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Background. People with HIV-1 (PWH) age differently than the general population. Blood telomere length (BTL) attrition is a
surrogate biomarker of immunosenescence and aging in PWH. BTL is reduced immediately after HIV-1 infection and recovers in
PWH with long-term virologic suppression, but the extent of this recovery is unknown.

Methods. This prospective 6-year observational study assessed the evolution of BTL in PWH who were virologically
suppressed. A cross-sectional analysis additionally compared BTL with age- and sex-matched blood donors and sex-matched
persons older than 60 years from a general population cohort. DNA from whole blood was isolated, and relative BTL was
determined by monochrome quantitative multiplex polymerase chain reaction assay and expressed as the ratio of telomere to
single-copy gene (T/S).

Results. A total of 128 PWH were included in the prospective 6-year observational study. These same 128 PWH (median age, 55
years; 27.3% women) were compared cross-sectionally at 6-year follow-up with 128 age- and gender-matched blood donors
(median age, 55 years) and 128 gender-matched individuals older than 60 years from a general population cohort (median age,
70 years). An inverse correlation between age and BTL was observed. The median BTL of PWH was shorter than their matched
blood donors (T/S, 1.07 [IQR, 0.95-1.17] vs 1.28 [IQR, 1.12-1.48]; P <.001) but longer than the elderly population (T/S, 0.89
[IQR, 0.77-0.98], P <.001). PWH experienced a BTL increase at 6 years of 2.9% (T/S, 1.04 vs 1.07; P=.002). In PWH, age was
associated with a shorter BTL (coefficient, —0.007 45, SE = 0.002 04, P =.002) and baseline lower CD4 count with a gain in BTL
(coefficient, —0.000 06, SE =0.000 02, P =.004). Shorter baseline BTL (odds ratio, 0.91 [95% CI, .87-.94]; P <.001) and higher
glucose levels (odds ratio, 1.04 [95% CI, 1.02-1.07]; P = .003) were associated with a greater similarity of BTL to the elderly population.

Conclusions. PWH with long-term virologic suppression experience a trend toward an increased BTL after 6 years of follow-up.
Middle-aged people with long-term controlled HIV-1 have a shorter BTL than expected for their chronologic age but longer than

that of people 15 years older in the general population.
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Antiretroviral therapy (ART) has drastically changed the prog-
nosis of HIV-1 infection, from being a frequently fatal illness to
a chronic manageable disease. As a result, people with HIV-1
(PWH) are aging, and their life expectancy has been approach-
ing that of the general population [1]. An overall increased risk
of age-related comorbidities has been described in PWH as
compared with the general population of the same age [2],
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which suggests that PWH still age differently from the general
population and have either accelerated aging (age-related ill-
nesses that occur earlier than expected) or accentuated aging
(more frequently than expected) [3].

Studying the factors promoting accelerated or accentuated
aging in chronic diseases is a challenge given the need for a
large sample and a prolonged follow-up to find a significant im-
pact of these factors in mortality or aging-related diseases.
Aging biomarkers as a proxy end point are an attractive alter-
native. Blood telomere length (BTL) is a well-known biomarker
of cellular aging [4], correlates with age [5], and has been asso-
ciated with mortality and aging-related diseases in the general
population and in PWH [6, 7].

Telomere shortening in peripheral blood mononuclear cells
occurs shortly after HIV-1 seroconversion [8]. When com-
pared with individuals matched by age who were uninfected,
PWH have a shorter telomere length [9], especially untreated
individuals [10]. We and others have shown that initiation of
ART in PWH is followed by an increase in BTL [11].
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However, the dynamics and factors involved in BTL after
long-term virologic suppression are not well described. The
mechanisms by which HIV-1 infection could affect immunose-
nescence and specifically telomere length are likely complex:
chronic activation and exhaustion of the immune system are
involved, and a direct telomerase inhibition by viral proteins
has been described [12]. Despite the overall benefit of ART, a
negative impact of antiretroviral drugs on BTL cannot be ruled
out [13]. Comorbidities and lifestyle habits that can affect BTL
and are prevalent in this population make it difficult to single
out the direct effect of HIV-1 infection.

