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Abstract

Aim: To evaluate the association between DNA methylation and frailty in the HIV-infected
population and to investigate the usefulness of assessing frailty as a clinical marker to identify age
acceleration.

Methods: Frailty was assessed according to Fried’s frailty phenotype. DNA methylation was
analyzed in 10 frail patients, and compared with 10 robust control patients, all with HIV. Predicted
age was inferred using the Weidner’s formula. Age acceleration was assessed using the difference
between predicted and chronological age.

Results: HIV-infected frail patients had significantly higher biological predicted ages than
chronological ages (mean acceleration: 10.3 years; p = 0.012).

Conclusions: We link age Acceleration and frailty in an older HIV population. Frailty could be

used in this population for implementing specific clinical approaches.
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Introduction

The HIV-infected population is aging with an increased prominence of age-related comorbid
illnesses relative to the non-HIV general population. Characteristics of aging are not homogeneous
among HIV-infected patients; there is heterogeneity in the decline in health and functional ability
among individuals during aging so, the identification of patients who are at risk of unhealthy aging

has become relevant for the care of the elderly HIV-infected population [1,2].

Frailty is a geriatric syndrome that results from an age-associated decline and increased
vulnerability. The detection of frailty is of paramount importance because it allows us to identify
persons at risk of adverse health events [3-6]. Frailty has been proven to be related to worse clinical
prognosis (morbidity, falls, and death) but with a chance of successful outcome if detected early
[7,8]. The prevalence of frailty in community-dwelling adults older than 65 years is close to 7%
[5,6,9,10]; the prevalence of frailty in the HIV-infected population could be up to twice that of the
noninfected who are 10 years older [11-13]. An association between HIV infection and higher
functional impairment among older HIV-infected patients has also been previously suggested [14-

17].

Changes in the DNA methylation levels at specific sites in the genome is a known epigenetic
hallmark of aging [18,19]. There is vast and extensive variation regarding the DNA methylation
profile during aging from embryonic to adult cells. These epigenetic modifications can make
important contributions to the development of age-related diseases [20]. Different epigenetic
clocks have been developed to accurately measure biological age through DNA methylation [21-

23], thereby allowing us to calculate age acceleration by assessing the difference between age
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predicted by DNA methylation or epigenetic age used as a surrogate of biological age and
chronological age. Age acceleration is a predictor of mortality, independently of health status,

lifestyle, and known genetic factors [19,24-26].

In addition, there are few previously published data from general population-based cohorts that
show an association between age acceleration measured by DNA methylation with frailty and
impaired physical function [27-29]. In the HIV-infected population, the measure of DNA
methylation has been shown to increase biological age even if viral replication is suppressed [30-
32]. However, the association between DNA methylation and frailty has not yet been assessed in
this population.

In this study, we assess the relationship between epigenetic age acceleration and frailty status in
HIV-infected older individuals with the hypothesis that frail older HIV-infected patients should be

biologically older.

Methods

Study design and patient population:

From June 2014 to June 2015, we performed a cross-sectional study in which we included 117
consecutive patients attending the clinics in two university hospitals. This population was screened
for the prevalence of frailty, tested for factors associated with frailty, and evaluated for physical
function [14]. The inclusion criteria were confirmed HIV infection, age > 55 years at the time of
recruitment, and regular follow-up at the HIV clinics.

To assess the biological age of older HIV patients and compare this measure between frail and

robust groups, we analyzed the peripheral blood mononuclear cells (PBMCs) from 10 frail HIV
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patients and compared them with those of 10 robust control HIV patients matched for age and
nadir CD4 (Figure 1).
The Ethics Committee of each hospital approved the study. All patients signed informed consent

forms.

Data collection

We recorded sociodemographic data, variables related to HIV infection (risk practice for HIV
infection, baseline and current immunovirological status, and stage of HIV infection at diagnosis),
and the antiretroviral treatment received. We separately recorded the time under tenofovir
disoproxil fumarate (TDF) because of the suggested impact of TDF on telomere length, thus
producing reduced telomerase activity and potentially accelerated aging.

The recorded laboratory data included HIV-related data (HIV-RNA, nadir and current CD4 count,
and CD4/CD8 rate), HCV coinfection (detection of antibodies against HCV) and/or HBV
coinfection (detection of active hepatitis B surface antigen), body mass index (BMI), nutritional

profile (proteins, albumin), and vitamin D levels.

