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Abstract

Objective

To investigate the association between current CD4+ T-cell count and CD4/CD8+ ratio with
severity of frailty among people aging with HIV.

Methods

Cross-sectional observational study analysing data from all study visits in the ongoing pro-
spective Modena HIV Metabolic Clinic Cohort between 2006 and 2015. Frailty severity was
assessed using a frailty index (FI). We visualized the relationships between frailty index
score and current CD4 cell count and CD4/CD8 ratio on two different curves adjusted for
age, sex, and duration of HIV infection.

Results

Frailty index scores exhibited an inverse relationship with current CD4 count, up to 900
cells/uL. The CD4/CD8 ratio was inversely correlated with frailty index both below and
above the cut-off of 900 CD4 cells/uL.

Conclusions

Frailty in PLWH is inversely associated with both immune-activation, depicted by CD4/CD8
ratio and immune-deficit depicted by CD4 count. The first association shows a linear shape
while the second shows a hook-shape with a turning point at 900 cells. Above this cut off
level CD4 do not represent a significant risk factor for frailty.

Introduction

Aging is associated with an increased risk of several adverse health outcomes, including ill-
nesses, disabilities and death. The aging process has great inter-variability, and those at
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increased risk of adverse outcomes are said to be frail [1,2]. This is also true within groups of
people suffering from the same disease, including people living with HIV (PLWH) [3-5].

With the aging of PLWH, we urgently need to better understand how the progression of
frailty might be prevented or delayed among this group. Current CD4+ T-cell count is the
modifiable covariate most often associated with frailty [3-10]. This relationship has proven
tricky to understand, as several recent reports identified no association between CD4 cell
count and severity of frailty, especially among study participants with higher current CD4 cell
counts [11-14].

This inconsistency may reflect the fact that immune status and aging contribute to frailty in
complex ways [15,16]. CD4 cell depletion is associated with a shortened life expectancy, in part
due to an increased risk for inflammatory, age-related chronic conditions, including heart dis-
ease and cancers [17-19]. Conversely, higher CD4 counts are associated with longer life expec-
tancy and appear to be protective against these diseases [20,21]. This can paradoxically confer
risk of other age-related conditions, given that people with higher CD4 counts generally live
longer and the strongest risk factor for frailty and for many chronic inflammatory diseases is
aging itself [22].

Based on this understanding, our group previously proposed a theoretical U-shaped associ-
ation between current CD4 count and frailty severity among PLWH [23].

Greater severity of frailty may be associated with lower CD4 counts among some patients,
while also being associated with higher CD4 counts among patients who survive to older ages
and accumulate traditional risk factors for age-related diseases and frailty, independently of
effective antiretroviral therapy [24].

Further complicating this relationship, immune depletion and chronic immune activation
each appear to contribute to risk for inflammatory, age-related diseases among PLWH [25].
Both chronic HIV infection and aging lead to T cell activation and progressive accumulation
of terminally differentiated T cells (e.g. CD8+ effector cells), a reduction in naive T cells, a
lower CD4/CD8 ratio, and increased levels of multiple inflammatory markers [26]. This leads
to a state of immune senescence characterized by low-level chronic inflammation and an
impaired ability to mount adequate immune response to challenges [27]. CD4/CDS8 ratio is a
surrogate marker of immune senescence [28], and is inversely correlated with the risk for
inflammatory and/or age-related disease [7,29-32].

In this study, our primary objective was to assess if a large cohort of people aging with HIV
demonstrates this U-shaped relationship between current CD4 count and severity of frailty on
both down-sloping and up-sloping portions of the U-curve.

Our secondary objective was to assess the relationship between frailty severity and current
CD4/CD8 ratio. We hypothesized that CD4/CD8 ratio would be inversely associated with
frailty in both portions.

Methods

Data were collected from participants attending the ongoing prospective Modena HIV Meta-
bolic Clinic (MHMC) Cohort Study [33,34], undergoing effective antiretroviral (ART) treat-
ment (viral load <40 copies/ml), with available frailty and viro-immunological assessments,
having accessed the clinic from January 2006 to December 2015.

Exclusion criteria were detectable viral load, both at baseline and in any subsequent visits,
i.e. patients were censored if they were found with detectable viral load.

