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Outline 
§ Risks of late presentation: greater 

immunosuppression; multimorbidity; frailty 
and cognition  

§ Promoting healthspan: cognitive reserve; 
resilience 

§ Successful aging 
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Tsunami: projected age distribution of  
PLWH by 2030  

Smit K  Lancet Inf Dis 2015 

Articles
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infected patients had been diagnosed with at least one 
cardiovascular disease, 4% with diabetes, and 2% with a 
non-AIDS disease, 4% had diabetes, and 2% had a non-
AIDS malignancy. The model predicts that in 2030, 
78% of patients will have been diagnosed with 
cardiovascular disease, 17% with diabetes, and 17% with 
malignancies.

One of the many consequences of an ageing population 
and increasing burden of NCDs will be an increase in 
polypharmacy. The model projects that in 2030, 54% of 
HIV-infected patients in clinical care will be taking at 
least one other long-term drug aside from their HIV 
drugs (up from 13% in 2010), and 20% of patients will be 
prescribed three or more co-medications (up from 5% in 
2010; fi gure 4).

The increasing burden of polypharmacy will mainly be 
driven by cardiovascular drugs, in turn driven by the 
increasing burden of cardiovascular disease (fi gure 4). In 
the ATHENA cohort in 2010, 9% of HIV-infected patients 
were prescribed cardiovascular drugs. This proportion is 
predicted to increase to 50% in 2030, with patients 
prescribed both antidiabetic drugs and cardiovascular 
drugs expected to increase from 2% in 2010 to 7% in 2030.

The model predicts that the increasing burden of 
polypharmacy and NCDs could cause an increase in 
complications with fi rst-line ART. We predict that the 
proportion of HIV-infected patients on ART who will 
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  Figure 2: Projected age distribution of HIV-infected patients
The red box shows the age distribution of patients on antiretroviral therapy in 
clinical care in the Netherlands in 2010, which matches the data exactly, and the 
blue box shows model output from 2011–30.
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 Figure 3: Predicted comorbitities
(A) Predicted burden of NCDs in HIV-infected patients between 2010 and 2030 
as simulated by the model. (B) Distribution of the number of NCDs by age group 
for HIV-infected and HIV-uninfected patients in 2030. NCD=non-communicable 
disease.

Hazard ratio (95% CI) Source

Myocardial infarction or stroke if diabetes 2·31 (1·83–2·92) Worm and colleagues 200924

Myocardial infarction or stroke if hypertension 1·26 (0·98–1·62) Worm and colleagues 200924

Myocardial infarction or stroke if 
hypercholesterolaemia

1·41 (1·12–1·76) Worm and colleagues 200924

Chronic kidney disease if diabetes 1·50 (1·05–2·16) Mocroft and colleagues 201025

Chronic kidney disease if hypertension 1·69 (1·26–2·27) Mocroft and colleagues 201025

Hypertension if diabetes 1·40 (1·19–1·64) ATHENA data

Hypercholesterolaemia if diabetes 1·12 (0·968–1·295) ATHENA data

Hypertension if hypercholesterolaemia 1·277 (1·16–1·397) ATHENA data

Hazard ratio gives ratio of risk for an individual developing a disorder in view of another underlying disorder compared 
with patients without another underlying disorder.

Table 3: Association between risk of an individual developing a new disorder, in view of current disorders

2010- 30% older than 50 
and 8% older than 60 
 
2015- 50% older than 50 
 
2030- 75% older than 50 
(2.5x increase) and 40% 
older than 60 (5x increase) 



JF 

Caveat 

§  Current epidemiologic modelling for PLWH is based on a variable 
mix of:                                                                             - 

 - PLWH  who survived the pre-HAART and early HAART eras                                                                                 
 - recently infected persons with radically different cART history 
  and associated immuno-virologic profile 

§  Projections and clinical course of the latter is emerging  
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 Realities of older PLWH 
§  Late diagnosis: HIV not considered, increased risk of  

heterosexual transmission (less condom use, age-related 
female genitalia changes, little blue pill et al) 

§  Greater immunosuppression: lower nadir CD4; more often 
symptomatic at presentation  

§  Impaired immune recovery: slower and more often 
incomplete (but more consistent cART adherence) 

§  Multi-morbidity including geriatric syndromes and under-
diagnosed mental health disorders: related risks of 
polypharmacy and polydoctory 

§  Lifestyle and social challenges: stigmatization, isolation 
(family, friends), financial, unprepared community services 
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Late presentation of HIV (CD4<350): increased 
risk with older age and heterosexual 

transmission  

Darcis G  Sci Rep 2018 

www.nature.com/scientificreports/
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of CTL escape mutation, decreasing immune activation and chronic in!ammation and preserving immune func-
tion18,19. Early ART could possibly enhance post-treatment control and response to future eradication strate-
gies20,21. Consequently, the importance of early ART initiation has become increasingly evident in recent years.

In this context, analyzing the factors associated with a delayed presentation for care is certainly of importance. 
Several large studies have recently provided important data regarding to the risks of being LP and LP-AD14,22. 
However, these studies tend to erase the di"erences that exist between countries or regions and can potentially 
impact the factors associated with LP for HIV care. For instance, in our study, we showed that the majority 
(54.3%) of the studied population came from SSA. #is particular characteristic of our cohort is certainly due to 
Belgian history, closely tied with several countries of SSA and in particular with Democratic Republic of Congo. 
In comparison, in a similar study recently performed in the neighboring Netherlands, the proportion on patients 
from SSA was only 15%23. In the COHERE cross-European study from 34 countries, the percentage of patients 
from SSA was only 8.7%14. Regional studies are thus needed in order to provide a more thorough analysis which 
will hopefully allow for a better HIV screening.

Of the 687 HIV patients included in our study between January 2006 and July 2017, 44% presented late and 
24% were late presenters with advanced disease. #ese proportions are comparable to the estimates published by 
others14,22–24. We did not observe any diminution of those percentages over time, showing that the e"orts made 
during the last ten years to improve and increase HIV testing were insu$cient to signi%cantly decrease the num-
ber of late presenters.

We showed that factors associated with LP and LP-AD were age, male gender, migrant status as well as het-
erosexual route of transmission. Factors associated with LP and LP-AD were similar, which makes sense since 
LP-AD constitutes a sub-group of LP. #ose factors have also been reported by others14,22–25.

Given the large proportion of migrants from SSA in our cohort (54.3%) and the associated very high risk to be 
late presenters or late presenters with advanced disease (OR 3.4 (95% CI 1.9–5.9) and 2.6 (95% CI 1.4–4.9) respec-
tively), this migrant population requires special attention. Although some patients in this group have acquired 
HIV in Africa and reached Belgium at an advanced stage of the disease, post-migration HIV acquisition is more 
frequent than previously thought. In a recent report by Alvarez-del Arco, the proportion of post-migration HIV 
acquisition within Europe was 63%26. #e proportion of post-migration HIV acquisition was higher for Latin 
America and Caribbean migrants, and was also signi%cant (45%) for people from SSA26. Migrant men who have 

Coe!cient ± SE Odds ratio (95% CI) p-value
Intercept 21.6 ± 56.6 — —
Year of presentation for care −0.011 ± 0.028 1.0 (0.94–1.1) 0.69
Age (by 10 years older) 0.23 ± 0.084 1.3 (1.1–1.5) 0.0069
Sex (0 = Female, 1 = Male) 0.35 ± 0.11 2.0 (1.3–3.1) 0.0021
SSAa origin (0 = No, 1 = Yes) 0.61 ± 0.14 3.4 (1.9–5.9) <0.0001
Othera non belgian origin (0 = No, 1 = Yes) 0.31 ± 0.16 1.9 (1.0–3.4) 0.044
Hetetosexualb mode of acquisition (0 = No, 1 = Yes) 0.43 ± 0.14 2.4 (1.4–4.1) 0.0024
Other (non sexual) mode of acquisition (0 = No, 1 = Yes) 0.11 ± 0.26 1.2 (0.45–3.4) 0.68
Context of screening = Refugee (0 = No, 1 = Yes) 0.12 ± 0.12 1.3 (0.78–2.1) 0.34
Context of screening = Medical problem (0 = No, 1 = Yes) 0.17 ± 0.11 1.4 (0.90–2.2) 0.14
Context of screening = Voluntary screening (0 = No, 1 = Yes) −0.036 ± 0.14 0.93 (0.53–1.6) 0.81

Table 3. Factors associated with late presentation (LP) – Multiple logistic regression (N = 687). aRef = Belgian. 
bRef = Homo/bisexual transmission. SSA: Sub-Saharan Africa. SE: standard error. CI: con%dence interval. 
Bolded data are statistically relevant (p < 0.05).

