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evidence of a relationship with antiretroviral therapy
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Summary: HIV infection is independently associated with shorter leukocyte telomere length (LTL) but
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Smoking and HCV infection also affect LTL in HIV-uninfected and HIV-infected individuals, respectively.
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Abstract

Background. HIV-infected individuals appear to age faster than the general population, possibly related to HIV
infection, antiretroviral therapy, and/or social/environmental factors. We evaluated leukocyte telomere length
(LTL), a marker of cellular aging, in HIV-infected and uninfected adults.

Methods. Clinical data and blood were collected from CARMA cohort study participants. Variables important
univariately were multivariate model candidates.

Results. Of the 229 HIV-infected and 166 HIV-uninfected participants, 76% were women, and 71% were
current/previous smokers. In a multivariate model of all participants, older age (p<0.001), HIV infection
(p=0.04), active HCV infection (p=0.02), and smoking (p<0.003) were associated with shorter LTL. An
interaction was detected, whereby smoking was associated with shorter LTL in HIV-uninfected subjects only.
Among those, age and smoking (p<0.01) were related to shorter LTL. In two HIV-infected individual models, age
(p<0.002) and either active HCV infection (p=0.05), or peak HIV viral load 100,000 copies/ml (p=0.04) were
associated with shorter LTL while other HIV disease or treatment parameters were unrelated.

Conclusions. Our results suggest that acquisition of HIV and viral load are primarily responsible for the
association between HIV+ status and shorter LTL. The lack of association between LTL and time since HIV
diagnosis, antiretroviral treatment, or degree of immune suppression would implicate HIV infection-related
factors rather than disease progression or treatment. Smoking effects on LTL appear masked by HIV, while HCV
infection may accelerate LTL shortening, particularly in co-infected individuals. The effect of early therapeutic

intervention on LTL in HIV and HCV infections should be evaluated.
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Introduction

The success of combination antiretroviral therapy (cART) has increased survival for persons living with human
immunodeficiency virus (HIV) but age-associated diseases, including cardiovascular disease, diabetes,
osteoporosis, and some cancers appear more prevalent in HIV-infected persons than in the general population
[1-3]. This cohort study aims to investigate whether shorter leukocyte telomere length (LTL), a marker of

cellular aging, might underlie this apparent accelerated aging.

Telomerase is responsible for the replication of telomeres which protect the ends of chromosomes [4]. While
telomeres shorten with each cell division in most cells, telomerase activity contributes to maintenance of
telomere length (TL) in germ cells, embryonic stem cells, tissue-specific adult stem cells, placenta, and
activated immune cells [5]. TL is therefore considered a marker of cellular replicative history and/or remaining
replication capability, and having short telomeres has been linked to many age-associated diseases [6]. HIV
infection can lead to chronic immune activation, inflammation and oxidative stress [7]. In addition, HIV proteins
can down-modulate expression of telomerase activity [8, 9]. HIV cART may also contribute to premature
telomere shortening [10] through inhibition of the reverse transcriptase activity of human telomerase by
nucleoside reverse transcriptase inhibitors (NRTIs) [11-13], or induction of oxidative stress by several
antiretroviral agents [14, 15]. All these factors may affect telomeres and cellular aging and short telomeres
have been reported in small studies (n < 30 per group) on lymphocyte subsets from HIV-infected individuals
compared to those from uninfected persons [16-18]. Recently, one larger South African cohort study reported
shorter LTL in HIV-infected individuals compared to non-infected controls, suggestive of accelerated biological
aging in the HIV population [19]. Taken together, the combination of HIV infection and cART could contribute
to premature aging in persons living with HIV through decreased telomerase activity and/or accelerated
telomere shortening. We sought to investigate LTL in this population and the factors associated with shorter

LTL.
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METHODS

Study design and population

Study participants were HIV-infected and uninfected adults (>19 years) enrolled in the prospective CARMA
cohort in Vancouver, Canada, between December 2008 and July 2011. All participants provided written
informed consent. The study was approved by the University of British Columbia Clinical Research Ethics Board
(H08-02018 and H09-02867). Blood samples, as well as relevant demographic, clinical, and behavioral data
were collected. Whole blood relative LTL was measured by gPCR as previously described [20]. Hepatitis C virus
(HCV) RNA and high sensitivity C-reactive protein (CRP) testing was done on plasma collected on the day of the

visit. More details appear in the supplementary text.