This outpatient clinic is a multidisciplinary tertiary care centre for the management of non-
infectious comorbidities in HIV infected patients followed both at the Modena HIV Metabolic
Clinic and from HIV care centres throughout Italy.
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The association between frailty index and CD4 and CD8 cell count was assessed at each
study visit, so that individuals could contribute more than once.

Frailty severity was assessed using a 37-item frailty index, as previously described [3].

A frailty index calculates the proportion of age-related health deficits that a person has
accumulated out of a selection of at least 30 health variables, 37 in our setting. Health variables
used to calculate frailty index are shown in S1 Table. Any health variable (e.g. signs and symp-
toms of disease, laboratory measures, and self-reported data) can be included as an item in a
frailty index as long as the variables describe potential age-related health problems, and as a
group include multiple physiological systems [35]. The frailty index approach is among the
most common methods of measuring frailty [36]. Frailty was defined as FI value above a cut
off of 0.31 as it was representative of the median of the individuals in the cohort and similar to
previous published studies by our cohort.

For the purpose of description, we also depict the proportion of patients with Physical
frailty Phenotype (PFP) in a subset of patients in which this data was available using Fried cri-
teria [37]. The FPP is based on a pre-defined set of five criteria exploring the presence/absence
of signs or symptoms (involuntary weight loss, exhaustion, slow gait speed, poor handgrip
strength, and sedentary behaviour).

Current CD4 count was measured as a continuous variable: for descriptive purpose, we
reported CD4 count with actual values, while it was rescaled to 100 cell/uL when included as a
covariate in linear regression model. Other covariates were age and duration of HIV infection
(measured continuously) and sex.

We used Generalized Estimating Equations (GEE) to assess relationships between
frailty index score and current CD4 count, adjusting for age, sex and duration of HIV
infection, and visualized this relationship using Lowess curves. In this model, each obser-
vation was computed as a single measurement, with no adjustment to weight multiple
observation for each patient. Based on the shape of the resulting curve, we identified the
strength of relationships between CD4 count and frailty in both down-sloping and up-
sloping portions of the curve. Statistical significance was set at p < 0.05. Data were ana-
lyzed using STATA Software package, Intercooled version 13.1 for Mac (Stata Corp Itd,
Collage Station, TX, USA).

The Research Ethics Board of the University of Modena and Reggio Emilia provided
approval for the Modena HIV Metabolic Clinic Cohort Study. All study participants provided
written consent.

Results

We included 2,915 participants, accounting for 10,686 total observations with median number
of 4 observations per patient (IQR 2-7, range: 1-16). The observation follow-up period was 4.2
years (IQR 2.1-6.1). In this time frame 36 patients died: 11 of cancer, 4 of CVD, 5 of liver fail-
ure, 1 1 in a motor vehicle collision, 15 of unknown causes.

The mean age of the cohort at last observation was 48 + 8.2, and 68% were men.

Table 1 summarizes demographic and clinical characteristics of the study population at
baseline: median current CD4 count was 567 (418-747), current CD4/CD8 = 0.71 (IQR 0.48-
1.00, data available in 2030 observations, and median duration of HIV infection was 19 (IQR
13-24) years.

At last visit median CD4 was 639 (IQR 466-835) and Cd4/CD8 was 0.80 (IQR 0.56-1.10;
data available in 2,494 observations).
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Table 1. Demographic and clinical characteristics of the study population at baseline.

Frequency or mean or median % or SD or IQR
Median follow-up, years 4.2 years 2.1-6.1
Women, n (%) 869 31,8
Men, n (%) 1861 68,2
Age, mean, years 46,15 7,5
Non smoker, n (%) 693 58,6
Smoker, n (%) 489 41,4
Physical activity, n (%) 488 41,2
Sedentary life, n (%) 695 58,8
No alcohol, n (%) 699 59
Alcohol use >20 g/day, n (%) 475 40,1
Waist circumference, cm, mean 86,3 9,8
Body mass index, kg/m’, mean 23,4 3,6
No lipodistrophy, n (%) 563 26,4
Lipoatrophy, n (%) 696 32,6
Lipohypertrophy, n (%) 209 9,8
Mixed Form, n (%) 668 31,3
Fasting glucose, mg/dl, mean 96,2 20,2
HOMA, median 2,4 1,4-4
Triglycerides, mg/dl, median 138 96-203
Total cholesterol, mg/dl, mean 191,8 44,8
HDL cholesterol, mg/dl, mean 47,9 15,6
LDL cholesterol, mg/dl, mean 116,9 36,1
CD4 nadir, ¢/uL, median 196 81-297,5
Current CD4, ¢/pL, median 567 418-747,5
CD4/CDS8 ratio, median 0.71 0.48-1.00
Cumulative exposure to NRTIs, months, median 100 48-148
Cumulative exposure to PIs, months, median (IQR) 38 7-77
Cumulative exposure to NNRTIs, months, median (IQR) 18 0-56
No hypertension, n (%) 1974 72,3
Hypertension, n (%) 756 27,7