Coe!cient ± SE Odds ratio (95%IC) p-value
Intercept 11.5 ± 64.6 — —
Year of presentation for care −0.0066 ± 0.032 1.0 (0.93–1.1) 0.84
Age (by 10 years older) 0.24 ± 0.095 1.3 (1.1–1.5) 0.011
Sex (0 = Female, 1 = Male) 0.19 ± 0.12 1.5 (0.93–2.3) 0.10
SSAa origin (0 = No, 1 = Yes) 0.47 ± 0.16 2.6 (1.4–4.9) 0.0036
Othera non belgian origin (0 = No, 1 = Yes) 0.42 ± 0.18 2.3 (1.1–4.8) 0.023
Hetetosexualb mode of acquisition (0 = No, 1 = Yes) 0.41 ± 0.16 2.3 (1.2–4.3) 0.013
Other (non sexual) mode of acquisition (0 = No, 1 = Yes) 0.27 ± 0.30 1.7 (0.54–5.5) 0.36
Context of screening = Refugee (0 = No, 1 = Yes) 0.16 ± 0.14 1.4 (0.78–2.4) 0.27
Context of screening = Medical problem (0 = No, 1 = Yes) 0.38 ± 0.13 2.1 (1.3–3.6) 0.0062
Context of screening = Voluntary screening (0 = No, 1 = Yes) −0.11 ± 0.19 0.81 (0.38–1.7) 0.59

Table 4. Factors associated with late presentation with advanced disease (LP-AD) – Multiple logistic regression 
(N = 687). aRef = Belgian. bRef = Homo/bisexual transmission. SSA: Sub-Saharan Africa. SE: standard error. CI: 
con%dence interval. Bolded data are statistically relevant (p < 0.05).
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Modes of HIV transmission in the elderly 
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1st presentation in >50 yo c/w >50:                                            
 -lower nadir CD4 count                                                       

-lower proportion with CD4 count ≥350 

Althoff K  AIDS Res & Ther 2010 

(≥50-year-olds: 20% in 1997 to 15% in 2007, p-value <
0.01; <50-year-olds: 13% in 1997 to 12% in 2007, p-
value < 0.01). Finally, among individuals who had an
AIDS-defining diagnosis at first presentation for care,
the proportion of older individuals who had ≥2 AIDS-
defining diagnosis was similar to that of younger indivi-
duals (18% vs. 19%, p = 0.19).
Our study has three important findings: 1) the propor-

tion of individuals at first presentation for care who are
aged ≥50 years has increased over the past 11 years; 2)
older individuals at first presentation of care consistently
had a lower median CD4 count compared to younger
individuals; and 3) a greater proportion of older indivi-
duals have an AIDS-defining diagnosis at, or within
three months prior to, first presentation for HIV care
compared to younger individuals.
The increase in the proportion of individuals who

were ≥50 years at first presentation for care has implica-
tions for effective HIV management and survival for
older infected individuals. Older individuals initiating
HAART have a decreased immune response [11-18] and
mortality increases with lower CD4 counts at HAART
initiation [19]. In addition, older individuals at first pre-
sentation for care may have existing co-morbid condi-
tions that may complicate HIV treatment decisions.
From a public health perspective, a delay in presentation
for treatment increases the risk for ongoing transmission

[20-23]. These data suggest improved screening by
health providers may help detect HIV infection earlier
and at younger ages.
The estimated mean annual increase in CD4 count for

individuals aged < and ≥50 years is small and likely of
little clinical relevance as the within-patient variation in
CD4 counts is ~25%. More importantly, the annual
median CD4 count is still well below the CD4 recom-
mended for initiation of HAART [24]. The proportion
of individuals presenting with a CD4 ≥350 cell/smm3

increased in all age groups, however, the proportion was
approximately 10% lower among ≥50-year-olds. This
suggests the potential for greater HIV treatment initia-
tion guideline adherence if effective testing and treat-
ment interventions target older individuals.
Finally, our data suggest older individuals are entering

into care with advanced HIV disease. The CDC recently
reported an increase in the proportion of ≥50-year-olds
in the US who had a first HIV diagnosis within a year
before AIDS diagnosis compared to 30-< 50-year-olds
[25]; the Public Health Agency of Canada has noted the
increase among ≥50 year-olds [26,27]. Data from New
York City showed the proportion of new HIV diagnoses
that are concurrent with an AIDS diagnoses increased
with older age [28].
There are limitations to our study, including our lack

of data regarding time since seroconversion. We chose
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Figure 1 Median CD4 count, and the proportion of individuals who have a CD4 count ≥350 cells/mm3, at first presentation for HIV
clinical care.

Althoff et al. AIDS Research and Therapy 2010, 7:45
http://www.aidsrestherapy.com/content/7/1/45
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Lower nadir CD4 predicts lower “plateau” CD4 
after effective cART: older PLWH at risk 

Lok JJ  AIDS 2010 Figure 2.
Estimated median CD4 count (cells/mm3) over time since starting antiretroviral therapy by
category of pre-treatment CD4 count: (a) had all patients been followed for 7 years, and (b)
had all patients received ART throughout seven years. Dashed lines are for non-weighted
estimates (based on available data at each year of follow-up); solid lines are estimates
obtained using inverse probability of censoring weighting (IPCW). N=898 patients starting
antiretroviral therapy. Horizontal lines are shown at 350, 500 and 800 cells/mm3.

Lok et al. Page 14

AIDS. Author manuscript; available in PMC 2011 July 31.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Figure 2.
Estimated median CD4 count (cells/mm3) over time since starting antiretroviral therapy by
category of pre-treatment CD4 count: (a) had all patients been followed for 7 years, and (b)
had all patients received ART throughout seven years. Dashed lines are for non-weighted
estimates (based on available data at each year of follow-up); solid lines are estimates
obtained using inverse probability of censoring weighting (IPCW). N=898 patients starting
antiretroviral therapy. Horizontal lines are shown at 350, 500 and 800 cells/mm3.

Lok et al. Page 14

AIDS. Author manuscript; available in PMC 2011 July 31.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



JF 

Non-AIDS co-morbidities are similar to those in the 
general older population but occur at a younger age 

 
increased risk w low nadir (<200), poor CD4 recovery (CD5 < 500), CD4/CD8 <1.0  

  §  Non-AIDS defining cancers 

§  Liver: viral hepatitis, NAFLD and ETOH-related 

§  Cardiovascular  

§  Metabolic (CVD, DLP, DM2, visceral adiposity, sarcopenia) 

§  Bone demineralization 

§  Renal 

§  Neurocognitive decline 
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Also, high rates of geriatric syndromes in 
PLWH: UCSF SCOPE cohort 

Greene M JAIDS 2015 

or more IADLS, and 46 (29.6%) reported dependence in 1 or
more IADLs. Of those who reported functional impairment,
the median number of ADL difficulties was 1 (IQR: 1–2), and
the most frequent ADL impairments were transfers (15.5%),
walking across a room (8.4%), and dressing (8.4%). The
median number of IADL difficulties was 2 (IQR: 1–3) with
heavy housework (33.5%), light housework (12.9%), and
shopping (11.0%) the most frequently reported. When the
definitions for hearing impairment and visual impairment
were expanded from an abnormal test result to include either
self-report or an abnormal test result, the frequencies
increased from 14.2% to 41.3% for hearing impairment and
34.8% to 49.7% for visual impairment. Figure 1 shows

participants with at least mild depressive symptoms (scores of
16 or higher on the CES-D), of which 33 (21.6%) had mild
depressive symptoms (score 16–26) and 28 (18.3%) had
moderate-to-severe depressive symptoms (score 27 or high-
er). The median MOCA score was 26 (IQR: 22–28).

Factors Associated With Geriatric Syndromes
In the multivariate analysis of the composite outcome of 5

geriatric syndromes (falls, urinary incontinence, frailty, difficulty
with ADLs, difficulty with IADLs), non-white race [incidence
ratio rate(IRR): 1.38, 95% (confidence interval) CI: 1.10 to
1.74], increasing number of comorbidities (IRR: 1.09 per
condition, 95% CI: 1.03 to 1.15), and lower CD4 nadir (100 unit
decrease in CD4 nadir) (IRR: 1.16, 95% CI: 1.06 to 1.26) were
associated with increased risk of having more geriatric syn-
dromes. Exposure to the nucleoside agents stavudine, didano-
sine, zalcitabine, or zidovudine (d4T/DDI/DDC/AZT) was
associated with a decreased risk of having more geriatric
syndromes (IRR: 0.68, 95% CI: 0.52 to 0.90). These results
are summarized in Figure 2, and comparative models
confirming our findings are shown in the Supplemental
Materials (http://links.lww.com/QAI/A637). We also con-
structed a multivariate model examining all 10 geriatric
syndromes and found the same statistically significant associ-
ations with non-white race, increasing number of comorbidities,
lower CD4 nadir, and exposure to early nucleoside agents.