Statistical analyses

Chi-square, Student’s t-tests, and Wilcoxon rank sum tests were used to compare the groups’ demographic and
clinical characteristics at baseline. Univariate linear regression models were used to explore the following
explanatory variables in relation to LTL: age, sex, HIV status (infected vs. uninfected), HCV infection status
(active vs. cleared vs. never), household income (<$15,000/year vs. >515,000/year), race (Black, Aboriginal,
South Asian vs. White), smoking status (current vs. previous vs. never), smoking exposure (pack-years), alcohol
(drink-years), illicit drug use ever (yes vs. no), body mass index, and CRP (>3 and =1 to <3 pg/ml vs. <1 pg/ml),
controlling for age as appropriate. Univariately important variables (p<0.15) were used as candidates in the
development of a multivariate model. Collinearity between these candidates was determined by examination

of contingency tables (Table S8) and multivariate models were then run including the strongly collinear

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

variables in turn. Variables which were highly non-significant in all models were eliminated going forward.
Combinations of remaining variables were then tested, with variables retained in the model as long as the
multivariate p-value was <0.1. Interactions between variables of interest were examined and were included in
the models as needed. Finally, effect size estimate () confidence intervals for statistically non-significant
variables were examined in an effort to determine whether we may have missed potentially important
explanatory variables. Because paternal and maternal ages at birth were not initially collected and were
unavailable for 43% of the participants, they were omitted during model development. Hepatitis B virus (HBV)

infection was omitted because rare in our study population.

In a secondary analysis to examine the effect of HIV-related variables, we repeated this analysis twice, first
including all HIV-infected participants, and then the more homogeneous subgroup of those on cART with
undetectable HIV plasma viral load (pVL). HIV-related explanatory variables examined included time since HIV
diagnosis, current and nadir CD4 count, current and peak HIV pVL (highest HIV pVL ever recorded dichotomized
at 100,000 copies/mL), current cART status, lifetime duration of cART, type of cART at visit, number of cART
regimens and NRTIs, number of cART interruptions >1 week, and percentage of time on cART since HIV

diagnosis.

To further support our findings, we conducted a sensitivity analysis including only participants for whom
biological father’s age at birth was available. We built two multivariate models: one following the same “rules”
as for the all-participants model with respect to variable inclusion, and a second with paternal age also
included as a candidate variable. The descriptive statistics and other sensitivity analysis results are presented in

the Supplement. Statistical analyses were performed using SAS software v9.3 (SAS Institute).
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RESULTS

Characteristics of the study participants

For the 229 HIV-infected participants, median age was 40 years (range 20-76), while for the 166 HIV-uninfected
participants, it was 38 years (range 20-73). The majority (76%) were women. There was no significant
difference between the two groups with respect to age, sex, income, education, and plasma CRP level, and
both groups showed similar rates of current smoking and illicit drug use. However, there was a lower
proportion of Blacks in the HIV uninfected group and a higher proportion reporting alcohol consumption, while
HIV-infected participants had younger parents (Table 1). The median lifetime cART duration was 4 years (range

0-20), 8% were cART-naive, and 39% had received four or more different cART regimens (Table 2).

Univariate regression analyses in all participants

Younger age, Black or South Asian race (vs. White), older parental ages at birth, and having never been
infected with HIV, HBV or HCV were significantly associated with longer LTL among all participants (Figure 1,
Table S1). While no association with sex was seen overall, among White participants, women had longer LTL
than men (B=0.26, p=0.02). Low income, smoking (both current status and pack-years), illicit drug use ever, and

alcohol drink-years were all associated with shorter LTL while higher CRP level was not.

Interactions and collinearity between variables

Repeating the univariate analyses in each group (Figure 1, Table S1) revealed a number of potential
interactions: smoking status, illicit drug use and income <$15,000/year were associated with shorter LTL in HIV-
uninfected individuals but not in persons living with HIV. Similarly, HIV infection and income <$15,000/year
were only associated with shorter LTL in those who never smoked (data not shown). Finally, HIV infection

status was associated with shorter LTL for younger subjects only. Because smoking, race, income, illicit drug
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use, and HCV infection showed significant collinearity (see contingency tables in Supplement, Table S8) these

variables were considered iteratively for the multivariate model.