https://doi.org/10.1371/journal.pone.0212283.t001

At baseline, median frailty index score was 0.31 (IQR 0.24-0.39), PFP was available in 482
patients. As classified by the frailty phenotype categories, 3.1% (15) of participants were con-
sidered to be frail, 51.9% (250) were pre-frail, and 45.0% (217) of participants were robust.

Using a Lowess smoothing curve, frailty index exhibited a hook-shaped relationship with
current CD4 count (Fig 1). S1 Fig restricts this association at first (panel A) and last (panel B)
observation per patient.

After visualization of the Lowess curves, we generated different models with different cut-
offs of CD4 cell count near to the turning point of the curve. We identified a threshold of 900
CD4 cell/uL as the best turning point of 8 coefficients for CD4 (Fig 1). 517 participants had
current CD4 counts above 900 cells/uL at last visit.

Frailty index (per 0.01 increase) and CD4 count had an inverse relationship below 900
cells/pL (a total of 9048 observations were analysed, 8 = -0.45, -0.58 to -0.32, p<0.001, per 100
cells/pL) and a borderline relationship above 900 cells/uL (1638 observations, 3 = 0.23, 0.0002
to 0.46, p = 0.049, per 100 cell/pL) after adjustment for age, sex, and duration of HIV infection.
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Fig 1. Relationship between mean frailty index and current CD4 cell count. Using a Lowess smoothing curve, frailty index exhibited a hook-shaped relationship with
current CD4 count.

https://doi.org/10.1371/journal.pone.0212283.9001

In a subset of 2756 participants accounting for a total of 8975 observations, we evaluated
the association between frailty and the CD4/CD8 ratio below and above the level of 900 CD4
cells/uL. Lowess graph was drawn to depict the relationship between frailty index and CD4/
CD8 ratio (Fig 2).

This sample was used to build multivariable GEE linear regression to explore the associa-
tion between frailty index score and CD4 <900 cells (Fig 3A) and CD4 >900 cells (Fig 3B)
respectively, after adjustment for age, sex, and duration of HIV infection.

In the first model (Fig 3A) frailty index score (per 0.01 increase) was inversely related with
CD4 count (per any 100 cells increase) 8 = -0.45 (-0.58; -0.32, p<<0.001) and CD4/CD8 3 =
-2.23 (-2.97; -1.48, p<0.001). It was also directly related to age 8 = 1.36, male sex 8 = 2.27 and
duration of HIV infection (per 10-year increment) £ = 1.97.

In the second model (Fig 3B) frailty index score was only borderline related with CD4
count 8 = 0.31 (0.07; 0.056) and inversely related with CD4/CD8 £ = -3.13 (-4.56; -1.71,
p<0.001) and directly related to age {3 = 1.43 (0.53-2.33).
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Fig 2. Relationship between mean frailty index and CD4/CDB8 ratio. Frailty index exhibites a hook-shaped relationship with current CD4 count.

https://doi.org/10.1371/journal.pone.0212283.9002

Discussion

We analysed a large sample of people aging with HIV, with a relatively low prevalence of phe-
notypically frail individuals.

We identified a hook-shaped relationship between severity of frailty (assessed by a frailty
index of 37 health variables that describes potential age-related health problems) and current
CD4 count.

