

• Continuous ART associated with significantly larger BMD decline than intermittent ART; 
only observed disadvantage of continuous treatment in study

– By year, differences in BMD between arms are statistically significant only in the first 1-2 years of follow-up; few 
patients included in analysis in Years 3-4

Grund B, et al. ICAAC/IDSA 2008. Abstract 2312a.
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START Substudy: BMD Changes With 
Immediate vs Deferred ART Over 3 Yrs

• Substudy included 193 pts in 
early ART arm and 204 pts in 
deferred ART arm with f/u

• Greater BMD loss in hip and spine 
with immediate vs deferred ART

– Estimated mean difference for 
hip: -1.5% (95% CI: -2.3% to 
-0.8%; P < .001)

– Estimated mean difference for 
spine: -1.6% (95% CI: -2.2% to 
-1.0%; P < .001)

• Osteoporosis incidence similar 
between arms (P = .27)

Hoy JF, et al. EACS 2015. Abstract ADRLH-62. Reproduced with permission. 
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Contributors to Bone Strength

Bone

Density

Bone

Architecture

Bone

Mineral

Factors of Bone Quality

Bone

Turnover



DEXA

Misura della BMD (g/cm2)



✓ Speed of Sound (SOS)

✓ Broadband Ultrasound Attenuation (BUA)

✓ Quantitative Ultrasound Index (QUI) o Stiffness

✓ Estimated heel BMD

Misurazione  BMD tramite QUS calcaneare



Resorption

Formation

Resorption Markers

• Pyridinoline (Pyr) 

• Deoxypyridinoline (dPyr) 

• Amino terminal telopeptide
of type I collagen (NTX)

• Carboxyl terminal 
telopeptide of type I 
collagen (CTX)

• Tartrate-resistant acid 
phosphatase (TRAP)14

Formation Markers

• Osteocalcin (OC) 

• Bone-specific alkaline phosphatase 
(BAP) 

• Amino terminal propeptide of type I 
collagen (PINP)

• Carboxyl terminal propeptide of 
type I collagen (PICP)

Bone turnover
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P = .004

ACTG 5257: Loss of BMD With 
First-line Boosted PI vs RAL

• All arms associated with 
significant loss of BMD 
through Wk 96 (P < .001)

• Total body BMD loss 
significantly greater with 
ATV/RTV than either 
DRV/RTV or RAL 

• At hip and spine, similar loss 
of BMD in the PI arms

– Significantly greater loss in 
the combined PI arms than 
in the RAL arm

ATV/RTV 

RAL

DRV/RTV

Combined PI arms
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Brown T, et al. CROI 2014. Abstract 779LB. Reproduced with permission.
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Subjects ≥50 years of age had similar beneficial BMD changes as < 50 group

Ward D, et al. HIV and Aging 2016. Washington, DC. P33



NEAT: lumbar spine BMD

48 weeks 96 weeks

N Mean % change (95% CI) N Mean % change (95% CI)

DRV/r + RAL n =70 51 -1.0 (-1.98, -0.02) 48 -0.43 (-1.51, 0.65)

DRV/r + TDF/FTC n = 76 63 -2.49 (-3.51, -1.47) 57 -2.8 (-4.0, -1.6)

Mean difference (95% CI); p - 1.49 (-2.94, -0.04); p = 0.046* -2.37 (-4.0, -0.74); p = 0.0054*

*P values from mean differences between arms (unadjusted)

*
*

Bernardino JI, 54th ICAAC. Washington DC. September 5-9, 2014. H-1198
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Study GEN 109: Aging Analyses

BMD: Mean Change (%) by Age 
through Week 96

Spine BMD Hip BMD 
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Studies 1216 & 1160: Switch to RPV/FTC/TAF Week 48
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Significant increases in spine and hip BMD observed at Week 48 
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Orkin C, et al. HIV Drug Therapy 2016. Glasgow, UK.  O124



TROP Study: Improvements in Bone 
Density With TDF to RAL Switch

• Multicenter, open-label, 
nonrandomized study

– 37 pts (97% male; mean age: 
49 yrs) suppressed on TDF/FTC 
+ PI/RTV for 6+ mos with 
osteopenia/ osteoporosis

– TDF/FTC + PI/RTV switched to 
RAL + PI/RTV

Bloch M, et al. CROI 2012. Abstract 878. Bloch M, et al. HIV Med. 2014;15:373-80.

Mean % Change in BMD From Baseline (95% CI)

Wk 24 P Wk 48 P

Spine 1.5 (0.5-2.5) .0038 3.0 (1.9-4.0) < .0001

Left hip

▪ Total hip

▪ Femoral 
neck 

1.4 (0.8-2.0)
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Change in BMD and Bone Markers 

at Week 48

McComsey et al. IAS 2017; Paris, France. Poster TUPDB0205LB.

• BSAP, bone-specific alkaline phosphatase; CTx, type-1 collagen cross-linked C-telopeptide; P1NP, procollagen type 1 N-propeptide. 

• *BMD P values are from an ANCOVA model adjusted for baseline BMD, age at baseline, and baseline BMI. †Biomarker P values show 

comparisons between DTG + RPV and CAR at Week 48 for each marker, adjusted for baseline third-agent class, age, sex, BMI, smoking status, 

and baseline biomarker level. Statistical model uses log-transformed data. 

Adjusted Change From Baseline in Total Hip 

and Lumbar Spine BMD (g/cm2) at Week 48* 

• Changes in total hip and lumbar spine BMD were consistent across subgroups 
(ie, age, sex, BMI, baseline third-agent class) 
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Conclusioni

 Elevata prevalenza di comorbidità in una popolazione di 
pazienti HIV+ che invecchia

 La evidenze scientifiche suggeriscono come la diagnosi e il 
management delle comorbidità passino attraverso 
l’identificazione e la riduzione dei fattori di rischio 
(modificabili) per arrivare al trattamento specifico delle singole 
patologie

 La scelta della terapia antiretrovirale sia nel paziente HIV naive
che virologicamente soppresso si associa a un diverso impatto 
sulla patologia cardiovascolare, renale e ossea