HIV-specific explanatory variables

Univariately, having a peak HIV pVL >100,000 copies/mL was the only significant HIV-specific LTL predictor, and
this remained true after adjusting for age (Figure 2, Table S2). Neither the time since HIV diagnosis, current HIV
pVL, current CD4 count, CD4 nadir, nor length or type of cART exposure showed any association with LTL,
before or after adjusting for age or HIV duration, as appropriate. The same was true among the subgroup of
HIV-infected participants on cART with an undetectable HIV pVL (n= 126) except that the paternal age

association was lost.

Predictors of shorter leukocyte telomere length

The final multivariate model (R? =0.25) showed that older age, smoking status, HIV infection, and active HCV
infection were all independently significantly associated with shorter LTL (Table 3), even after taking into
account the interaction between HIV and smoking described above. The magnitude of the effect size estimate
(B) suggested the largest effect on LTL was in association with current smoking. HIV infection and active HCV
infection effect size estimates were comparable to 24 (95% confidence interval [CI] 13-35) and 9 (1-17) years of
aging respectively, although the former may be partly confounded by an age*HIV status interaction. Among all
HIV-infected participants, older age and active HCV infection were significantly associated with shorter LTL, the
latter’s effect estimate comparable to over a decade of aging. An alternate model substituting a categorical
variable indicating peak HIV pVL >100,000 copies/mL in place of HCV status appeared to predict LTL equally
well (Table 3). Among HIV-uninfected participants, only age and smoking were independently associated with
shorter LTL (Table 3). Examining 3 confidence intervals for statistically non-significant variables indicated a
possible role for having a detectable HIV pVL at visit but our sample did not enable us to draw firm conclusions

with respect to this variable (see Supplement text and Tables).
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We performed a secondary analysis on a more homogeneous subgroup consisting of HIV-infected individuals
on cART having an undetectable HIV pVL at the time of visit (Tables 1 and 2). The results were similar to those
for all HIV-infected individuals (Tables S1, S2 and Table 3), except that active HCV was no longer associated
with LTL. Finally, a sensitivity analysis among subjects with paternal age at birth data showed similar results as

the final multivariate model (see Supplement Tables S3 to S7).

DISCUSSION

In this cohort of 395 HIV-infected and uninfected adults, after accounting for other important variables, we
found that HIV infection and smoking (current more than previous) were strongly associated with shorter LTL.
Our data further suggested that HCV infection also negatively affects LTL, particularly in HIV-infected

individuals in whom peak HIV viremia also predicts shorter LTL.

HIV

The effect size estimate (B) on LTL for HIV infection is similar to that seen for over a decade of aging, or with
current smoking. There was a lack of association between LTL and most HIV-specific factors except peak HIV
viremia. Neither time since HIV diagnosis, or progression of HIV disease as measured by current or nadir CD4
count were related to LTL. Furthermore, despite in vitro and ex vivo data showing telomerase inhibition by
NRTI [11-13, 21], we saw no evidence of a relationship between LTL and cART exposure, including cART
duration, percentage of time on cART since HIV diagnosis, current treatment status, current type of cART, or
number of cART interruptions. These results suggest that chronic inflammation (as reflected by CRP), and/or
telomerase inhibition by cART do not adequately explain the association seen between HIV and shorter LTL.
The fact that few study participants (22/163) were currently treated with the NRTIs showing highest

telomerase inhibition in vitro, namely stavudine, zidovudine or didanosine [12], may explain the lack of
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association between cART and LTL. Taken together, our observations would suggest instead that acquiring the
HIV infection itself may exert a negative effect on LTL that neither significantly worsens nor improves with time
or with cART, but that is rather modulated by HIV products or by the immune response toward HIV that take
place early on following infection.

The mechanism behind shorter LTL in HIV-infected individuals remains unknown. A plausible explanation
consistent with our findings could involve an early and at least partially irreversible loss of telomere in
hematopoietic stem cells, the precursors of leukocytes, especially around the time of primary infection and
establishment of HIV, possibly affecting the length of all blood cells’ telomeres thereafter. HIV infection and
HIV Tat have indeed been shown to down-modulate telomerase expression and activity in various blood cell
subtypes [9, 22, 23].