In this study, we chose to describe frailty using a validated frailty index which has the
advantage of being a continuous variable to be plotted with the numerical value of CD4 or
CD4/CD8. We arbitrary defined frailty using a cut off value above the median in the cohort
(FI>0.31). This frailty categorisation is not comparable with the physical frailty phenotype
case definition, nevertheless it can be understood as the pre-frailty status depicted by Fried def-
inition and present in 52% of our patients’ cohort. However, we have previously shown in a
study comparing FI and PFP evaluated in the same population that FI had a stronger associa-
tion with age, nadir CD4 count, comorbidities, falls, and disability, suggesting that this tool is
more applicable in clinical settings [38].
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Fig 3. GEE linear regression estimates in subpopulation with CD4/CDS8 ratio. Panel A—GEE linear regression
estimates for people with CD4 cell counts less than 900/uL. Panel B—GEE linear regression estimates for those with
CD4 cell counts >900/uL.

https://doi.org/10.1371/journal.pone.0212283.g003

An inverse relationship between frailty severity and CD4 count was identified below a
cut-off of 900 cells/pL. We believe that this cut off is clinically significant to be used in
PLWH. First, this value is universally recognised as acceptable even in HIV negative
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individuals. Second, this value is increasingly reached in more recently HIV-infected indi-
viduals who promptly start ART [39]. Third, it has been shown that PLWH with CD4 count
between 500 and 750 cells still display increased risk of AIDS compared to PLWH with
higher CD4 counts [40].

The inverse relationship between current CD4 count and frailty severity was not evident
above 900 cells/uL, and a borderline-significant positive relationship was observed after adjust-
ment for covariates. This observation requires more investigation. Our interpretation is that
CD4 count above 900 cell/ul is not a prognostic marker in aging PLWH and in our model the
major driver for frailty in this population are rather traditional risk factors as age and gender.

Previously published data on the relationship between the degree of frailty and CD4 count
have shown varied results. Inverse relationships between current CD4 count and frailty have
been identified among patients presenting for HIV care [3,6,8,9], people living with HIV in
the community [10], and HIV-positive cohorts of men who have sex with men [5,24], in
women [7], and in people who inject drugs [4]. Other recent studies have conversely identified
no relationship between current CD4 count and frailty. Among studies of HIV outpatients
[11,13], HIV-positive injection drug users [14], and men who have sex with men [12], frail and
non-frail participants were similar in terms of age and current CD4 count, but differed in sex,
comorbid conditions, smoking status, and markers of immune activation and inflammation.

Interestingly a marker of immune activation, namely CD4/CDS8 ratio is always associated
with frailty, regardless current CD4 cell count.

One previously reported study identified an inverse relationship between CD4/CD8 ratio
and frailty among people with HIV [7]. A second study identified a non-significant trend
towards lower CD4/CD8 ratios in people who were identified as frail compared to those who
were non-frail [6].

A desirable intervention to prevent or delay the progression of frailty in HIV patients is
early initiation of antiretroviral therapy, supporting recovery of the immune system. This strat-
egy, already supported by START trial [41] should be confirmed with regards to this outcome.

Our data should be interpreted with caution, given the cross-sectional nature of the study:
inferences about causality and the independent contributions of immune status and of aging
to frailty cannot be assessed. More longitudinal research on the relationship between immune
status and frailty is needed.

In conclusion, our findings of a dynamic relationship between current CD4 count and
frailty highlight the complexity of the relationship between immune function, aging, and frailty
among PLWH. We identified a cut-off of 900 cells/uL, below which further depletion of CD4
cell count is associated with increased frailty. Lower CD4/CDS8 ratio, a surrogate marker of
immune activation, is associated with severity of frailty both below and above this cut-off of
900 CD4 cells/pL.

Supporting information

S1 Table. Frailty index including 37 health variables. A frailty index calculates the propor-
tion of age-related health deficits that a person has accumulated out of a selection of 37 health
variables.

(DOC)

S1 Fig. Association between frailty index and current CD4 cell count. Frailty index and cur-
rent CD4 cell count at first (panel A) and last (panel B) observation per patient.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0212283  February 14,2019 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212283.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212283.s002
https://doi.org/10.1371/journal.pone.0212283

o ®
@ ’ PLOS ‘ ONE Frailty hook-curve and current CD4 count

Acknowledgments

We would like to thank all of the participants in Modena HIV Metabolic Clinic Cohort Study,
without whom our work would not be possible.

Author Contributions
Conceptualization: Giovanni Guaraldi, Marianna Menozzi, Cristina Mussini.

Data curation: Giovanni Guaraldi, Stefano Zona, Ana Rita Silva, Marianna Menozzi, Gio-
vanni Dolci, Federica Carli.

Formal analysis: Stefano Zona.