Frailty

Frailty was assessed according to Fried’s frailty phenotype, defined by five functional criteria [3],
namely: shrinking (unintentional weight loss of > 4.5 kg or > 5% of body weight during the
previous year), weakness (grip strength adjusted for gender and BMI), poor endurance and energy
(self-reported exhaustion identified by two questions from the Center for Epidemiologic Studies
Depression scale), slowness (based on time to walk 4 meters, adjusting for gender and standing

height), and low physical activity level (< 383 kcal/week in men and < 270 kcal/week in women
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using the Minnesota Leisure Time Activity Questionnaire). Patients were considered frail when
they met at least three of the five criteria, pre-frail when they met one or two criteria, and robust

when they met no criteria.

Collection of PBMCs
Blood samples were processed to obtain the PBMCs by a Ficoll gradient using a partitioned
solution of lymphocytes. The cell numbers were counted and divided into aliquots of 5 and 10

million PBMCs per milliliter and were cryopreserved in liquid nitrogen.

DNA methylation analysis, biological age prediction, and age acceleration

Genomic DNA was isolated from PBMC by QIAamp DNA Blood Midi Kit (QIAGEN, Hilden,
Germany; GYN) according to the manufacturer’s protocol. Subsequently, 1.5 pg of DNA per
sample were bisulfite converted using the EpiTect Bisulfite kit (QIAGEN). 10 ng of converted
DNA were amplified by PCR in three genomic regions spanning the CpG of interest (cg0228185:
ASPA, cg25809905: ITGA2B and cgl7861230: PDE4C) using the previously described primers
[33]. PCR products were then analyzed by next-generation sequencing (NGS). After the first PCR,
a second PCR of 13 cycles was performed using the Access Array Barcode Library for Illumina
Sequencers (Fluidigm). Equimolar pools of the final amplicons were sequenced on a MiSeq
sequencer (Illumina).

Based on NGS results, we obtained the level of methylation for each CpG of interest [cg0228185
(a); 25809905 (B) and a CpG site upstream of cg17861230 (y)] [18]. We analyzed the DNA
methylation in these three CpG sites previously described by Carola Weidner, who analyzed the

methylation profiles of 102 age-related CpG sites in 151 blood samples. They assessed the high
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precision of methylation levels at these three aged-related CpGs in order to calculate the biological
prediction age with a higher accuracy than any telomere length methods. The mean absolute
deviation from chronological age was less than 5 years being the variations more frequent
correlated with clinical and lifestyle parameters which we adjusted in our study. Therefore,
Weidner’s epigenetic tool provides a biomarker to estimate the state of aging from the blood [18].
We considered the use of Weidner’s model instead of other more popular epigenetic estimates
such as Horvath’s and Hannum’s models, because it is less expensive and requires less complex
bioinformatic analyses which make it more affordable in the majority of clinical settings attending

HIV patients. Besides it shows a good correlation with age in blood samples [34].

Predicted age was inferred using the following formula: Predicted age (in years) = 38.0 -26.4 o -
23.7 B +164.7 y. Age acceleration was assessed using the difference between predicted epigenetic

and chronological age.

Statistical analysis

We used descriptive statistics to examine participant characteristics, which were expressed as
frequency (percent) for categorical variables, mean (+ standard deviation [SD]) for normally
distributed continuous variables, and median (interquartile range) for continuous variables with a
skewed distribution.

Continuous variables were compared using the t-test for independent variables. The Mann—
Whitney test was used for variables with a non-normal distribution or when the group size was
small. The association between qualitative variables was assessed using the chi-square test or the
Fisher exact test when the groups were very small. We used linear regression to assess the

differences in biological age between frail and robust patiens. Differences were considered to be
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significant when p <.05.

Results

We evaluated 117 HIV-infected patients > 55 years old. According to Fried’s criteria, the
prevalence of frailty was 15.4% (18 patients) in our population. Clinical and functional data were
previously published [14].

In this study, we performed DNA methylation analysis and biological age prediction in 10 older
frail HIV patients and compared the data with those of 10 HIV older robust patients from our
cohort; all included patients were on antiretroviral therapy and were immunovirologically well
controlled.

We did not detect any differences at baseline between frail and robust patients; both groups had
similar chronological age, nadir CD4 counts, time of HIV infection, and time under antiretroviral
treatment. None of the patients were coinfected with hepatitis B virus (HBV). The nutritional
profile was similar except in albumin rates, which were higher in robust patients than in frail
patients, although these were within the normal range in both groups. All patients in both groups
had been educated to at least primary school level. Moreover, all patients had maximum
punctuation in Barthel for activities of the daily living index, which means total functional
independence. The main HIV-related and non-HIV related characteristics of both groups are
shown in Tables 1 and 2, respectively.