Incidentally, shorter LTL, a predictor of cardiovascular disease particularly in younger individuals [24-26], could
contribute to the reported association between HIV and increased cardiovascular risk [27, 28]. Endothelial
progenitor cells are involved in neovascularisation and vascular tissue injury repair. Since these and leukocytes
are both derived from hematopoietic stem cells, shorter LTL has been proposed to also reflect endothelial cell
TL [29]. Furthermore, replenishment of leukocytes migrating during inflammation may also trigger increased
replication of hematopoietic stem cells, hence shorten their telomeres (reviewed in [29]). Although we found
no association between current CRP level and LTL at time of visit, it is possible that HIV-induced inflammation
and endothelial activation [30], particularly at times of high viremia, could affect hematopoietic stem cells TL,
further reducing LTL and endothelial progenitor cell function. Future studies in various blood cell subsets will

be required to explore this hypothesis.

Alternatively, our data are also consistent with the possibility that individuals with short LTL are at higher risk
of acquiring HIV. An intriguing preliminary study in healthy individuals showed increased resistance to
experimentally induced infection by the common cold virus in participants with longer LTL [31]. Either

suggested mechanism would also be consistent with reports of premature cardiovascular aging [28, 32] in this

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

10

population, irrespective of current HIV viremia, CD4 count or exposure to cART, and independent of traditional

cardiac risk factors.

While other mechanisms such as inhibition of telomerase activity by NRTIs as well as HIV or cART-induced
oxidative stress and inflammation may also contribute to telomere shortening in persons living with HIV, our
data suggest that these are less important than HIV infection per se since HIV disease, cART-related variables
and CRP showed no association with LTL. Nevertheless, the low R? of the multivariate model for the HIV-

infected group suggests that important but as yet unidentified factors are at play in this population.

Hepatitis C virus infection

HCV infection was also associated with shorter LTL in this cohort, in agreement with other studies [33, 34]. This
relationship may be linked to decreased lymphocyte telomerase expression or activity [34] and/or to chronic
immune activation and inflammation that are reported increased in individuals with chronic HCV. Although we
likely lacked power to distinguish between active and cleared HCV, our univariate results suggested a stronger
effect in individuals with circulating HCV RNA. Given this, it would be of interest to investigate whether HCV

therapy and HCV clearance would positively affect LTL.

Smoking

Our findings are in agreement with previous reports of shorter age-adjusted LTL in current smokers compared
to non-smokers [35]. Indeed, smoking is a well-established risk factor in many disease states, including
cardiovascular disease, and is especially prevalent in the HIV population [36]. Though some studies have

observed an association between pack-years and LTL, we did not.

Both smoking and HIV infection elicit similar pathophysiological changes known to be linked with

cardiovascular disease, including systemic oxidative stress, endothelial cell dysfunction, and reduced repair
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capacity of endothelial progenitor cells. Taken together, although our results highlight the importance of
smoking cessation interventions, other factors, identified or not, appear more strongly related to LTL

shortening in HIV-infected individuals.

Other important factors

In general agreement with existing telomere literature, younger paternal age at birth, higher BMI, alcohol use,
illicit drug use, and low income were all univariately associated with shorter LTL within the whole cohort. Of
these, only paternal age emerged in the multivariate sensitivity analysis. Overall, sex was not associated with
LTL, in apparent contrast to other studies reporting longer LTL in women compared to men [37]. While the high
prevalence of substance use and HCV infection in our cohort may confound sex-related effects on LTL, it is
noteworthy that previous cohort studies included primarily white individuals. Indeed, we also observed longer
LTL in women when restricting our analysis to white participants. The univariate association observed between
LTL and low income is consistent with reports of a positive relationship between LTL and socio-economic
measures [38]. In our cohort, low income was correlated with lower education, substance use (smoking,
alcohol, illicit drugs), and Aboriginal ethnicity, and likely behaved as a surrogate variable for a number of other

factors reportedly linked to LTL, including poor lifestyle habits, poor nutrition, and lower healthcare access.

Strengths and limitations
A strength of this study is the fact that the HIV-infected and uninfected participants shared very similar socio-

demographic characteristics, reducing the confounding effect of factors that differ between the HIV population

and the general population. A further strength was its larger size compared to other studies of telomeres in HIV.

Limitations include the incomplete data on parental ages, and the fact that a small number of HIV-uninfected
participants may be unaware of their HCV infection. The best measure available to assess the effect of HIV
duration was the HIV diagnosis date, but while highly correlated with HIV acquisition date (Figure S1), it is not

equivalent to date of infection. A number of explanatory variables showed markedly different associations with
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LTL according to HIV status or other variables and were therefore modified by them. Although we accounted

for important interactions, it is possible that unidentified ones exist.