Given the uncertainties surrounding BTL in PWH following
long-term virologic suppression, our study aims to evaluate the
recovery of BTL in PWH with long-term virologically sup-
pressed infection after 6 years of follow-up and to compare their
BTL with that of people without HIV-1 infection of the same
and older chronologic age. We hypothesize that after an addi-
tional 6 years of virologic suppression, BTL in PWH will show
signs of improvement or stabilization yet remain shorter than
that of their age- and sex-matched controls without HIV-1 in-
fection, resembling more closely the BTL of an older population.

METHODS

Study Design and Population

Our study includes a prospective observational cohort evaluat-
ing the evolution of BTL in PWH under virologic suppression
and a cross-sectional analysis to compare the BTL of PWH with
that of individuals without HIV-1 infection.

The prospective observational cohort included 128 PWH
with long-term virologically suppressed infection. Details of
this ongoing cohort have been described [14]. Enrollment
took place at La Paz University Hospital (Madrid, Spain) be-
tween March 2014 and March 2015 and involved PWH on sta-
ble ART regimen who were virologically suppressed for at least
12 months. Two visits were performed to collect clinical infor-
mation and draw blood (baseline and after 6 years of follow-up).
We reviewed medical records from the PWH group to retrieve
clinical information. Participants were interviewed on the day
of the visit to collect other relevant information related to BTL.

For the cross-sectional study, we compared the BTL of the
PWH group (baseline and at 6 years of follow-up) with single-
draw whole blood samples from 2 populations: elderly persons
from the general population and blood donors. Blood donors’
samples were obtained from the Transfusion Center of the
Community of Madrid, which provided remnant blood sam-
ples from 128 healthy donors matched with the PWH group
by sex and age at 6 years of follow-up. The elderly population
group included blood samples from the Seniors-ENRICA-1 co-
hort (ClinicalTrials.gov NCT01133093) [15], a noninstitution-
alized general population aged >60 years who were randomly
recruited from the Spanish population between 2008 and

2010 to carry out studies on nutrition and cardiovascular
risk. We selected 128 individuals of this cohort, with the
same sex distribution and a median age approximately 15 years
older than the PWH group at 6 years of follow-up.

Ethics Statement

The study protocol was approved by the Clinical Research
Ethics Committee of La Paz University Hospital (Madrid,
Spain; code PI-4007). Written informed consent was obtained
from all participants.

Laboratory Procedures

Genomic DNA from blood samples was purified with the
QIAamp DNA Blood Kit (QIAGEN). Relative telomere length,
expressed as the ratio of telomere to single-copy gene (T/S), was
determined by monochrome quantitative multiplex polymer-
ase chain reaction assay, with minor modifications as described
in our prior study [14]. A standard curve was performed with
genomic DNA from Human Tumor Cell Line K562
(BioChain) by serial dilution and was included in triplicate in
each run with a reference sample and a negative control.
Samples were randomized and assayed in triplicate, and those
with a coefficient of variation >10% were reanalyzed.

Statistical Analysis

A descriptive analysis was performed on all clinical and analytic
variables. Characteristics of the participants were described by
absolute and relative frequencies for qualitative variables and
medians and IQR for quantitative variables. The normality of
the variables was studied with the Kolmogorov-Smirnov nor-
mality test. The Mann-Whitney U test and Kruskal-Wallis
test were used for quantitative variables. For qualitative vari-
ables, the chi-square test was used or Fisher exact test when
necessary. For the correlation between BTL and the age of all
groups, the Spearman correlation coefficient was used. To eval-
uate the variables associated with having a BTL similar to that
of blood donors and the elderly population group, we assessed
those PWH who had a better or similar BTL than their age- and
sex-matched blood donors (within an established range of
+10%) and similar or worse BTL than the median BTL of the
elderly population group (within an established range of
+10%). To look for an association between the study groups,
multivariate logistic regression was fitted with the variables
that were significant in the univariate analysis. The search for
the best model was performed via the backward method, and
the selection of the optimal model was performed via the

Bayesian information criterion method.