Investigation: Giovanni Guaraldi, Stefano Zona, Ana Rita Silva, Giovanni Dolci, Federica
Carli.

Methodology: Giovanni Guaraldi, Stefano Zona, Ana Rita Silva, Marianna Menozzi, Giovanni
Dolci, Cristina Mussini.

Supervision: Giovanni Guaraldi, Cristina Mussini.
Validation: Giovanni Guaraldi, Ana Rita Silva, Marianna Menozzi, Cristina Mussini.
Visualization: Giovanni Guaraldi, Jovana Milic.

Writing - original draft: Giovanni Guaraldi, Stefano Zona, Marianna Menozzi, Cristina
Mussini.

Writing - review & editing: Giovanni Guaraldi, Ana Rita Silva, Jovana Milic, Cristina
Mussini.

References

1. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet 2013; 381:752—
762. https://doi.org/10.1016/S0140-6736(12)62167-9 PMID: 23395245

2. Rodriguez-Mafas L, Fried LP. Frailty in the clinical scenario. Lancet 2015; 385:e7-9. https://doi.org/10.
1016/S0140-6736(14)61595-6 PMID: 25468154

3. Guaraldi G, Brothers TD, Zona S, Stentarelli C, Carli F, Malagoli A, et al. A frailty index predicts survival
and incident multimorbidity independent of markers of HIV disease severity. AIDS 2015; 29:1633—
1641. https://doi.org/10.1097/QAD.0000000000000753 PMID: 26372273

4. Piggott DA, Muzaale AD, Mehta SH, Brown TT, Patel KV, Leng SX, et al. Frailty, HIV infection, and mor-
tality in an aging cohort of injection drug users. PLoS ONE 2013; 8:€54910. https://doi.org/10.1371/
journal.pone.0054910 PMID: 23382997

5. Althoff KN, Jacobson LP, Cranston RD, Detels R, Phair JP, Li X, et al. Age, comorbidities, and AIDS
predict a frailty phenotype in men who have sex with men. The Journals of Gerontology Series A: Bio-
logical Sciences and Medical Sciences 2014; 69:189-198.

6. Onen NF, Agbebi A, Shacham E, Stamm KE, Onen AR, Overton ET. Frailty among HIV-infected per-
sons in an urban outpatient care setting. J Infect 2009; 59:346—-352. https://doi.org/10.1016/j.jinf.2009.
08.008 PMID: 19706308

7. Terzian AS, Holman S, Nathwani N, Robison E, Weber K, Young M, et al. Factors associated with pre-
clinical disability and frailty among HIV-infected and HIV-uninfected women in the era of cART. J Wom-
ens Health (Larchmt) 2009; 18:1965-1974.

8. lanasV, Berg E, Mohler MJ, Wendel C, Klotz SA. Antiretroviral therapy protects against frailty in HIV-1
infection. J Int Assoc Provid AIDS Care 2013; 12:62—66. https://doi.org/10.1177/1545109712457241
PMID: 23042791

9. Adeyemi O, Livak B. Higher Veterans Aging Cohort Study (VACS) index scores in HIV-positive adults
with CD4 counts <200 cells/mm3 despite viral suppression. Journal of acquired immune deficiency syn-
dromes (1999) 2013; 63:e78-81.

10. Pathai S, Gilbert C, Weiss HA, Cook C, Wood R, Bekker L-G, et al. Frailty in HIV-infected adults in
South Africa. Journal of acquired immune deficiency syndromes (1999) 2013; 62:43-51.

PLOS ONE | https://doi.org/10.1371/journal.pone.0212283  February 14,2019 9/11


https://doi.org/10.1016/S0140-6736(12)62167-9
http://www.ncbi.nlm.nih.gov/pubmed/23395245
https://doi.org/10.1016/S0140-6736(14)61595-6
https://doi.org/10.1016/S0140-6736(14)61595-6
http://www.ncbi.nlm.nih.gov/pubmed/25468154
https://doi.org/10.1097/QAD.0000000000000753
http://www.ncbi.nlm.nih.gov/pubmed/26372273
https://doi.org/10.1371/journal.pone.0054910
https://doi.org/10.1371/journal.pone.0054910
http://www.ncbi.nlm.nih.gov/pubmed/23382997
https://doi.org/10.1016/j.jinf.2009.08.008
https://doi.org/10.1016/j.jinf.2009.08.008
http://www.ncbi.nlm.nih.gov/pubmed/19706308
https://doi.org/10.1177/1545109712457241
http://www.ncbi.nlm.nih.gov/pubmed/23042791
https://doi.org/10.1371/journal.pone.0212283