Cytomegalovirus (CMV) infection has been associated with shorter LTL and immunosenescence [39, 40] but
CMV serology data were not available for this study. While our two groups are expected to have similarly high
CMV infection rates, HIV-infected individuals may have higher CMV reactivation rates, possibly confounding
our results. Cardiovascular risk could not be estimated due to the unavailability of complete lipid data and
family history. Additionally, a number of factors such as exercise, psychological stress, life trauma, mental

health, and marital status that have been linked to LTL were not evaluated in our study participants.

In conclusion, after controlling for important variables, HIV infection was independently associated with
shorter LTL but cART was not. The HIV effect on LTL, which is consistent with the accelerated biological aging
seen in HIV-infected individuals, was modified by smoking. Our results further suggest that the HIV effect is
related to immune control of HIV viremia. Finally, HCV infection is also associated with shorter LTL in HIV-

infected individuals, while in uninfected ones, smoking is more important.

Further research is needed to determine the clinical significance of shorter LTL and potential usefulness of
measuring LTL in HIV-infected individuals as a marker of disease risk, particularly cardiovascular risk [3].
Investigating whether cART and HCV therapy early in infection would influence LTL dynamics, cardiovascular

health and mortality is also needed.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

13

NOTES

Acknowledgements

We thank all CARMA cohort participants, the dedicated Oak Tree Clinic research staff, and the Positive Women
network staff and members. We are also grateful to Dr. Mel Krajden and Andrea Olmstead from the British
Columbia Centre for Disease Control for their assistance with HCV RNA testing. We also wish to acknowledge
Drs. Paul Man and Richard Harrigan for stimulating discussions.

Funding

This work was supported by the Canadian Institute for Health Research Emerging Team Grant in HIV Therapy

and Aging: CARMA [HET-85515]. DZ was supported by a CIHR Award (HIV/AIDS Research - Small Health

Organizations Partnership Program).

All authors report no conflict of interest for this study.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

14

References

1. Guaraldi G, Orlando G, Zona S, et al. Premature Age-Related Comorbidities Among HIV-
Infected Persons Compared With the General Population. Clin Infect Dis 2011 Oct 13.

2. Deeks SG, Phillips AN. HIV infection, antiretroviral treatment, ageing, and non-AIDS related
morbidity. Bmj 2009;338:a3172.

3. Boccara F, Lang S, Meuleman C, et al. HIV and coronary heart disease: time for a better
understanding. Journal of the American College of Cardiology 2013 Feb 5;61(5):511-23.

4. Blackburn EH. Telomeres. Trends Biochem Sci 1991 Oct;16(10):378-81.

5. Choudhary B, Karande AA, Raghavan SC. Telomere and telomerase in stem cells: relevance in
ageing and disease. Front Biosci (Schol Ed) 2012;4:16-30.

6. Oeseburg H, de Boer RA, van Gilst WH, van der Harst P. Telomere biology in healthy aging and
disease. Pflugers Arch 2010 Jan;459(2):259-68.

7. Pace GW, Leaf CD. The role of oxidative stress in HIV disease. Free radical biology & medicine
1995 Oct;19(4):523-8.

8. Franzese O, Adamo R, Pollicita M, et al. Telomerase activity, hTERT expression, and
phosphorylation are downregulated in CD4(+) T lymphocytes infected with human
immunodeficiency virus type 1 (HIV-1). Journal of medical virology 2007 May;79(5):639-46.

9. Reynoso R, Minces L, Salomon H, Quarleri J. HIV-1 infection downregulates nuclear telomerase
activity on lymphoblastoic cells without affecting the enzymatic components at the

transcriptional level. Aids Res Hum Retrov 2006 May;22(5):425-9.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

10.

11.

12.

13.

14.

15.

16.

17.

15

Hotchkiss G, Pehrson PO, Larsson S, Ahrlund-Richter L, Britton S. Telomere loss in peripheral
blood mononuclear cells may be moderately accelerated during highly active antiretroviral
therapy (HAART). J Acquir Immune Defic Syndr 1999 Dec 15;22(5):445-52.

Murakami J, Nagai N, Shigemasa K, Ohama K. Inhibition of telomerase activity and cell
proliferation by a reverse transcriptase inhibitor in gynaecological cancer cell lines. European
journal of cancer 1999 Jun;35(6):1027-34.