DISCUSSION
The development of geriatric syndromes, multifactorial

health conditions that impact morbidity, mortality, and
utilization of services, is one of the fundamental clinical
manifestations of aging. A combination of risk factors for
geriatric syndromes including psychosocial factors, such as
social isolation and substance use, multimorbidity and
polypharmacy, and chronic inflammation, is common among
older HIV-infected adults,41–44 which has raised concern
about how to decrease age-related complications in this
population.5 Based on these concerns and findings from other

TABLE 1. Characteristics of Study Participants

Characteristic N (%) or Median (IQR), N = 155

Age 57 (IQR: 54–62)
Age (quartiles), yr
50–54 40 (25.8)
55–59 61 (39.4)
60–64 24 (15.5)
.65 30 (19.4)

Male 145 (93.6)
Ethnicity
White 98 (63.2)
African American 28 (18.1)
Other 29 (18.7)

Education*
High school or less 32 (20.7)
Some college 64 (41.3)
College degree/any graduate 59 (38.1)

Employed in the past year 47 (33.8)
Annual income
$24,000 36 (29.3)
12,000–24,000 39 (31.7)
#12,000 48 (39.0)

HIV transmission†
MSM 124 (80.0)
Heterosexual 23 (14.8)
IVDU 18 (11.6)
Other 13 (8.4)

Length of HIV infection (years) 21 (16–24)
CD4 count (cells/mm3) 567 (398–752)
CD4 nadir‡ (cells/mm3) 174 (51–327)
Exposure to DDI/DDC/D4T/AZT 115 (74.2)
Number of comorbidities 4 (3–6)
Number of nonantiretroviral
medications

9 (6–12)

Current smoker§ 35 (22.6)
Alcohol use§ 96 (62.8)
IVDU§ 7 (4.5)

*Education measured at enrollment visit.
†Participants could report more than one mode of transmission, percentages do not

sum to 100%.
‡Based on self-report.
§In the last 4 months.
DDI, didanosine; D4T, stavudine; DDC, zalcitabine; AZT, zidovudine; MSM, men

who have sex with men.

FIGURE 1. Frequencies of geriatric syndromes. Each bar re-
flects the percentage of participants with each geriatric syn-
drome. Actual percentages are shown at the end of each bar.
Horizontal axis only shown to 60%.

Greene et al J Acquir Immune Defic Syndr ! Volume 69, Number 2, June 1, 2015

164 | www.jaids.com Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 201 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.5
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Increased prevalence of frailty (FP+) in PLWH 
c/w controls at all ages: AGEhIV Cohort  

Kooij KW et al. AIDS 2016 

 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

sCD14, sCD163, D-dimer and hsCRP were not
independently associated with a higher frailty category
nor did they attenuate the OR of HIV-infected
status significantly.

There were no significant interactions between HIV-
infected status and age or any other covariate. The final
model is shown in Table 3.

Sensitivity analyses
We repeated the model from Table 3, excluding several
subgroups of HIV-infected individuals, to explore
whether the observed association between HIV and a
higher frailty category was caused by a certain subgroup
within the HIV-infected cohort. When those HIV-
infected individuals who were ART experienced before
start of cART were excluded, HIV-infected status
remained significantly associated with a higher frailty
category (ORadjusted 1.49, 95%CI 1.10–2.02, P¼ 0.009).
The relation between WHR and frailty category

remained statistically significant as well (OR 1.54,
95%CI 1.23–1.92, P< 0.001). Similarly, HIV-infected
status remained statistically significantly associated with a
higher frailty category when individuals with a history of
AIDS, or with a nadir CD4þ T-cell count (CD4þ cell
count) less than 100 cells/ml were excluded.

HIV-related determinants of frailty
We explored HIV- and ART-related variables in the
multivariable model including only HIV-infected indi-
viduals, adjusting for age, sex, black race/ethnicity, HCV
coinfection, smoking and depression. The duration of
having had a CD4þ cell count less than 200 (OR 1.14/
year, 95%CI 1.00–1.30, P¼ 0.04) as well as the
cumulative duration of exposure to protease inhibitors
(OR 1.05/year, 95%CI 1.01–1.10, P¼ 0.01) were
independently associated with a higher OR for a higher
frailty category. Exposure to any other type of ART,
including dideoxynucleoside analogues (D-drugs), sta-
vudine in particular or mono- and dual ART were not

Fried frailty phenotype in HIV infection Kooij et al. 245

Table 2. HIV and ART-related characteristics of HIV-infected participants.

HIV-infected n¼521
n (%)/median (IQR)

Years since HIV-1 diagnosis 12.0 (6.1–17.0)
CD4þ cell count (cells/ml)

Mean value in year prior to enrollment 563 (433–745)
Nadir 180 (78–260)
Cumulative known duration of CD4þ cell count <200 (months) 0.8 (0–8.5)

History of AIDS 360 (69.5%)
Nadir BMI <20 kg/m2 118 (22.7%)
Using cART at enrollment 492 (94.4%)

Cumulative duration of exposure to ART, years 9.8 (4.1–14.2)
ART experienced before start of cART 101 (20.5%)
Exposure to dideoxynucleoside analogues, ever/duration (years) 232 (47.2%)/0 (0–4.44)
Exposure to protease inhibitors, ever/duration (years) 370 (75.2%)/2.05 (0.01–6.85)

HIV-1 viral load <200 copies/ml in year prior to enrollment (of those on cART) 459 (93.3%)

ART, antiretroviral therapy; cART, combination ART.
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Fig. 1. Prevalence of frailty by age, in HIV-uninfected (HIV–) and HIV-infected (HIVR) individuals.
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Change in biologic and chronologic age in the 
elderly is heterogenous: frailty may be a useful 

surrogate to operationalize this variability 

0.06 corresponding to the mean value of the frailty index at age 63 years. In essence,
person B has the life expectancy of a 63 years old; thus, although chronologically 78
years old, person B can be considered to be biologically 63 years old. Since we
proposed this approach to the measurement of biologic age, 2 other groups have
confirmed that the high correlation between mortality and deficit accumulation allows
this approach to be considered further.14,15,17

Implications for Geriatric Medicine

We have proposed that frailty can be defined by deficit accumulation. One of the impli-
cations of this approach is that frailty can be considered as a complex phenomenon,
and by acknowledging its complexity, we have shown that frailty has characteristic
properties. Similarly, we propose that frailty can be embraced clinically, drawing on
lessons from other undertakings in which complexity must be addressed. In the airline
industry, for example, complexity is addressed through standard operating proce-
dures and safety checks and identified through pattern recognition.29 Each of these
responses has so far been somewhat less formally developed in medicine. Although
pattern recognition is crucial for clinical decision making, organization of information
to facilitate pattern recognition is less well developed as a management strategy.
As part of our strategic response to addressing the complexity of frailty, our group
has focused on pattern recognition as a critical dimension of the definition and
management of frailty.
Another common response to addressing the complexity of patients’ needs and

improving their care is the use of CGA.30 Through assessment of general health
(comorbidity), function, cognition, mood and motivation, the special senses, nutrition
and medications, this tool facilitates identification of health issues and the appropriate
intervention and follow-up for them. As part of a comprehensive management plan,
CGA also supports continued independence and improved quality of life for an indi-
vidual, in association with reduced medical costs.31 Better patient care results from
the acknowledgment of and focus on the complexity of frailty.
Other implications arise from considering the complexity of frailty. Frail elderly

people can be viewed as complex systems on the brink of failure. As with other
complex systems, failure generally begins with the highest-order functions. In the
case of people, failure includes higher-order processing, walking upright, and planned
social interaction. Failure of these high-level functions may result in delirium, falls,
impaired function, and social withdrawal. These presentations have been described
in the past as atypical but may in fact be typical of the frail elderly person.32

Fig. 4. Frailty and biologic age versus chronologic age.

Frailty and Deficit Accumulation 23
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Physiologic aging (>80) is associated with changes in 
immune parameters  and increased markers of chronic 

inflammation (immunosenescence): 
•    Expansion of terminally differentiated CD28-neg Tcells 
•  Reduction of naïve Tc pool (both CD4+ and CD8+) 
•  Associated with CMV seropositivity 
•   Inverted CD4/CD8 ratio (<1.0) 
                                                

 This profile (aka Immune Risk Profile-IRP):              
 predicts overall decreased survival in > 80 yo         
 healthy centenarians have normal CD4/CD8 ratio 
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Most PLWH with durable viral suppression and CD4>350 
do not achieve  a normal CD4/CD8 ratio (>1.0) 

Trickey A et al. CID 2017 

CD4:CD8 and CD8 as Markers for Mortality • CID 2017:65 (15 September) • 961

VL and therefore were included in analyses. Of these, 1834 died 
during 276 526 person-years (6.7 deaths/1000 person-years). 
Two hundred forty-nine deaths (14%) were AIDS-related, 1076 
(59%) non-AIDS-related, and 509 (28%) classified as unknown. 
Duration of ART before reaching CD4 ≥350 cells/μL was longer 
in those who started ART with a lower CD4 count. However, 
nearly half of patients in our analysis had undetectable VL and 
reached CD4 ≥350 cells/μL within 6 months of ART initiation 
(Table 1). Patient demographics and clinical characteristics at 
baseline are shown in Table 1. The median age was 37 (inter-
quartile range [IQR], 31–45) years. The median baseline CD4 
count, CD8 count, and CD4:CD8 ratio were 446 (IQR, 386–
566) cells/μL, 930 (IQR, 679–1271) cells/μL, and 0.52 (IQR, 

0.37–0.74), respectively. Baseline CD4 count was less correlated 
with CD4:CD8 ratio (r = 0.075) than with CD8 count (r = 0.128) 
(difference in correlations P < .0001).

Trajectories of Biomarkers Over Time

Smoothed mean CD4 count, CD8 count, and CD4:CD8 ratio 
up to 10 years after baseline are shown in Figure 1. Mean CD4 
count increased steadily, from 507 to 678 cells/μL at 10 years. 
Mean CD8 count declined from 1040 at baseline to 942 cells/μL 
at 1 year, then plateaued at around 930 cells/μL. Mean CD4:CD8 
ratio increased sharply from 0.49 at baseline to 0.58 at 1 year, 
then less rapidly to 0.73 at 10 years.