®PLOS | one

Frailty hook-curve and current CD4 count

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Kooij KW, Wit FWNM, Schouten J, van der Valk M, Godfried MH, Stolte IG, et al. HIV infection is inde-
pendently associated with frailty in middle-aged HIV type 1-infected individuals compared with similar
but uninfected controls. AIDS 2016; 30:241-250. https://doi.org/10.1097/QAD.0000000000000910
PMID: 26684821

Zhang W, Nilles TL, Johnson JR, Margolick JB. Regulatory T Cells, Frailty, and Immune Activation in
Men Who Have Sex With Men in the Multicenter AIDS Cohort Study. The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences 2015; 70:1533—-1541.

Erlandson KM, Allshouse AA, Jankowski CM, Lee EJ, Rufner KM, Palmer BE, et al. Association of func-
tional impairment with inflammation and immune activation in HIV type 1-infected adults receiving effec-
tive antiretroviral therapy. Journal of Infectious Diseases 2013; 208:249-259. https://doi.org/10.1093/
infdis/jit147 PMID: 23559466

Piggott DA, Varadhan R, Mehta SH, Brown TT, Li H, Walston JD, et al. Frailty, Inflammation, and Mor-
tality Among Persons Aging With HIV Infection and Injection Drug Use. The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences 2015; 70:1542—-1547.

Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic disease. Lancet 2013;
382:1525-1533. https://doi.org/10.1016/S0140-6736(13)61809-7 PMID: 24152939

Brothers TD, Rockwood K. Biologic aging, frailty, and age-related disease in chronic HIV infection. Curr
Opin HIV AIDS 2014; 9:412-418. https://doi.org/10.1097/COH.0000000000000070 PMID: 24840060

Freiberg MS, Chang C-CH, Kuller LH, Skanderson M, Lowy E, Kraemer KL, et al. HIV infection and the
risk of acute myocardial infarction. JAMA Intern Med 2013; 173:614—622. https://doi.org/10.1001/
jamainternmed.2013.3728 PMID: 23459863

Lichtenstein KA, Armon C, Buchacz K, Chmiel JS, Buckner K, Tedaldi EM, et al. Low CD4+ T cell count
is a risk factor for cardiovascular disease events in the HIV outpatient study. Clinical Infectious Diseases
2010; 51:435-447. https://doi.org/10.1086/655144 PMID: 20597691

Ryom L, Mocroft A, Kirk O, Ross M, Reiss P, Fux CA, et al. Predictors of advanced chronic kidney dis-
ease and end-stage renal disease in HIV-positive persons. AIDS (London, England) 2014; 28:187—
199.

May MT, Gompels M, Delpech V, Porter K, Orkin C, Kegg S, et al. Impact on life expectancy of HIV-1
positive individuals of CD4+ cell count and viral load response to antiretroviral therapy. AIDS (London,
England) 2014; 28:1193-1202.

Sabin CA. Do people with HIV infection have a normal life expectancy in the era of combination antire-
troviral therapy? BMC Med 2013; 11:251. https://doi.org/10.1186/1741-7015-11-251 PMID: 24283830

Fulop T, Larbi A, Witkowski JM, McElhaney J, Loeb M, Mitnitski A, et al. Aging, frailty and age-related
diseases. Biogerontology 2010; 11:547-563. https://doi.org/10.1007/s10522-010-9287-2 PMID:
20559726

Brothers TD, Kirkland S, Guaraldi G, Falutz J, Theou O, Johnston BL, et al. Frailty in people aging with
human immunodeficiency virus (HIV) infection. Journal of Infectious Diseases 2014; 210:1170-1179.
https://doi.org/10.1093/infdis/jiu258 PMID: 24903667

Desquilbet L, Margolick JB, Fried LP, Phair JP, Jamieson BD, Holloway M, et al. Relationship between
a frailty-related phenotype and progressive deterioration of the immune system in HIV-infected men. J
Acquir Immune Defic Syndr 2009; 50:299-306. https://doi.org/10.1097/QAI.0b013e3181945eb0
PMID: 19194312

Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu Rev Med 2011; 62:141—
155. https://doi.org/10.1146/annurev-med-042909-093756 PMID: 21090961

Pathai S, Bajillan H, Landay AL, High KP. Is HIV a model of accelerated or accentuated aging? The
Journals of Gerontology Series A: Biological Sciences and Medical Sciences 2014; 69:833-842.