RESULTS

We included 128 participants, 27.3% female, in each of the 3
groups. The elderly population group was a median 15 years
older than PWH and blood donors (median age, 70 vs 55 years

2 o OFID « Cadifianos et al


https://ClinicalTrials.gov

Table 1. Participant Characteristics of the HIV-1 Group After 6 Years of

Follow-up (N = 128)

No. (%) or Median (IQR)

Age,y
Female sex at birth
Smoking
Smoker
Years
Pack-year
Former
Years
Pack-year
Never
Alcohol®
Current hazardous alcohol consumption
Years
Standard drink units
Former
Nonsignificant alcohol consumption
Persons who inject drugs
Current
Ever
Body mass index, kg/m
Ethnicity
Caucasian
Other
Income®
Lower: <12 000€/y
Higher: >12 000€/y
Education
Primary
Secondary
University
Comorbidities
None
1
>2
Hypertension
Diabetes mellitus
Treatment with statins
Chronic kidney disease
Coronary artery disease
Peripheral artery disease
HCV coinfection
No
Resolved
Active
Positive CMV serology (immunoglobulin G)
HIV-1 transmission route
Sexual
Parenteral
Unknown
Previous AIDS
Known time with HIV-1 infection, y
Time virologically suppressed, y
Nadir CD4 count, cells/uL
ART regimen
Triple therapy
NRTI backbone

55 (51-58.2)
35 (27.3)

59 (46.1)
36 (29-41)
20 (10-39)
41 (32)
29 (20-39)
20 (12-38)
28 (21.9)

7 (5.5)
40 (35-43)
28 (28-3b)

2(1.6)

119 (93)

0(0)
41 (32)
24.7 (22.4-27.9)

118 (92.2)
10 (7.8)

50 (39.1)
78 (60.9)

52 (40.6)
40 (31.3)
36 (28.1)

75 (58.6)
29 (22.7)
24 (18.8)
43 (33.6)
24 (18.8)
42 (32.8)
6 (4.9
4(3.1)
2(1.6)

82 (64.1)
44 (34.4)
2(1.6)
116 (90.6)

83 (64.8)
41 (32)
4(3.2)
72 (56.2)
23.6 (18.5-27.9)
13.2 (12.1-13.7)
181.5 (80.5-255)

74 (57.8)

Table 1. Continued

No. (%) or Median (IQR)

TDF/FTC 11(8.6)
TAF/FTC 35 (27.3)
ABC/3TC 28 (21.9)
Other combinations of 2 NRTIs 0 (0)
Boosted Pl monotherapy 10 (7.8)
Other NRTI-sparing regimen 44 (34.4)
Treatment with TDF/TAF
Current 46 (35.9)
Time with TDF/TAF, y 16.1(14.7-17.2)
Ever 64 (50)
Time with TDF/TAF, y 15.5(11.5-16.9)
Never 64 (50)
Treatment with ABC
Current 28 (21.9)
Time with ABC, y 9.9 (7.7-11.5)
Ever 76 (59.4)
Time with ABC, y 9.83(5.1-12.9)
Never 52 (40.6)
Treatment with TDF/TAF or ABC
Current or ever 120 (93.8)
Time with TDF/TAF or ABC, y 14.33 (10-16.8)
Never 8(6.2)
Laboratory values
Plasma HIV-1 load, copies/mL 0 (0-0)
CD4 count, cells/ulL 773 (540-1020)
CD8 count, cells/uL 674 (470-930)
CD4/CDS8 ratio 1.1(0.8-1.4)
Glucose, mg/dL 91 (82.8-101)
Creatinine, mg/dL 0.85 (0.75-0.93)
C-reactive protein, mg/L 1.3 (0-4.3)

Cholesterol, mg/dL

Total 181 (152-204.3)
HDL 48.5 (39-568)
LDL 108 (85-131)

Triglycerides, mg/dL
Fibrinogen, mg/dL
D-dimer, ng/mL

97.5 (75.6-151.3)
308 (206-372.8)
220 (170-313)

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; CMV,
cytomegalovirus; FTC, emtricitabine; HCV, hepatitis C virus; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PI,

protease inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

#Hazardous alcohol consumption was defined as consuming >28 or >17 standard drinking

units/wk in men and women, respectively.