All-Cause Mortality

Rates of all-cause mortality declined with increasing CD4:CD8 
ratio (Figure 2), but confidence intervals (CIs) were wide and 
there was little evidence (LR P = .17) that CD4:CD8 ratio was 
prognostic after adjusting for other variables. In contrast, CD8 
count showed a U-shaped association with all-cause mortality 
after adjusting for other variables (LR P  =  .007), with lowest 
mortality rates near the median value and highest rates for those 
with high CD8 counts (Figure 2). Before adjustment, lower ter-
tile of baseline CD4:CD8 ratio (hazard ratio [HR], 1.20 [95% 
CI, 1.08–1.34]) and higher tertile of CD8 count (HR, 1.26 [95% 
CI, 1.13–1.41]) were each associated with higher all-cause mor-
tality compared with the middle (reference) tertile (Table 2), but 
associations were attenuated after adjustment to 1.11 (95% CI, 
1.00–1.25) and 1.13 (95% CI, 1.01–1.26), respectively. Neither 
tertiles of CD4:CD8 ratio nor of CD8 count were prognostic for 
all-cause mortality (LR P = .16 and P = .11, respectively).

AIDS-Related Mortality

AIDS-related mortality declined with increasing CD4:CD8 
ratio (LR P =  .005) and decreasing CD8 count (LR P =  .009) 
(Figure 3). The adjusted hazard ratio (aHR) for AIDS-related 

Table  1. Characteristics (Within 3 Months) of Patients at Start of 
Follow-up (Baseline) (N=49 865)

Variable Patients, No. (%)

Female sex 13 724 (28)
PWID transmission 3638 (7)
AIDS 9283 (19)
Age, y
 16–29 7425 (15)
 30–39 18 487 (37)
 40–49 15 204 (30)
 50–59 6296 (13)
 60–69 2060 (4)
 ≥70 393 (0.8)

Years from ART start to reaching CD4 count ≥350 cells/μL 
(rounded to nearest year)a

 0 23 693 (48)
 1 11 440 (23)
 2 4939 (10)
 3 2953 (6)
 4 1893 (4)
 ≥5 4947 (10)
Calendar period of ART initiation
 1996–1999 11 739 (24)
 2000–2003 11 763 (24)
 2004–2007 12 369 (25)
 2008–2012 13 994 (28)

CD4 count, cells/μL
 350–499 31 779 (64)
 500–749 13 367 (27)
 ≥750 4719 (9)
CD4:CD8 ratio
 0–0.40 16 276 (33)
 0.41–0.64 17 011 (34)
 >0.64 16 578 (33)

CD8 count, cells/μL
 0–760 16 671 (33)
 761–1138 16 583 (33)
 >1138 16 611 (33)

CD8 and CD4:CD8 have been split into tertiles calculated when the patients reach baseline. 
Baseline was defined as date of reaching a CD4 count ≥350 cells/μL with an undetectable 
viral load (lower than lower limit of viral assay or <200 copies/mL).

Abbreviations: ART, antiretroviral therapy; PWID, people who inject drugs.
aYear 0 contains those who reached a CD4 count ≥350 cells/μL ≤6 months after ART start.

Figure 1. Smoothed mean CD4 count, CD8 count, and CD4:CD8 ratio, by years 
after baseline (reaching a CD4 count ≥350 cells/μL and viral suppression).
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Pathobiology: does the changing co-
morbidity profile in aging PLWH reflect 

accelerated or accentuated aging? 

§ Does HIV accelerate specific pathways and 
mechanisms common to an aging phenotype (no 
consensus on single definition of aging)? 

§  Is HIV an additional risk factor for development 
of chronic conditions accentuating prevalence of 
disease? 



JF 

Evidence supporting accelerated aging 
phenotype in PLWH 

§  DNA methylation patterns suggest increased biologic age 
of about 5 years (Gross, Mol Cell 2016) 

§  Telomere length in PBMCs of PLWH at all disease stages  
are decreased and similar to those of controls about 40 
years older (Bestilny AIDS 2000)  

§  Immune senescent cell markers in treated PLWH similar 
to patterns seen in HIV-negative controls decades older 
(Appay Curr Opin HIV AIDS 2016) 
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 Chronic inflammation ≅ idling motor  
(‘cost’ of idling too long …..) 	
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Aging associated chronic diseases 
regulated by chronic inflammation 

How Mechanisms Between Inflammation and 
Telomere Dysfunction Accelerates Aging
Telomere shortening with increasing age is a part of the normal 
aging process. If shortened telomeric DNA is not repaired by 
the enzyme telomerase, cells with critically short telomere length 
become senescent. However, factors such as in!ammation, oxida-
tive stress, and other genotoxic stressors also increase the rate of 
telomere attrition, leading to telomere dysfunction-mediated cel-
lular senescence and accelerating the aging process (51). Telomere 
length also associates with in!ammatory markers, further under-
scoring the role of in!ammation in telomere shortening and aging 
(52).

Inflammation Role in Contributing to Adverse 
Health Outcomes With Aging
The major chronic diseases associated with in!ammation and 
aging are cardiovascular diseases, cancer, type 2 diabetes, sarco-
penia, osteoporosis, Alzheimer’s disease, and frailty, share a com-
mon in!ammatory pathogenesis (Figure  2). However, it always 
exists a quandary in the theory of in!amm-aging: in!ammation 
leads chronic diseases or chronic diseases is the source of in!am-
matory process. It seems that the possibility of a bidirectional 
relationship between in!ammation and pathology rather than (as 
in the present form) privileging a one-way direction is an interest-
ing hypothesis.

Cardiovascular Diseases
Multiple independent pathways of evidence now identify in!amma-
tion as a key regulatory process that links multiple risk factors for 
atherosclerosis and its complications (53). TNF-α activates a proin-
!ammatory gene expression pro#le in endothelial cells that promotes 
adherence of monocytes and their migration. Considerable evidences 
support also that essential hypertension is a condition of in!amm-
aging (54). In!ammation can enhance the proliferation of smooth 
muscle cells and play a role in vascular remodeling (55). Finally, an 
analysis from the Framingham Heart Study reports well-established 
associations between in!ammation and prevalence of cardiovascular 
conditions that predispose to arterial #brillation (56). Conen and 
colleagues (57) provide evidence that in!ammation, which is meas-
ured by plasma levels of CRP and #brinogen, is signi#cantly associ-
ated with arterial #brillation in a population where cardiovascular 
risk factors were controlled and without a history of cardiovascular 
disease.

Cancer
Several studies have suggested a strong association between in!am-
mation and cancer (58,59). ROS are involved in carcinogenesis, not 
only damaging DNA, but also modifying cancer-related proteins 
and regulating transcription (60). Furthermore, several evidences 
indicate that even in tumors not directly linked to pathogens, the 
microenvironment is characterized by the presence of an in!am-
mation, fuelled primarily by leukocytes and by hypoxic conditions 
(61,62). In this in!ammation status, IL-6 plays a major role. Indeed, 
overproduction of IL-6 contributes, through its roles as a growth 
factor or an anti-apoptotic factor, to the development of malig-
nant diseases. TNF-α has been also implicated in the pathogenesis 
of cancer because it triggers DNA damage, angiogenesis, invasion, 
and metastasis and in experimental models, most evidence supports 
the potential enhancement of neoplasia by anti-TNF-α (63). Finally, 
cyclooxygenase (COX) is a key enzyme in the formation of in!am-
matory mediator prostaglandins, and an inducible isoform of COX, 
COX-2, has been implicated in cancer (64,65).

Type II Diabetes
Up-regulated levels of proin!ammatory cytokines and acute-phase 
reactants of in!ammation are involved in the pathogenesis of type II 
diabetes (66,67). Among individuals diagnosed with type II diabetes, 
epidemiological, and mechanistic studies have shown that IL-6, TNF-α, 
and CRP are positively correlated with insulin resistance, BMI/waist cir-
cumference, circulating triglycerides, and atherosclerotic processes (68).

Osteoporosis
In!amm-aging is a mechanism involved for the development of lower 
bone mass (69,70). A  long list of these cytokines has been shown 
capable of stimulating osteoclastic bone resorption (IL-1, TNF-α, 
IL-6, IL-11, IL-15, and IL-17). For example, IL-6 promotes osteoclast 
differentiation and activation (71). TNF-α is implicated in tumour-
induced bone resorption and nontumor-induced osteopenia (72).