When we compared both groups, we observed that frail patients according frailty phenotype had
significantly higher biological predicted age than chronological age (mean acceleration age: 10.3
years; p = 0.012), whereas robust patients (none frailty criteria according frailty phenotype) did

not show acceleration and had similar biological predicted age and chronological age (mean
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acceleration age: -0.67 years; p = 0.63). Graphic representations of the biological predicted and

chronological ages and age acceleration in both groups are shown in Figure 2 and Figure 3.

Discussion

The principal finding of our study is the demonstration of aging accelerated up to 10.3 years in the
older HIV-frailty population as measured by DNA methylation. The relationships among DNA
methylation and HIV-1 infection have been previously established in some studies [35]. Gross et
al. [32] measured the impact of chronic HIV infection on aging by performing a global analysis of
the whole-blood DNA methylomes of 137 HIV+ individuals under stable antiretroviral treatment
compared with those of 44 matched HIV-negative individuals. These authors found that both
chronic and recent HIV infection leads to an average aging advancement of 4.9 years, with
expected mortality risk increased by 19%. In another study with participants from the Veterans
Aging Cohort Study, Nelson et al. [36] assessed the difference in DNA methylation among
antiretroviral treatment (ART)-naive HIV-positive and HIV-negative individuals and found that
DNA methylation age was 11.2 years higher in HIV-positive individuals than in HIV-negative
ones. Moreover, Horvarth and colleagues have shown that HIV infection leads to an increase in
epigenetic age in both brain tissue (7.4 years) and blood (5.2 years) [30], and an association
between HIV-infected with neurocognitive disorders (HAND) and higher biological age
determined via the epigenetic clock has already been reported in a recent study published by
Levine et al. [37].

One critical point that is unique to our study is that we have taken into account the fact that HIV
patients are aging heterogeneously [1,38]. In all the studies previously mentioned, the older HIV

population has been analyzed as a single group, and the findings from these patient groups have



187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

then been extrapolated to the whole population of older HIV-infected patients [30,32,36,37].
However, as far as we know, HIV-infected people with the same comorbid conditions can have
very different functional aging trajectories, and some of them are more vulnerable to age-related
comorbid illnesses than others. Patients show worse clinical prognosis (morbidity, falls, and death)
and higher markers of immunosenescence when frailty is clinically detected [10,12,39].

Ours is the first study in which the relationship among frailty and epigenetic age acceleration in
older HIV adults is showed. We did not detect accelerated aging in the older HIV population who
were robust, even though there were no other differences in basal characteristics, duration of HIV
infection, time under ART, previous or current tenofovir exposure, or education level among the
two groups of patients (frail and robust).

The HIV population is getting older but based on our data there is more to understanding in the
aging process than simple comorbidities or morbidity. Therefore, the Frailty Phenotype could be
a possible clinical marker of biological aging according to DNA methylation and would allow us
to identify in the daily clinic those older patients who, beyond their chronological age are more
vulnerable to unhealthy aging. Given that frailty can be reversed through clinical interventions
(mainly based on physical exercise and adequate nutrition), the approach described in this
paragraph could help to screen and design interventions for the older HIV population.

Finally, regarding the possibility that nutritional intervention could support an adequate approach
to reverse frailty status, we also want to highlight that we found significantly higher albumin rates
in robust patients than in the frail, although these values were within the normal range in both
groups. We cannot evaluate the real importance of this finding, which should be evaluated
carefully in future trials with a greater number of patients, thereby confirming whether dietary

changes could help to reverse unhealthy aging [40].
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Our study has some limitations. Similar to most of the studies cited in our discussion, it had a small
sample size. Despite this, we detected a relationship between frailty and age acceleration in older
HIV-infected patients. We believe that this finding was possible because we performed an
exhaustive clinical, functional, and geriatric evaluation, which allowed us the possibility to
properly select the controls. However, future trials with larger sample sizes are needed to confirm

our findings.

Conclusions

In conclusion, ours is the first study in which accelerated aging and frailty have been linked in an
older HIV population. This finding is important in clinical practice because we have demonstrated
that it is possible to easily evaluate frailty as a clinical marker of accelerated aging and,
consequently, implement specific approaches to address frailty in the HIV-infected population,

thereby avoiding future adverse events and disability.