12 000¢/y is the average net income per person in Spain in 2020.

at 6 years of follow-up). The main characteristics of the PWH
group are described in Table 1. During the 6 years of follow-up,
participants continued their routine clinic visits every 6 to 12
months, including the study visits, without any virologic failure
being observed.

PWH had a significantly shorter median BTL than the age-
and sex-matched blood donor (T/S, 1.07 [IQR, 0.95-1.17] vs
1.28 [IQR, 1.12-1.48]; P <.001) but one significantly above
the median BTL of the elderly population group (0.89 [IQR,
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Figure 1.  Differences in blood telomere length (BTL) among the groups. A, This lollipop diagram shows an individual BTL, measured as the ratio of telomere to single-copy
gene (T/S), for each participant in ascending order: persons with HIV-1 (PWH) after a 6-year follow-up (pink dots), age/sex-matched blood donors (green dots), and the general
population aged >60 years (orange dots). B, This violin plot compares the BTL in the 3 groups of participants. Dots represent individual data: PWH at baseline (blue) and after
a B-year follow-up (pink), age/sex-matched blood donors (dots), and the general population aged >60 years (orange). Red dots show the medians and box plots show IQRs.
The width of each curve corresponds to the approximate frequency of data points for a given BTL.

0.77-0.98], P < .001; Figure 1). An inverse correlation between baseline vs 1.07 [IQR, 0.95-1.17] at 6 years of follow-up;
age and BTL was observed (Figure 2, Supplementary Figure 1). P =.002; Supplementary Figure 2), and 58.4% of participants

Globally, the median BTL of the PWH group increased 2.9%  had a longer BTL at the end of follow-up than at baseline.
after 6 years (+0.48% per year; T/S, 1.04 [IQR, 0.93-1.16] at We evaluated the possible factors associated with BTL (T/S at
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Figure 2. Correlation between age and blood telomere length in people with HIV-1 (PWH) and blood donors at 6 years of follow-up. Dots show individual data, and lines
show correlation curves of PWH (red) and their age- and sex-matched blood donors (green). Shaded areas represent the 95% Cl.

6 years) and with the change of BTL after 6 years of follow-up.
Only age was significantly associated with a shorter BTL (coef-
ficient, —0.007 45, SE=0.00204, P=.002; Supplementary
Table 1). Lower baseline CD4 count was the only variable asso-
ciated with BTL gain (coefficient, —0.000 06, SE = 0.000 02,
P =.004; Supplementary Table 2). We found no association
with ART regimen, including previous or current use, or
time of exposure to tenofovir disoproxil fumarate/tenofovir
alafenamide (TDF/TAF), abacavir (ABC), or both.

We evaluated the variables of the PWH group associated
with the similarity of BTL to healthy donors or the elderly pop-
ulation. In total, 78 (60.9%) PWH had a shorter BTL than their
age- and sex-matched blood donors. We analyzed the potential
clinical and analytic age-related variables associated with hav-
ing a better or similar BTL than blood donors. In the univariate
analysis, current or previous treatment with TDF/TAF or ABC,
higher glucose levels, and baseline BTL were associated with
similarity of BTL to healthy donors, but no association was
found in the multivariate analysis (Supplementary Figure 3,
Supplementary Table 3). An overall 42 (32.8%) PWH had a
similar or worse BTL than the median of the elderly population.
In the multivariate analysis, shorter baseline BTL (odds ratio,
0.91; 95% CI, .87-.94; P<.001) and higher glucose levels
(odds ratio, 1.04; 95% CI, 1.02-1.07; P =.003) were associated
with a greater similarity of PWH to the elderly population
group (Supplementary Figure 4, Supplementary Table 4).