Sarcopenia
It has been demonstrated that in!amm-aging is considered as signi#-
cant contributor to age-related muscle wasting process (73,74). Some 
studies reported that high IL-6 and CRP levels are associated with 
increased risk of muscle mass and strength loss (75,76). Moreover, 
some studies proved that high levels of TNF-α can increase muscle 
catabolism (77). In addition, it seems that proin!ammatory cytokines 
may antagonize the anabolic effect of IGF-1, because of the develop-
ment of GH resistance, which decreases both circulating and mus-
cle IGF-1 (77). The relation between in!ammation, muscle strength 
and muscle mass seems to have an explanation based on the effect of 
in!ammation on the homeostatic balance at the muscle level between 
protein synthesis and catabolism (78). Histological studies have shown 
that high values of serum CRP seem to be related with reduced protein 
synthesis and increased protein catabolism (79). Studies have reported 
that in!ammation can impair insulin action, modify hormone secre-
tion and hormone receptor transduction, impair endothelial function 
and energy regulation, and contribute to microvascular changes in the 
vascular system (80,81), which may contribute to muscle weakness, 
lack of endurance, ineffective cell metabolism and energy production, 
and impaired central nervous system control of motor movements.

Frailty
Frailty pathogenesis can be at least partially explained by increased 
levels of in!ammatory mediators. A number of studies have explored Figure 2. Aging associated chronic diseases regulated by inflammation.
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Chronic disease and cognition in the elderly  

§  Common chronic diseases are associated with cognitive 
decline in the middle-aged and older persons 

§  Frailty is associated with an increased risk of cognitive 
decline 

§  White matter hyperintensities (leukoariosis) increase risk of 
cognitive decline 

§  Multimorbidity leads to polypharmacy, often including drugs 
with high anti-cholinergic burden which are associated with 
cognitive decline 

§    
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PLWH are more likely to take non-ARV meds with 
neurocognitive adverse effects: WIHS 

Radtke KK JAIDS 2018 

recorded from specimen analysis at study visits.20 For
medication use, participants were asked to recall ARV
medications taking currently and since last study visit
(typically 6 months), medications for specific conditions of
interest, and any other medications used since last visit.

Defining NC-AE Medication Use
A literature search was conducted using UpToDate and

PubMed to identify non-ARV NC-AE medications. The
search included a combination of terms related to central
nervous system impairment (eg, “cognit* AND impair*”),
medication use (eg, “med*,” “drug”), and adverse effects (eg,
“adverse”). Medication classes (eg, antidepressants) identified
through this search were further explored through additional,
more specific search terms. In order for a medication to make
NC-AE classification, reports must have described the
specific adverse effect (eg, memory loss) associated with
a specific medication. Medications with central nervous
system adverse effects but not those impairing cognition
(eg, headache) were not accepted as NC-AE classification.
Both primary and review articles were accepted as sources.
The NC-AE for each identified medication was verified using
a second resource, Lexicomp Online.

Using these methods, 102 non-ARV medications were
identified as having NC-AE properties, and 83 of 102 were
reported to be used by WIHS participants. Each NC-AE
medication was assigned an individual code and 1 group code
determined by the medication’s drug class. Earlier studies report
that hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins) were associated with neurocognitive impair-
ment; however, recent systematic assessments indicate that
statins are not likely to cause neurocognitive impairment and
could possibly prevent it.22–24 The association between statin use
and neurocognitive impairment is most likely because of their
major indication of the treatment of hyperlipidemias, a condition
that increases the risk of vascular-based neurological injury25
We suspect that statins likely differ from other NC-AE
medications that have more direct effects on cognition. Thus,
we excluded statins from the list of NC-AE medications, leaving

79 NC-AE medications in 11 classification groups (see Table,
Supplemental Digital Content 1, http://links.lww.com/QAI/B126
for list of NC-AE medications). Each potential NC-AE
medication identified in the WIHS data set was further
ascertained by a Doctor of Pharmacy candidate (K.K.R.) to
ensure accurate NC-AE classifications. The WIHS database was
searched by brand name, generic name, and indication and
potential variations in spellings of NC-AE medication names.
Individual participants were classified as an ever (vs. never) NC-
AE medication user based on whether they reported using at
least 1 NC-AE medication at any time. Visits were considered
an NC-AE medication use visit if at least 1 NC-AE medication
was reported.

Predictors of NC-AE Medication Use
Fixed factors were summarized by unique WIHS

participant (N = 3300) and included HIV infection status,
race/ethnicity, enrollment site, and educational attainment
(high school/General Equivalency Diploma/diploma). Time-
varying factors were summarized by unique WIHS visit and
included age, annual household income (.$12,000), injection
and noninjection recreational drug use (RDU), alcohol use
(abstain, 1–7 drinks/week, 8–12 drinks/week, or .12 drinks/
week), elevated depressive symptoms (Center for
Epidemiologic Studies Depression Scale $16), homelessness
(residence of street, shelter/welfare hotel, or rooming/boarding/
halfway house), third-party health payer (any private/public
health or dental insurance or medication cost assistance payer),
clinical AIDS (any criterion excluding CD4 cell count), and
undetectable plasma HIV RNA (values below assay threshold
ranged from 50–80 copies/mL during the study period).

Statistical Analyses
Basic summary statistics (eg, mean, SD) were used to

summarize participant characteristics. Generalized estimating
equations for discrete outcomes were conducted to assess factors
associated with any NC-AE medication use and to assess any
NC-AE medication use as a predictor of HIV-related clinical

TABLE 2. HIV Status as a Predictor for NC-AE Medication Use by Medication Class

Medication Class

HIV Infected HIV Uninfected

OR (95% CI) Pn visits (%) n visits (%)

Anticonvulsant 1274 (4.3) 450 (3.6) 0.96 (0.74 to 1.24) 0.74
Antianxiety 3706 (12.4) 1047 (8.4) 1.41 (1.17 to 1.70) 0.0004
Anticholinergic 676 (2.3) 218 (1.7) 1.20 (0.86 to 1.67) 0.29
Antipsychotic 2074 (7.0) 903 (7.2) 0.93 (0.76 to 1.15) 0.52
Amphetamine 78 (0.3) 34 (0.3) 0.79 (0.28 to 2.20) 0.66
Opioid 3420 (11.5) 1102 (8.8) 1.35 (1.15 to 1.60) 0.0003
Beta blocker 1004 (3.4) 304 (2.4) 1.29 (0.90 to 1.86) 0.17
Gastrointestinal 807 (2.7) 186 (1.5) 1.78 (1.27 to 2.50) 0.0009
Antihistamine 2053 (6.9) 645 (5.2) 1.42 (1.17 to 1.73) 0.0004
Muscle relaxant 718 (2.4) 316 (2.5) 0.87 (0.66 to 1.16) 0.35
Antidepressant 6231 (20.9) 1539 (12.3) 1.58 (1.35 to 1.85) ,0.0001

HIV-uninfected visits were used as the reference group.
CI, confidence interval; OR, odds ratio.
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In the general population, modifiable risk factors at 
age 50 predict impaired physical function and 

cognitive decline 20 years later: Whitehall II Study 

Brunner E  J Gerontol A Biol Sci Med Sci 2017 

(as well as demographics) but not for biomedical factors (OR 1.29 
95% CI 1.02–1.63; Supplementary Table 4). Compared with mini-
mally adjusted analysis, fewer modi"able risk factors at age 50 years 
were associated with impaired physical functioning in the mutually 
adjusted models. We found heterogeneity for the depression and 
BMI coef"cients with impaired physical, but not with impaired cog-
nitive, functioning associated with depression and higher BMI (ORs 
respectively 1.72 95% CI 1.46–2.03 and 1.29 95% CI 1.16–1.44) 
in the mutually adjusted analysis (Supplementary Tables 2 and 3).

Hypertension was associated with an increase in the preva-
lence of both impaired physical and cognitive functioning of about 
5% from 14% in those without hypertension whereas suf"ciently 
active, compared with inactive, participants had more than 10% 
lower prevalence of impaired physical and cognitive functioning 
(Supplementary Table 1). In addition, the 20% of participants with 
the lowest FEV values had a prevalence of impaired physical and 
cognitive functioning of 21% and 23% respectively, compared with 
the other 80% of participants who had a prevalence of impaired 
physical and cognitive functioning of about 13%.

Further results are tabulated in the Supplementary Material. 
Supplementary Table 4 shows the associations of modi"able risk fac-
tors with impaired physical and cognitive functioning with alternative 
adjustment to avoid potential collider and mediator effects. In addition 
to adjustment for demographic factors, the effects of health behaviors 

are mutually adjusted, and likewise, the effects of biomedical factors are 
mutually adjusted. Supplementary Tables 5–8 show sensitivity analyses 
using the LOCF method instead of multiple imputation. For impaired 
physical functioning (Supplementary Table 7), low fruit and vegeta-
ble consumption (OR 1.26 95% CI 1.04–1.52) and obesity (OR 1.79 
95% CI 1.34–2.38) were risk factors in the mutually adjusted model, 
but hypertension was not (OR 1.07, 95% CI 0.86–1.33). For impaired 
cognitive functioning (Supplementary Table 8) physical inactivity (OR 
1.24 95% CI 0.94–1.63) was not a risk factor, and obesity (OR 0.66 
95% CI 0.45–0.96) was protective in mutually adjusted analysis.

Discussion
We examined prospective associations between modi"able risk fac-
tors at age 50 years and age-related functional loss 18 years later: 
impaired physical functioning and impaired cognitive functioning. 
We found that physical inactivity, hypertension, and low FEV1 at 
age 50 years were each associated prospectively with both function-
ing outcomes after adjustment for the other candidate risk factors 
(for the physical inactivity–impaired cognitive functioning associa-
tion, adjusted p = .055). Depression and obesity at age 50 years were 
associated with risk of impaired physical functioning but not with 
impaired cognitive functioning. On the basis that our observations 
are causal with respect to physical and cognitive decline, physical 
inactivity, hypertension, and poor lung function around age 50 years 
appear to be important targets for prevention.