Future Perspective

The current HIV care model is centered on HIV-related clinical and analytical measures, on ART,
and on comorbidities. In this model, the older HIV population is considered as a homogeneous
group as if because of their chronological age they should have the same health characteristics and
problems. However, HIV patients with the same chronological age and comorbid conditions can
have very different functional aging trajectories. In our study, we were the first to find that age
acceleration measured by DNA methylation in older HIV adults is linked with frailty, which is

intrinsically defined by physical function. Nonfrail, older HIV adults did not suffer from age
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acceleration so the effect of frailty on the biological aging among older HIV adults was stronger

than the effect of the HIV itself.

Our work is the first step toward the change the HIV care model needs. The new HIV care model
has to take into account frailty and physical function in older HIV adults as clinical markers of
biological ageing. This should allow us to detect those older HIV adults who are at risk of

unhealthy ageing regardless of their chronological age.

Summary points

e Age acceleration is a predictor of mortality, independently of health status, lifestyle, and
genetic factors. DNA methylation at specific genomic sites is a known epigenetic hallmark
of accelerated aging.

e Frailty has been proven to be related to worse clinical prognosis.

e We demostrated 10.3 years accelerated aging in the older HIV-infected frail population
(measured through DNA methylation)

e Nonfrail older HIV adults did not suffer from age acceleration so the effect of frailty on
the biological aging among older HIV adults was stronger than the effect of the HIV itself.

e We propose frailty as a clinical marker of biological aging which allows us to identify in
the daily clinic those older patients who, beyond their chronological age are more
vulnerable to unhealthy aging.

e This is the first study that explores and demonstrates its association with frailty in older

HIV adults.
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TABLES

Table 1. HIV-related patient characteristics

Characteristics Frail Robust
N=10 N=10

Sex: Male (N) 7 8
Chronological Age, y, mean (SD)* 60.6 (3.1) 59.9 (3.8)
HIV transmission category” (N)

e IDU 2 2

e Heterosexual 7 5

e MSM 1 2

e NK 0 1
CDC” stage (B or C) (N) 8 7
Nadir CD4+ T-lymphocytes/uL, 137 (43-218) 109 (15-306)
median (IQR)*
Actual CD4+ T-lymphocytes/pL, 584 (413-859) 718 (537-800)
median (IQR)*
CD4/CDS rate, median (IQR)* 0.98 (0,1-1) 1(0,9-1,2)
Duration HIV infection, y, median (IQR)* 17.2 (8.6-22.4) 18,42 (11.6-18.4)
Years on ART  y, median (IQR)* 16.9 (7.1-19.2) 14.9 (10.2-18.06)
Months on tenofovir, median (IQR)* 56.5 (19-88) 70 (1-87)
Current tenofovir (N) 5 5

All patients were on HAART and virologically suppressed.

#Abbreviations: IDU, intravenous drug user; MSM, men who have sex with men; NK, not known; CDC,

Centers for Disease Control and Prevention; ART, antiretroviral therapy; SD, standard deviation.
*No differences were found among both groups when comparing chronological age; nadir and actual

CD4+ T-lymphocytes; CD4/CDS rate; duration HIV infection; years on ART; months on Tenofovir.
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Table 2. Non-HIV-related patient sociodemographic and baseline characteristics

Characteristics Frail Robust

N=10 N=10

Education, (N)

o [lliterate 0 0

e Primary education 3 2

e High school 5 6

e University degree 2 2
Smoker (N) 3 3
HCYV coinfection* (N) 2 5
BMI” index, median (IQR) 24.5 (19,7-29,7) 24.9 (21,4-27,5)
Albumin g/dl, median (IQR)** 4,1 (4-4,2) 4,7 (4,1-5)
Vitamin D U, median (IQR) 20.8 (16,9-35,5) 24.3 (12,5-45,3)
Barthel index® (BI) maximum punctuation 100 100

*Abbreviations: BMI index, body mass index. *HCV coinfection, detection of antibodies against HCV.

**p=0.04

S Barthel index corresponds to the patient’s current level of ability for activities of daily living. Maximum

punctuation of 100 assesses total functional independence.

18



FIGURES

Figure 1: Study Design
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Figure 2. Chronological and biological predicted age in frail and robust patients.

90+

801

70

Age in years

50

- llps B

Robust

Frail

I chronologicalAge | Biological Age

HIV-infected frail patients had significantly higher biological predicted age than chronological age (mean

age acceleration: 10.3 years; p=0.012).
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