Desai S, Landay A. Early immune senescence in HIV disease. Curr HIV/AIDS Rep 2010; 7:4—10.
https://doi.org/10.1007/s11904-009-0038-4 PMID: 20425052

Sainz T, Serrano-Villar S, Diaz L, Gonzalez Tomé MI, Gurbindo MD, de José M, et al. The CD4/CD8
ratio as a marker T-cell activation, senescence and activation/exhaustion in treated HIV-infected chil-
dren and young adults. AIDS (London, England) 2013; 27:1513—1516.

Serrano-Villar S, Moreno S, Fuentes-Ferrer M, Sanchez-Marcos C, Avila M, Sainz T, et al. The CD4:
CD8 ratio is associated with markers of age-associated disease in virally suppressed HIV-infected
patients with immunological recovery. HIV Med 2014; 15:40—49. https://doi.org/10.1111/hiv.12081
PMID: 24007533

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, Royuela A, et al. Increased risk of
serious non-AlDS-related events in HIV-infected subjects on antiretroviral therapy associated with a low
CD4/CD8 ratio. PLoS ONE 2014; 9:e85798. https://doi.org/10.1371/journal.pone.0085798 PMID:
24497929

PLOS ONE | https://doi.org/10.1371/journal.pone.0212283  February 14,2019 10/11


https://doi.org/10.1097/QAD.0000000000000910
http://www.ncbi.nlm.nih.gov/pubmed/26684821
https://doi.org/10.1093/infdis/jit147
https://doi.org/10.1093/infdis/jit147
http://www.ncbi.nlm.nih.gov/pubmed/23559466
https://doi.org/10.1016/S0140-6736(13)61809-7
http://www.ncbi.nlm.nih.gov/pubmed/24152939
https://doi.org/10.1097/COH.0000000000000070
http://www.ncbi.nlm.nih.gov/pubmed/24840060
https://doi.org/10.1001/jamainternmed.2013.3728
https://doi.org/10.1001/jamainternmed.2013.3728
http://www.ncbi.nlm.nih.gov/pubmed/23459863
https://doi.org/10.1086/655144
http://www.ncbi.nlm.nih.gov/pubmed/20597691
https://doi.org/10.1186/1741-7015-11-251
http://www.ncbi.nlm.nih.gov/pubmed/24283830
https://doi.org/10.1007/s10522-010-9287-2
http://www.ncbi.nlm.nih.gov/pubmed/20559726
https://doi.org/10.1093/infdis/jiu258
http://www.ncbi.nlm.nih.gov/pubmed/24903667
https://doi.org/10.1097/QAI.0b013e3181945eb0
http://www.ncbi.nlm.nih.gov/pubmed/19194312
https://doi.org/10.1146/annurev-med-042909-093756
http://www.ncbi.nlm.nih.gov/pubmed/21090961
https://doi.org/10.1007/s11904-009-0038-4
http://www.ncbi.nlm.nih.gov/pubmed/20425052
https://doi.org/10.1111/hiv.12081
http://www.ncbi.nlm.nih.gov/pubmed/24007533
https://doi.org/10.1371/journal.pone.0085798
http://www.ncbi.nlm.nih.gov/pubmed/24497929
https://doi.org/10.1371/journal.pone.0212283

®PLOS | one

Frailty hook-curve and current CD4 count

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Serrano-Villar S, Gutiérrez C, Vallejo A, Hernandez-Novoa B, Diaz L, Abad Fernandez M, et al. The
CD4/CD8 ratio in HIV-infected subjects is independently associated with T-cell activation despite long-
term viral suppression. J Infect 2013; 66:57—66. https://doi.org/10.1016/}.jinf.2012.09.013 PMID:
23046968

Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al. HIV-infected individuals with
low CD4/CD8 ratio despite effective antiretroviral therapy exhibit altered T cell subsets, heightened
CD8+ T cell activation, and increased risk of non-AIDS morbidity and mortality. PLoS Pathog 2014; 10:
e€1004078. https://doi.org/10.1371/journal.ppat.1004078 PMID: 24831517