To our knowledge, this is the "rst study to compare modi"a-
ble risk factor effects in both major functional domains, physical 
and cognitive (4). The novel evidence adds weight to the view that 
physical and cognitive functional declines can both potentially be 
prevented or delayed by midlife approaches to risk factor reduction 
(19). Our "ndings are observational and do not demonstrate revers-
ibility. However, intervention trials to date have recruited older par-
ticipants beyond the midlife stage, have not come within reach of the 
18-year period of follow-up in the present cohort study, and have 
focused on cognition decline rather than on functional decline more 
broadly (20). Our "nding that hypertension was a robust risk factor 
for physical as well as cognitive impairments thus extends the trial 
evidence in respect of blood pressure reduction (2).

Observational data show that physical activity is protective for 
dementia (3,21). We add to the evidence that inactivity in midlife 
is also linked to increased risk for impaired physical functioning in 
later life. Our "nding for impaired cognitive functioning was clear 
in the minimally adjusted analysis (OR 1.54 95% CI 1.23–1.93), 
remained signi"cant in a model adjusted for demographics and 
health behaviors (Supplementary Table  4) but not after further 
adjustment for biomedical factors including some which may medi-
ate the bene"ts of physical activity into conserved cognition (OR 
1.28, 95% CI 0.99–1.65; Supplementary Table  3). Lung function 
and cognitive function have been shown to be correlated across the 
life course (22). Our prospective study presents a coherent picture, 
with physical inactivity and poor lung function each associated with 
future impairments in the physical and cognitive domains. Smoking 
at age 50 was associated with later impairments of physical func-
tioning after minimal adjustment but not after further adjustment 
for other factors including FEV1. The present null "nding in respect 
of smoking and cognition could be due to competing risks (23,24).

We found the expected association of obesity with impairment 
in physical functioning, but no link with cognitive functioning (25). 
Current evidence is mixed: A recent large study challenges the con-
ventional view with "ndings that high BMI is a protective factor 

Figure 1. Prospective associations of modifiable risk factors at age 50 years 
with impaired physical and cognitive functioning in 2007–2009 or 2012–2013. 
N = 6,316. Model with mutual adjustment for all risk factors shown in the 
figurea, plus age, sex, ethnicity, education, marital status, and last known 
grade at age 50 years. ADL = activities of daily living; BMI = body mass index; 
CI = confidence interval; CRP = C-reactive protein; FEV1 = forced expiratory 
volume in 1 s; HDL  =  high-density lipoprotein; MMSE  =  Mini-Mental State 
Examination. aIncluding BMI but not obesity. bAll risk factors included in 
model, except BMI. cCorrected for height, measured at fourth clinic (2002–
2004). Missing risk factor data imputed using multiple imputation with 20 
imputations. Impaired physical functioning—at least one ADL. Impaired 
cognitive functioning—MMSE < 27. Some participants have both impaired 
physical and cognitive functioning. p Values = pairwise tests for heterogeneity 
using Cochran’s Q test.
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Modifiable risk factors: 
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Depression 
Obesity 
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Self-reported high physical activity is associated 
with lower risk of  cognitive decline and prevalent  

dementia in older persons 

Blondell SJ Public Health 2014 
Figure 2 The association between high physical activity and cognitive decline.

Figure 3 The association between high physical activity and dementia.

Blondell et al. BMC Public Health 2014, 14:510 Page 6 of 12
http://www.biomedcentral.com/1471-2458/14/510
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Cognitive Reserve 

§  Factor contributing to a weak association between neuropathologic 
evidence of dementia-related changes and clinical manifestations 

§  Initially felt to be linked to educational achievement (sorry, but 3 PhD’s 
doesn’t always help) 

§  Additional related factors include: occupational complexity, social 
participation, engagement in leisure activities 

§  May delay onset of clinical signs and symptoms (‘compression of cognitive 
morbidity’) 

§  Can be operationalized (no consensus) 
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Assessment of cognitive reserve (Cognitive 
Reserve Index) is associated with reduced 

dementia prevalence in the elderly 

Lavrencic LM J of Gerontol A 2018 

frailty index components (25). This ensured that each variable was 
equally weighted. The six variables were then summed and the score 
divided by six to create a CRI ranging from 0 to 1. Higher scores 
indicate greater reserve.

Potential Confounding Factors
Potential confounders considered in the analysis include: sex 
(0 = male, 1 = female), depression and a history of cardiovascular 
disease (CVD). Depression was assessed using the 15-item Geriatric 
Depression Scale and scores were coded into three groups: none, 
mild or severe (26). CVD was de"ned as the presence of a history 
of stroke, ischemic heart disease or heart failure from the GP record 
review (0 = no condition present, 1 = one or more of the conditions 
present).

Statistical Analysis
All analyses were completed using STATA Version 14. Summary sta-
tistics including means (and standard deviations: SD) for continuous 
variables and counts (and percentages) for categorical variables were 
used to determine the baseline sample characteristics. Demographic 
differences in people with and without CRI scores at baseline were 
tested using the t-test (for continuous variables) or the Chi-squared 
test (for categorical variables).

The association between the CRI scores and prevalent demen-
tia was assessed using an independent sample t-test. A Boxplot was 
drawn to show the distribution of CRI scores in persons with and 
without dementia at baseline. After excluding people with prevalent 
dementia at baseline, logistic regression analysis, controlling for sex, 
age at study entry, depression, and history of CVD was used to assess 
the association between the CRI scores (grouped into tertiles with 
the highest reserve group used as the referent category) and 5-year 
risk of incident dementia.

The association between the CRI and cognitive test scores 
(MMSE and CDR), in persons without dementia at baseline, over 
the 5-year follow-up were modeled using repeated-measures mixed-
effects models. As there were only up to three measures per per-
son for each cognitive test, a model describing change as occurring 
at a constant rate over the entire follow-up time was "tted. Mixed 
models were estimated using maximum likelihood estimation and 
estimates were robust under a missing at random assumption. All 
models were adjusted for sex, age at study entry (centred at age 
85; this was done due to small age differences at baseline with age 
ranging from 84.5 to 86.6 years, as recruitment took place over a 
17-month period), depression and history of CVD. Inclusion of an 
interaction term between time and CRI allowed for the estimation of 
the effect of CRI on rate of change in cognition. There was no inter-
action between time and sex or time and baseline age and therefore 
these interaction terms were not included in the "nal models.

Results
Of the 845 individuals seen at baseline, the CRI could be mapped 
in 753 participants (89%) with a mean baseline age of 85.5  years 
(SD = 0.4), including 457 (60.7%) women and 50 (6.6%) with prev-
alent dementia. Of these 753 participants, 588, 455, and 322 were 
re-seen at 18, 36, and 60-month follow-up interviews, respectively. 
Loss to follow-up was mainly due to death as shown in Table 2. CRI 
scores ranged from 0.04 (low reserve) to 0.88 (high reserve) and their 
distribution is shown in Figure 1. Missing data on the CRI occurred 
mostly due to missing on the social class (n = 47) and physical activity 
(n = 33) variables. Individuals with missing values in the CRI score 

components (and therefore, whose CRI score was not calculated) did 
not differ from individuals with complete data in terms of baseline age 
or years of education, but were more likely to be female (p = .008).

Dementia Results
CRI scores were found to be signi"cantly higher (t-test, p =  .002) 
at baseline in persons without dementia (mean = 0.46, SD = 0.15) 
compared to persons with dementia (mean  =  0.39, SD  =  0.14). 

Table 2. Number of Participants in the Study and Loss to Follow-
Up at Each Interview Wave

Interviewed Missing

Died Lost to Follow-up

Baselinea 753 — —
18 months 588 114 51
36 months 455 86 47
60 months 322 106 27

Note: aTotal number of participants with CRI scores from the total sample 
(N = 845).

Figure  2. Difference in the distribution of Cognitive Reserve Index (CRI) 
scores in persons with (n = 50) and without (n = 703) dementia at baseline.

Figure 1. Distribution (Kernel Density estimator) of the CRI scores at baseline 
(whole population including people with and without prevalent dementia).
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Variables Used to Create the Cognitive 
Reserve Index 
 
Components 
•  Education 
•  Socio-economic status 
•  Current physical activity 
•  Marital status 
•  Social participation 
•  Mental activities 
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PLWH with symptomatic HAND have  
lower cognitive reserve 

Morgan EE  AIDS Behaviour 2012 Figure 1.
Differences in cognitive reserve as a function of HAND diagnosis (error bars represent
standard error): Significantly lower reserve observed in the Syndromic HAND group
relative to the Subsyndromic and No HAND groups

Morgan et al. Page 9
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Cognitive Reserve: composite mean z-
scores: years of education; verbal IQ;  
highest occupation level.  
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Resilience 

§  Ability of a person to withstand or recover from functional 
decline after an acute or chronic health stressor 

§  Physical resilience focuses on maintenance or recovery of 
function after a biomedical challenge 

§  Reflects adaptive physiologic responses at the level of 
molecules, cells, and organs which support homeostasis 

§  Physical resilience is not the opposite of frailty 
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Variables associated with at least moderately high 
resilience in PLWH (50 yo, >20 yrs HIV+, nadir CD4-190) 

Fumaz CR AIDS Care 2015 

Psychological variables

According to the RS-25, resilience was 139 (119, 154),
which is considered moderately low to moderate. Sixty-
five (43%) participants had moderately high to high resi-
lience, 57 (37.7%) moderately low to moderate resilience,
and 29 (19.2%) very low resilience.