DISCUSSION

Our findings indicate that PWH with long-term virologic sup-
pression continue to experience gains in BTL after more than 1
decade of virologic suppression. Despite this prolonged

immune reconstitution process, PWH have a shorter BTL
than expected for their chronologic age, though their BTL is
longer than that observed in older individuals from the general
population. Overall, our study results underscore that even ef-
fectively treated HIV-1 infection exerts a detrimental effect on
biological aging, an impact only partially mitigated by ART. To
our knowledge, this is the largest study evaluating the evolution
of BTL after long-term virologic suppression and the first study
assessing the differences in BTL in PWH with long-term viro-
logic suppression as compared with age- and sex-matched
healthy controls and an elderly population.

This gain of BTL after the start of ART in PWH has been ob-
served by our group and in other longitudinal studies [16, 17].
In the longest longitudinal study, including 107 PWH, Schoepf
et al found rapid deterioration of telomere length in peripheral
blood mononuclear cells during untreated infection (2.12% per
year; median follow-up, 7.7 years) but no significant changes after
initiation of ART (median follow-up, 9.8 years) [10]. There are
several reasons that may explain the differences with our findings.
Our study population is older, and the rate of BTL attrition at ad-
vanced ages tends to slow or stabilize [5]. Additionally, our larger
sample size provides more statistical power to detect significant
differences in the evolution of BTL. The follow-up period of the
study by Schoepf et al is longer, and the potential beneficial impact
of maintaining virologic suppression with ART may have a limit,
beyond which age becomes more significant. A recent meta-
analysis showed a greater decrease in telomere length over time
in peripheral blood mononuclear cells when compared with other
samples, such as whole blood [5]. Finally, we cannot rule out sig-
nificant differences among populations in other characteristics
that may influence BTL. In a smaller study including 31 persons
who inject drugs, there was a significant decrease in BTL after
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seroconversion, but there were no significant differences during
subsequent follow-up for a mean 2.2 years, although in this case
just 22% of participants were receiving ART at the time of the
last visit [18]. The findings of our study and the other longitudinal
studies discussed here support that ART would have a beneficial
effect on BTL and suggest that immune reconstitution persists be-
yond a decade of virologic suppression. ART would lead to a res-
toration of less mature T-cell phenotypes with a longer BTL,
which could mitigate the expected shortening with age.
Although our PWH cohort presented an overall gain in BTL,
this did not occur in all participants, and we have not been able
to find which factors predict the possibility of gaining BTL.

We found a good correlation between age and BTL in PWH
and blood donors. According to the correlation curves between
age and BTL of PWH and blood donors, we observed a difference
corresponding to at least 10 years of accentuated BTL attrition in
PWH, even at ages >50 years, as compared with blood donors. Ina
cross-sectional study, Zanet et al compared the BTL of PWH and
people without HIV-1 infection and estimated premature aging of
approximately 9 years for PWH [19]. In our study, the BTL curves
of PWH and blood donors decrease with age almost in parallel,
tending to converge just at older ages, probably due to the appear-
ance of other factors associated with aging. In the study by Liu
et al, PWH had a shorter BTL when compared with the general
population of the same age (measured in absolute values, approx-
imately 27 kbp/genome), and the correlation between age and
BTL decreased in parallel in both groups [20]. The shorter BTL
in PWH vs the general population, which remains stable through-
out adulthood, would support the concept of accentuated rather
than accelerated aging, in which we would have expected a pro-
gressive increase in the difference in BTL between PWH and
the general population with age.