Hukezalie KR, Thumati NR, Cote HC, Wong JM. In vitro and ex vivo inhibition of human
telomerase by anti-HIV nucleoside reverse transcriptase inhibitors (NRTIs) but not by non-
NRTIs. PLoS One 2012;7(11):e47505.

Leeansyah E, Cameron PU, Solomon A, et al. Inhibition of Telomerase Activity by Human
Immunodeficiency Virus (HIV) Nucleos(t)ide Reverse Transcriptase Inhibitors: A Potential
Factor Contributing to HIV-Associated Accelerated Aging. The Journal of infectious diseases
2013 Apr;207(7):1157-65.

Caron M, Auclairt M, Vissian A, Vigouroux C, Capeau J. Contribution of mitochondrial
dysfunction and oxidative stress to cellular premature senescence induced by antiretroviral
thymidine analogues. Antivir Ther 2008;13(1):27-38.

Kline ER, Sutliff RL. The roles of HIV-1 proteins and antiretroviral drug therapy in HIV-1-
associated endothelial dysfunction. J Investig Med 2008 Jun;56(5):752-69.

Rickabaugh TM, Kilpatrick RD, Hultin LE, et al. The dual impact of HIV-1 infection and aging on
naive CD4 T-cells: additive and distinct patterns of impairment. PLoS One 2011;6(1):e16459.
Pommier JP, Gauthier L, Livartowski J, et al. Immunosenescence in HIV pathogenesis. Virology

1997 Apr 28;231(1):148-54.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

18.

19.

20.

21.

22.

23.

24.

25.

Effros RB, Allsopp R, Chiu CP, et al. Shortened telomeres in the expanded CD28-CD8+ cell
subset in HIV disease implicate replicative senescence in HIV pathogenesis. AIDS 1996
Jul;10(8):F17-22.

Pathai S, Lawn SD, Gilbert CE, et al. Accelerated biological aging in HIV-infected individuals in
South Africa: a case-control study. AIDS 2013 Jun 6.

Zanet DL, Saberi S, Oliveira L, Sattha B, Gadawski |, Cote HC. Blood and Dried Blood Spot
Telomere Length Measurement by gPCR: Assay Considerations. PLoS One 2013;8(2):e57787.
Liu X, Takahashi H, Harada Y, et al. 3'-Azido-2',3'-dideoxynucleoside 5'-triphosphates inhibit
telomerase activity in vitro, and the corresponding nucleosides cause telomere shortening in
human HL60 cells. Nucleic Acids Res 2007;35(21):7140-9.

Ballon G, Ometto L, Righetti E, et al. Human immunodeficiency virus type 1 modulates
telomerase activity in peripheral blood lymphocytes. Journal of Infectious Diseases 2001 Feb
1;183(3):417-24.

Comandini A, Naro C, Adamo R, et al. Molecular mechanisms involved in HIV-1-Tat mediated

16

inhibition of telomerase activity in human CD4(+) T lymphocytes. Molecular immunology 2013

Jun;54(2):181-92.

Brouilette S, Singh RK, Thompson JR, Goodall AH, Samani NJ. White cell telomere length and

risk of premature myocardial infarction. Arterioscler Thromb Vasc Biol 2003 May 1;23(5):842-6.

Fitzpatrick AL, Kronmal RA, Gardner JP, et al. Leukocyte telomere length and cardiovascular
disease in the cardiovascular health study. American journal of epidemiology 2007 Jan

1;165(1):14-21.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

17
Weischer M, Bojesen SE, Cawthon RM, Freiberg JJ, Tybjaerg-Hansen A, Nordestgaard BG. Short

telomere length, myocardial infarction, ischemic heart disease, and early death.
Arteriosclerosis, thrombosis, and vascular biology 2012 Mar;32(3):822-9.

Gibellini D, Borderi M, Clo A, et al. HIV-related mechanisms in atherosclerosis and
cardiovascular diseases. J Cardiovasc Med (Hagerstown) 2013 May 7.

Zanni MV, Abbara S, Lo J, et al. Increased Coronary Atherosclerotic Plague Vulnerability by
Coronary Computed Tomography Angiography in HIV-Infected Men. AIDS 2013 Jan 16.

Aviv A. Genetics of leukocyte telomere length and its role in atherosclerosis. Mutation
research 2012 Feb 1;730(1-2):68-74.