Regarding the perception of ageing, in the EPSE ques-
tionnaire scores were high in the 4 factors evaluated: cog-
nitive self-concept, 13 (9, 16); subjective perception of
time, 15 (11, 18); subjective perception of social relation-
ships, 17 (14, 20); and physical self-concept, 16 (11, 19).

The coping strategies most used by the participants
according to the brief COPE scores, (median≥ 5) were
the following: self-distraction, 5.5 (4, 7); active coping,
6 (5, 7); use of emotional support, 6 (4, 7); positive
reframing, 5 (4, 6); o planning, 5 (4, 7); and acceptance,
8 (6, 8).

With regard to the quality of life, low scores indicating
good quality of life were obtained for all the areas evalu-
ated in the NHP questionnaire, as follows: energy, 0
(0, 60.8), pain, 0 (0, 36.7), emotional reactions, 12
(0, 36.2); sleep, 12.5 (0, 44); social isolation, 0 (0, 22);
mobility, 0 (0, 30.4); and NHP total, 17 (3.8, 39.3).

Finally, concerning the symptoms of anxiety and
depression, the HADS total score was 10 (7, 18), being
the anxiety subscale score of 7 (4, 10), and the depression
subscale score of 4 (2, 7). Both were within the normal
range.

Univariate and multivariate analysis

As seen from Table 2, the variables related to moderately
high to high resilience in the univariate analysis were
older age (p = .083), higher scores in the 4 factors evaluat-
ing perception of ageing (cognitive self-concept [p≤ .001],
subjective perception of time [p≤ .001], subjective
perception of social relationships [p≤ .001], and physical
self-concept [p≤ .001]), active coping (p = .013), lack of
substance use (p≤ .001), use of emotional support
(p = .011), positive reframing (p≤ .001), planning
(p = .086), humour (p = .006), acceptance (p = .017), lack
of self-blame (p = .055), lower scores in NHP total
(p = .002), lower scores in the energy dimension of the
NHP (p = .001), lower scores in HADS total (p≤ .001),
lower scores in HADS anxiety (p≤ .001), and lower scores
in HADS depression (p≤ .001).

In the multivariate regression analysis, the variables
that remained associated with moderately high to high
resilience were higher scores in cognitive self-concept
(p = .001) and subjective perception of social relation-
ships (p = .030), positive reframing (p = .007), and
lower scores in HADS total (p = .007).

Discussion

We studied a group of people who had been living with
HIV infection for an average of 20 years. Our results
show that nearly half of the participants reported

Table 2. Variables associated with moderately high to high resilience.
Univariate regression Multivariate regression

Covariate OR 95% CI P value OR 95% CI P value
Older age 1.052 (0.993, 1.115) .083 – – –
Perception of ageing (EPSE)
Cognitive self-concept 1.311 (1.185, 1.451) <.001 1.272 (1.105, 1.464) .001
Subjective perception of time 1.210 (1.106, 1.324) <.001 – – –
Subjective perception of social relationships 1.337 (1.190, 1.501) <.001 1.182 (1.016, 1.375) .030
Physical self-concept 1.388 (1.232, 1.564) <.001 – – –
Coping strategies (Brief COPE)
Active coping 1.429 (1.079, 1.892) .013 – – –
Substance use 0.550 (0.406, 0.744) <.001 – – –
Use of emotional support 1.325 (1.068, 1.644) .011 – – –
Positive reframing 1.847 (1.372, 2.486) <.001 1.724 (1.159, 2.565) .007
Planning 1.197 (0.975, 1.471) .086 – – –
Humour 1.337 (1.085, 1.648) .006 – – –
Acceptance 1.327 (1.051, 1.675) .017 – – –
Self-blamea 0.825 (0.679, 1.004) .055 – – –

Quality of life (NHP)
HP Totala 0.969 (0.950, 0.988) .002 – – –
Energya 0.983 (0.973, 0.993) .001 – – –

Emotional status (HADS)
HADS Totala 0.855 (0.799, 0.914) <.001 0.874 (0.793, 0.963) .007
HADS Anxietya 0.832 (0.751, 0.922) <.001 – – –
HAD Depressiona 0.691 (0.599, 0.798) <.001 – – –

Notes: NHP, Nottingham health profile; HAD, hospital anxiety and depression; ART, antiretroviral treatment.
Univariate analyses included age, time since HIV diagnosis, years on ART, current CD4 cell count, nadir CD4 cell count, current HIV-RNA viral load, HIV/HCV coin-
fection, cognitive self-concept, subjective perception of time, subjective perception of social relationships, physical self-concept, self-distraction, active coping,
substance use, use of emotional support, use of instrumental support, behavioural disengagement, venting, positive reframing, planning, humour, acceptance,
religion, self-blame, energy, pain, emotional reactions, sleep, social isolation, mobility, NHP total, HADS Total, HADS Anxiety, HADS Depression.

aThese variables showed an inverse relationship with moderately high to high resilience.
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The coping strategies most used by the participants
according to the brief COPE scores, (median≥ 5) were
the following: self-distraction, 5.5 (4, 7); active coping,
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reframing, 5 (4, 6); o planning, 5 (4, 7); and acceptance,
8 (6, 8).

With regard to the quality of life, low scores indicating
good quality of life were obtained for all the areas evalu-
ated in the NHP questionnaire, as follows: energy, 0
(0, 60.8), pain, 0 (0, 36.7), emotional reactions, 12
(0, 36.2); sleep, 12.5 (0, 44); social isolation, 0 (0, 22);
mobility, 0 (0, 30.4); and NHP total, 17 (3.8, 39.3).

Finally, concerning the symptoms of anxiety and
depression, the HADS total score was 10 (7, 18), being
the anxiety subscale score of 7 (4, 10), and the depression
subscale score of 4 (2, 7). Both were within the normal
range.

Univariate and multivariate analysis

As seen from Table 2, the variables related to moderately
high to high resilience in the univariate analysis were
older age (p = .083), higher scores in the 4 factors evaluat-
ing perception of ageing (cognitive self-concept [p≤ .001],
subjective perception of time [p≤ .001], subjective
perception of social relationships [p≤ .001], and physical
self-concept [p≤ .001]), active coping (p = .013), lack of
substance use (p≤ .001), use of emotional support
(p = .011), positive reframing (p≤ .001), planning
(p = .086), humour (p = .006), acceptance (p = .017), lack
of self-blame (p = .055), lower scores in NHP total
(p = .002), lower scores in the energy dimension of the
NHP (p = .001), lower scores in HADS total (p≤ .001),
lower scores in HADS anxiety (p≤ .001), and lower scores
in HADS depression (p≤ .001).

In the multivariate regression analysis, the variables
that remained associated with moderately high to high
resilience were higher scores in cognitive self-concept
(p = .001) and subjective perception of social relation-
ships (p = .030), positive reframing (p = .007), and
lower scores in HADS total (p = .007).

Discussion

We studied a group of people who had been living with
HIV infection for an average of 20 years. Our results
show that nearly half of the participants reported

Table 2. Variables associated with moderately high to high resilience.
Univariate regression Multivariate regression

Covariate OR 95% CI P value OR 95% CI P value
Older age 1.052 (0.993, 1.115) .083 – – –
Perception of ageing (EPSE)
Cognitive self-concept 1.311 (1.185, 1.451) <.001 1.272 (1.105, 1.464) .001
Subjective perception of time 1.210 (1.106, 1.324) <.001 – – –
Subjective perception of social relationships 1.337 (1.190, 1.501) <.001 1.182 (1.016, 1.375) .030
Physical self-concept 1.388 (1.232, 1.564) <.001 – – –
Coping strategies (Brief COPE)
Active coping 1.429 (1.079, 1.892) .013 – – –
Substance use 0.550 (0.406, 0.744) <.001 – – –
Use of emotional support 1.325 (1.068, 1.644) .011 – – –
Positive reframing 1.847 (1.372, 2.486) <.001 1.724 (1.159, 2.565) .007
Planning 1.197 (0.975, 1.471) .086 – – –
Humour 1.337 (1.085, 1.648) .006 – – –
Acceptance 1.327 (1.051, 1.675) .017 – – –
Self-blamea 0.825 (0.679, 1.004) .055 – – –

Quality of life (NHP)
HP Totala 0.969 (0.950, 0.988) .002 – – –
Energya 0.983 (0.973, 0.993) .001 – – –

Emotional status (HADS)
HADS Totala 0.855 (0.799, 0.914) <.001 0.874 (0.793, 0.963) .007
HADS Anxietya 0.832 (0.751, 0.922) <.001 – – –
HAD Depressiona 0.691 (0.599, 0.798) <.001 – – –