We have not found relevant factors associated with BTL or
its change during follow-up in PWH. In our study, the only var-
iable associated with BTL in PWH was age. Baseline CD4 count
was the only variable associated with a BTL gain during follow-
up, probably due to a greater potential for recovery in patients
with a worse baseline immunologic condition. Shorter baseline
BTL and higher glucose levels of PWH were the only variables
associated with similarity to the elderly population. Since BTL
shortens with age, it is logical that PWH with a shorter baseline
BTL were more likely to have a BTL similar to the elderly pop-
ulation. In the general population, the prevalence of prediabe-
tes and diabetes mellitus increases with age [21], and shorter
BTL has been associated with the development of diabetes mel-
litus and with diabetes-related complications and mortality
[22]. Hyperglycemia and diabetes mellitus are correlated with
biological aging [23] and are a well-known risk factors for mor-
tality in PWH [24].

We found no association between other common HIV-1 in-
fection or age-related variables and BTL, BTL change during
follow-up, or similitude of BTL to that of healthy donors or

elderly controls. In a recent longitudinal study spanning >17
years with PWH, before and after the initiation of ART, our
group found that maintaining virologic suppression was the
most significant variable associated with epigenetic age deceler-
ation. This underscores the critical importance of minimizing
the duration of untreated HIV-1 infection [25]. Furthermore,
in this study we did not find a relationship between epigenetic
age acceleration and other potential aging-associated variables.
This suggests that achieving virologic suppression exerts a more
profound impact on BTL than other clinical, immunologic, and
HIV-1-related factors.

In another cohort of participants with and without HIV-1 in-
fection, smoking was associated with a shorter BTL in only the
HIV-1-negative population [19]. In the study by Schoepf et al,
no factors were associated with changes in telomere length in
peripheral blood mononuclear cells from PWH with long-term
virologic suppression [10]. We found a strong correlation be-
tween baseline BTL and BTL at 6 years of follow-up
(Supplementary Figure 5), suggesting negligible differences in
BTL recovery among PWH. Taken together, the evidence sug-
gests that much of the BTL damage caused by HIV-1 infection
occurs before achieving virologic control and that virologic
suppression may have a major role in the recovery of BTL.
This could account for the minimal influence of other potential
age-related variables observed in our study and in previous re-
search. We hypothesize that early initiation of ART and main-
tenance of virologic suppression are the key factors in
mitigating aging processes in PWH, regardless of other factors,
including the specific ART regimen.

Our study found no significant link between ART usage (in-
cluding duration and specific drugs, such as TDF/TAF and
ABC) and BTL, its changes over time, or similarities with con-
trol groups. The effect of ART on BTL is unclear [14, 20]: while
some in vitro studies suggest that nucleoside/nucleotide reverse
transcriptase inhibitors such as TDF and ABC could damage
telomere integrity [13], our earlier research indicated a poten-
tial association between these drugs and reduced BTL gains
[11], a finding not replicated in this smaller, longer-term study.

Our study has several limitations. It is an observational
study, so biases cannot be excluded and we cannot rule out
an influence of ART and other factors on BTL. Despite efforts
to mitigate cohort study biases by comparing with 2 groups not
infected with HIV-1, the lack of longitudinal data from these
controls limits our understanding of BTL’s natural progression.
Only data on age and sex were available for these groups, omit-
ting other factors that could affect BTL. Despite attempts to ac-
count for major BTL influencers in the HIV-1 group,
unmeasured confounders such as diet and lifestyle might exist.
We measured telomere length in whole blood samples, but the
different lymphocyte subpopulations have differences in telo-
mere length, and there might be relevant changes in lympho-
cyte subpopulations under effective ART. Other studies
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highlighted the importance of measuring the telomere length in
the different lymphocyte subpopulations [26].

CONCLUSION

PWH with long-term virologic suppression experience a trend
toward increased BTL after 6 years of follow-up. Among
middle-aged PWH who have achieved sustained viral suppres-
sion, BTL is shorter than what is typically expected for their age
yet longer than that observed in the general elderly population
>60 years old. This finding underscores the critical role of pro-
longed virologic suppression in influencing BTL dynamics in
PWH, as it can slow down or potentially reverse the
age-associated decline in BTL. The effectiveness of virologic
suppression is such that it probably reduces the impact of other
aging-related factors on BTL.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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