Zanni MV, Grinspoon SK. HIV-specific immune dysregulation and atherosclerosis. Current
HIV/AIDS reports 2012 Sep;9(3):200-5.

Cohen S, Janicki-Deverts D, Turner RB, et al. Association between telomere length and
experimentally induced upper respiratory viral infection in healthy adults. JAMA : the journal
of the American Medical Association 2013 Feb 20;309(7):699-705.

Hsue PY, Hunt PW, Schnell A, et al. Role of viral replication, antiretroviral therapy, and
immunodeficiency in HIV-associated atherosclerosis. AIDS 2009 Jun 1;23(9):1059-67.
Kitay-Cohen Y, Goldberg-Bittman L, Hadary R, Fejgin MD, Amiel A. Telomere length in Hepatitis
C. Cancer Genet Cytogenet 2008 Nov;187(1):34-8.

Reynoso R, Laufer N, Bolcic F, Quarleri J. Telomerase activity in peripheral blood mononuclear
cells from HIV and HIV-HCV coinfected patients. Virus research 2010 Feb;147(2):284-7.
O'Donnell CJ, Demissie S, Kimura M, et al. Leukocyte telomere length and carotid artery
intimal medial thickness: the Framingham Heart Study. Arterioscler Thromb Vasc Biol 2008

Jun;28(6):1165-71.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

36.

37.

38.

39.

40.

18
Helleberg M, Afzal S, Kronborg G, et al. Mortality Attributable to Smoking Among HIV-1-

Infected Individuals: A Nationwide, Population-Based Cohort Study. Clinical infectious
diseases : an official publication of the Infectious Diseases Society of America 2013
Mar;56(5):727-34.

Moller P, Mayer S, Mattfeldt T, Muller K, Wiegand P, Bruderlein S. Sex-related differences in
length and erosion dynamics of human telomeres favor females. Aging 2009 Aug;1(8):733-9.
Cherkas LF, Aviv A, Valdes AM, et al. The effects of social status on biological aging as
measured by white-blood-cell telomere length. Aging Cell 2006 Oct;5(5):361-5.

van de Berg PJ, Griffiths SJ, Yong SL, et al. Cytomegalovirus infection reduces telomere length
of the circulating T cell pool. J Immunol 2010 Apr 1;184(7):3417-23.

Effros RB. Telomere/telomerase dynamics within the human immune system: effect of chronic

infection and stress. Exp Gerontol 2011 Feb-Mar;46(2-3):135-40.

¥T0Z ‘g Afenuer uo uine sainc Aq /Bio'sfeuinolploxo pio//:dny wody papeojumoq


http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

Table 1. Participant characteristics at study visit".

a

19

Participants HIV

Participants

b
E'Iv\;alue infected on HIV infected
. Participants HIV Participants HIV CART with
All Participants ) . Infected )
(n = 395) uninfected infected > with detectable
- (n=166) (n=229) ; undetectable viral load
uninfect .
od viral load (n=88)
(n=126)
Age, median (IQR) [range], v 40(32-47) [20- 54 (31-49) [20-73] 40 (33-49) [20-76] .40 42 (34-47) [20- 37 (31-44) [20-
76] 76] 60]
Female 299 (76) 118 (71) 181 (79) 11 97 (77) 75 (85)
Race
Aboriginal/First Nations 117 (30) 53 (32) 64 (28) 29 (23) 29 (33)
Black 39 (10) 1(1) 38(17) 21 (17) 14 (16)
South Asian 25 (6) 8 (5) 17 (7) <.01 10 (8) 7 (8)
White 180 (45) 87 (52) 93 (41) 53 (42) 33 (37)
Other/Missing 34 (9) 17 (10) 17 (7) 13 (10) 5 (6)
Maternal age at birth,
median (IQR) [range], y 25 (21-30)[14- 5 (24-31) [15-40] 24 (20-29) [14-52] <.01 25(20-29) [14- 23 (20-28) [14-
52] 52] 46]
(n=210)
Paternal age at birth, median 29 (24-35) [15- 28 (23-33) [15-  26(22-34) [16-
(1QR) [rangel, y (n=226) 7] 32 (26-36) [17-48] 27 (23-34) [15-72]  <.01 7] 61]
Income <$15,000/y (n=369) 194 (49) 89 (54) 105 (46) .64 62 (49) 44 (50)
High school graduate (n=366) 249 (63) 115 (69) 134 (58) A48 78 (62) 46 (52)
HBV diagnosis ever (n=392) 25 (6) 4(2) 21(9) <.01 10 (8) 9 (10)
HCV diagnosis ever (n=394) 136 (34) 48 (29) 88 (38) .05 41 (32) 41 (46)
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HCV infection status
Active HCV infection