Guaraldi G, Orlando G, Zona S, Menozzi M, Carli F, Garlassi E, et al. Premature age-related comorbidi-
ties among HIV-infected persons compared with the general population. Clin Infect Dis 2011; 53:1120—
1126. https://doi.org/10.1093/cid/cir627 PMID: 21998278

Guaraldi G, Orlando G, Squillace N, de Santis G, Pedone A, Spaggiari A, et al. Multidisciplinary
approach to the treatment of metabolic and morphologic alterations of HIV-related lipodystrophy. HIV
Clinical Trials 2006; 7:97-106. https://doi.org/10.1310/EYWJ-8B5K-X7VQ-9CPE PMID: 16880166

Mitnitski A, Rockwood K. Aging as a process of deficit accumulation: its utility and origin. Interdiscip Top
Gerontol 2015; 40:85-98. https://doi.org/10.1159/000364933 PMID: 25341515

Bouillon K, Kivimaki M, Hamer M, Sabia S, Fransson El, Singh-Manoux A, et al. Measures of frailty in
population-based studies: an overview. BMC Geriatr 2013; 13:64. https://doi.org/10.1186/1471-2318-
13-64 PMID: 23786540

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol A Biol Sci Med Sci 2001; 56:M146-56. PMID: 11253156

Guaraldi G, Malagoli A, Theou O, Brothers TD, Wallace L, Torelli R et al. Correlates of frailty phenotype
and frailty index and their associations with clinical outcomes. HIV Med. 2017; 18(10):764—-771 https://
doi.org/10.1111/hiv.12527 PMID: 28737297

Le T, Wright EJ, Smith DM, He W, Catano G, Okulicz JF, et al. Enhanced CD4+ T-cell recovery with
earlier HIV-1 antiretroviral therapy. N Engl J Med 2013; 368:218-230. https://doi.org/10.1056/
NEJMoa1110187 PMID: 23323898

Mocroft A, Furrer HJ, Miro JM, Reiss P, Mussini C, Kirk O, et al. The incidence of AIDS-definingill-
nesses at a current CD4 count > 200 cells/uL in the post-combination antiretroviral therapy era. Clinical
Infectious Diseases 2013; 57:1038—1047. https://doi.org/10.1093/cid/cit423 PMID: 23921881

INSIGHT START Study Group, Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, et al. Initiation
of Antiretroviral Therapy in Early Asymptomatic HIV Infection. N Engl J Med 2015; 373:795-807.
https://doi.org/10.1056/NEJMoa1506816 PMID: 26192873

PLOS ONE | https://doi.org/10.1371/journal.pone.0212283  February 14,2019 11/11


https://doi.org/10.1016/j.jinf.2012.09.013
http://www.ncbi.nlm.nih.gov/pubmed/23046968
https://doi.org/10.1371/journal.ppat.1004078
http://www.ncbi.nlm.nih.gov/pubmed/24831517
https://doi.org/10.1093/cid/cir627
http://www.ncbi.nlm.nih.gov/pubmed/21998278
https://doi.org/10.1310/EYWJ-8B5K-X7VQ-9CPE
http://www.ncbi.nlm.nih.gov/pubmed/16880166
https://doi.org/10.1159/000364933
http://www.ncbi.nlm.nih.gov/pubmed/25341515
https://doi.org/10.1186/1471-2318-13-64
https://doi.org/10.1186/1471-2318-13-64
http://www.ncbi.nlm.nih.gov/pubmed/23786540
http://www.ncbi.nlm.nih.gov/pubmed/11253156
https://doi.org/10.1111/hiv.12527
https://doi.org/10.1111/hiv.12527
http://www.ncbi.nlm.nih.gov/pubmed/28737297
https://doi.org/10.1056/NEJMoa1110187
https://doi.org/10.1056/NEJMoa1110187
http://www.ncbi.nlm.nih.gov/pubmed/23323898
https://doi.org/10.1093/cid/cit423
http://www.ncbi.nlm.nih.gov/pubmed/23921881
https://doi.org/10.1056/NEJMoa1506816
http://www.ncbi.nlm.nih.gov/pubmed/26192873
https://doi.org/10.1371/journal.pone.0212283