Notes: NHP, Nottingham health profile; HAD, hospital anxiety and depression; ART, antiretroviral treatment.
Univariate analyses included age, time since HIV diagnosis, years on ART, current CD4 cell count, nadir CD4 cell count, current HIV-RNA viral load, HIV/HCV coin-
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25 Item Resilience Scale* 
 
-  Perception of ageing 
-  Coping strategies 
-  QoL 
-  Depression & anxiety 

*Heilemann J Nursing   Measurement 2003 

Results 
 
-  Mean: moderately low 
-  43% > moderate to high 
-  37% moderately low-

moderate 
-  19% low 
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Is successful aging possible in 
PLWH? 
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Aging successfully with HIV 
 is possible 

Think beyond immuno-virologic control metrics 

No consensus on definition, WHO  program evolving:  
includes at least avoidance of disease and disability,  
high cognitive and physical capacity, social engagement 
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Aging successfully with HIV 
 is possible 

§  Diagnose HIV early and treat rationally 

§  Assess and manage comorbidity risks proactively to 
avoid multimorbidity 

§  Minimize polypharmacy and review all Rx annually 

§  Recognize and manage risks for cognitive decline; 
encourage activities which contribute to cognitive reserve  

§  Assess functional status and adopt rehabilitation 
interventions to limit impairments  
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Aging successfully with HIV 
 is possible 

§  Introduce interdisciplinary management principles:     
 SW, OT, PT, pharmacist, dietician, peer and 
 community support, geriatrician involvement 

 

§ AI: Advocate + Initiate: education and empowerment 
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From One Syndrome to Many: Incorporating Geriatric 
Consultation Into HIV Care
Harjot K. Singh,1 Tessa Del Carmen,2 Ryann Freeman,2,3 Marshall J. Glesby,1 and Eugenia L. Siegler2

Divisions of 1Infectious Diseases and 2Geriatrics and Palliative Medicine, Weill Cornell Medical College; and 3ACRIA, Center on HIV and Aging, New York

(See the Editorial Commentary by Guaraldi and Rockwood on pages 507–9.)

Antiretroviral therapy has enabled people to live long lives with human immunode"ciency virus (HIV). As a result, most HIV-
infected adults in the United States are >50 years of age. In light of this changing epidemiology, HIV providers must recognize and 
manage multiple comorbidities and aging-related syndromes. Geriatric principles can help meet this new challenge, as preservation 
of function and optimization of social and psychological health are relevant to the care of aging HIV-infected adults, even those 
who are not yet old. Nonetheless, the "eld is still in its infancy. Although other subspecialties have started to explore the role of ger-
iatricians, little is known about their role in HIV care, and few clinics have incorporated geriatricians. #is article introduces basic 
geriatric nomenclature and principles, examines several geriatric consultation models from other subspecialties, and describes our 
HIV and Aging clinical program to encourage investigation of best practices for the care of this population.

Keywords. geriatric consultation; HIV; aging; NYC.
 

Survival among human immunode"ciency virus (HIV)–
infected adults has dramatically improved with the introduc-
tion of e$ective antiretroviral therapy. Modeling now suggests 
near-normal longevity, especially for those who did not acquire 
HIV via injection drug use and who have restored or main-
tained CD4 cell counts [1]. Recent models from the Netherlands 
predict that >70% of HIV-infected patients will be 50 years of 
age or older by 2030 [2]. #at same study estimates that 28% of 
HIV-infected patients in 2030 will have at least 3 age-related 
comorbidities [2]. In addition to multiple comorbidities (mul-
timorbidity), the aging HIV-infected population is at risk for 
geriatric (henceforth termed aging-related) syndromes, such as 
frailty, falls, delirium, and functional impairment [3].

While the Centers for Disease Control and Prevention’s 
original designation of acquired immune de"ciency syndrome 
(AIDS) in 1982 was based on the occurrence of “a disease, at 
least moderately predictive of a defect in cell-mediated immu-
nity, occurring in a person with no known cause for dimin-
ished resistance to that disease” [4], AIDS is now de"ned by the 
occurrence of opportunistic illness or nadir CD4 count  <200 
cells/µL in a host with HIV infection. #e term “AIDS” has 

become anachronistic; its etiology understood, it is no longer 
a syndrome per se. Instead, as most persons with HIV infec-
tion are living longer lives, they are developing not only medical 
comorbidities but also multiple syndromes related to aging.

These aging-related syndromes and multimorbidity—
common to elderly patients and well understood by geriatricians—
may go unrecognized by HIV providers. To date, there is no formal 
guidance on incorporating assessment and care for these problems 
among HIV-infected adults. Preventive healthcare poses similar 
dilemmas. Cancer screening, for example, is now part of the pri-
mary care of all HIV-infected patients, but there are no guidelines 
on when or whether to stop preventive screening.

How can geriatric principles assist with the healthcare of this 
population? Awareness of these problems has increased, and 
there are now regional and international scienti"c and clinical 
conferences on HIV and aging, but clinical care recommenda-
tions are still largely based on expert opinion. In this article, we 
review the principles of aging with HIV and then examine the 
literature of geriatric consultation for corroborating evidence to 
support geriatric input in the care of people aging with HIV. We 
conclude with issues to consider when incorporating geriatric 
consultation into the care of this population.

THE IMPORTANCE OF GERIATRIC PRINCIPLES

Antiretroviral therapy has controlled HIV infection and 
improved quantity of life; the primary care of adults with HIV 
infection has become more complicated as they live longer with 
other, often multiple comorbidities [5]. Management of multiple 
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Geriatric-HIV medicine: A science in its infancy
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In the last decades a dramatic increase in human lifespan
has taken place. This is due to relevant ameliorations not
only of living and behavioral conditions, including the
prevention of diseases and vaccinations, but also of dif-
ferent therapeutic approaches to several disease, includ-
ing infections. As a result, HIV-infected elderly persons
are no longer exceptional, but rather a growing popula-
tion experiencing a progressive risk for illnesses and syn-
dromes traditionally associated with aging. The
implications for HIVC patients and their medical pro-
viders are becoming clear: HIV care will intersect rou-
tinely with geriatric medicine.1 This overlap of
traditionally distinct clinical disciplines already occurred
within other medical specialties, including “ortho-geriat-
rics,”2 “cardio-geriatrics,”3 or “onco-geriatrics.”4

In this issue, Virulence invited a series of key experts
in the field of aging in HIV to contribute 8 papers to the
birth of geriatric HIV medicine.

This science is definitely in its infancy. Still, it reflects
the acknowledgment that the emergence and promi-
nence of traditionally age-related illnesses among antire-
troviral therapy (ART)-treated HIV-infected persons at
younger-than-expected ages involves diverse pathophysi-
ological processes characteristic of both HIV infection
and aging.

The debate regarding accentuated or accelerated aging
processes affecting HIV has not yet been resolved.5 From a
clinical perspective, however, the increased prevalence of
frailty and geriatric syndromes6,7 supports the likelihood of
HIV specificity in geriatric syndromes. Many HIV-specific
potential contributing factors have been proposed, including
chronic inflammation, long-term antiretroviral drug toxic-
ity, neurocognitive impairment and higher rates of social
and behavioral risk factors. Last but not least is the change
of body composition observed in HIV patients, in whom
peripheral lipoatrophy characterizing thymidine-analog
treated patients, apparently evolves into a sarcopenic/obesity
phenotype portraying advanced age.8 All this suggests that,

to establish what is “HIV-driven” in the patho-physiology
of aging, the selection of HIV negative control groups is of
paramount importance to discriminate, in each different
geographical setting and for each clinical condition, what
clinical condition is more prevalent (accentuated risk) or
rather occurs at an earlier age (accelerated risk) due to HIV.
Moreover, in the contemporary antiretroviral era, where
HIV viral load un-detectability is a paradigm to all, the point
is not so much to demonstrate that frailty can be reverted by
early start and successful ART. What matters most, once a
patient has reached virological success, is how to reduce the
still perpetuating inflammatory burden to decrease frailty
progression.9

The immune system is clearly of paramount impor-
tance in the aging process, and its changes can ultimately
drive this phenomenon. Indeed, immunosenescence can
be defined as the sum of decreased/altered immune func-
tions in elderly individuals, resulting in age-associated
immune changes that lead to gradual immune dysfunc-
tion. The impaired immune functionality increases sus-
ceptibility to several diseases including infections,
cardiovascular diseases and cancer. Although the main
driving force of immunosenescence is still unclear, evi-
dence suggests that one or several chronic infections such
as that by the cytomegalovirus (CMV) can cause the
exhaustion of the system.10 CMV and other chronic infec-
tions, along with the response required for their control,11

can be at least in part responsible for the so-called inflam-
maging. This is a situation in which the neutralization of
agents that are dangerous or harmful becomes detrimental
during aging.12 Such a situation causes a chronic, low
grade pro-inflammatory status that is associated with or
causes the onset of age-associated diseases.

Most immunological studies agree that an HIV aging
specific phenotype does exist, and accelerated aging is well
evident in patients with HIV infection.13,14 In the papers
published in Virulence, the groups of Appay15 and Tam-
bussi16 discuss the parallels between the progression of
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New approach needed to manage aging PLWH 
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Thank you 