Cleared HCV infection
BMI, median (IQR) [range]

(n=374)

Smoking status (n=391)
Current smokers
Previous smokers

Never smokers

Lifetime smoking — Pack-
years, median (IQR) [range]

(n=367)

Current drug users
(daily-weekly) [range]

(n=393)

Lifetime ever illicit drug users
(daily-weekly) (n=385)

Ex-drug user (n=385)

Current alcohol users (n=389)

Drink-years, median (IQR)

[range] (n=332)

Ex-alcohol user (n=389)
CRP® — (ug/ml), median (IQR)

[range] (n=389)

CRP <1 pg/ml

92 (23)

42 (11)

25 (22-29) [14-
53]

195 (49)

84 (21)

112 (28)

3 (0-14) [0-160]

153 (39)

223 (56)

70 (18)

227 (57)

7 (0-42) [0-922]

107 (27)

1.4 (0.5-3.1)
[0.5-40.1]

162 (41)

33 (20)

15 (9)

24 (21-28) [14-53]

86 (52)
29 (17)

51 (31)

2 (0-13) [0-57]

68 (41)

94 (56)
26 (16)
110 (66)
7 (1-41) [0-922]

47 (28)

1.3 (0.5-3.3) [0.5-

40.1]
73 (44)

59 (26)

27 (12)

25 (22-29) [16-46]

109 (48)

55 (24)

61 (27)

4 (0-15) [0-160]

85 (38)

129 (56)

44 (19)

117 (51)

6 (0-43) [0-396]

60 (26)

1.4 (0.5-3.0) [0.5-

40.1]
89 (39)

17

.24

31

.50

.65

.20

<.01

.05

.76

77
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27 (21)

13 (10)

26 (22-29) [17-
46]

44 (35)
37 (29)

42 (33)

3 (0-16) [0-89]

33 (26)

60 (48)
27 (21)
60 (48)
2 (0-43) [0-300]

32 (25)

1.2 (0.5-3.2)
[0.5-40.1]

55 (44)

20

26 (30)

14 (16)

25 (22-29) [16-
40]

55 (63)

17 (19)

16 (18)

5 (0-15) [O-
160]

45 (51)

58 (66)
13 (15)

50 (57)

8 (0-31) [0-
396]

23 (26)

1.7 (0.6-2.9)
[0.5-40.1]

27 (31)
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CRP 21 to <3 pg/ml 128 (32) 48 (29) 80 (35) 36 (29) 39 (44)

CRP >3 pg/ml 99 (25) 43 (26) 56 (24) 32 (25) 21 (24)
Leukocyte telomere length, 2.9 (2.6-3.4) 3.0(2.6-3.5) [1.7- 2.9 (2.6-3.3) [1.4- 0.03 2.9 (2.6-3.3) 2.8(2.5-3.2)
median (IQR) [range] [1.4-5.9] 5.0] 5.9] ) [1.4-5.8] [1.9-5.8]

Abbreviations: IQR, interquartile range; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; BMI, body mass index; CRP, C-reactive protein

®Data are presented as n (% of total) unless otherwise indicated. Number of subjects is included beside the variables for which data are not complete. Race was given
by self-report. See Supplementary appendix for definitions of pack- and drink-years

® Characteristics were compared between groups using Chi-square, t or Wilcoxon rank sum test, as appropriate

“ Samples below the lower limit of the assay (0.6 ug/ml, n=135) were assigned the value of 0.5 pg/ml while those above the higher limit of the assay(40 pg/ml, n=3)
were assigned the value of 40.1 pug/ml. A total of 12 participants (4 HIV-infected and 8 HIV-uninfected) had CRP levels >20 pg/ml indicative of possible acute infection.
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Table 2. HIV-specific characteristics for HIV-infected participants.

All participants HIV
infected®

Participants HIV infected on
CART with undetectable viral

Participants HIV infected
with detectable viral

(n=229) load load
(n=126) (n =88)
Mode of acquisition
Heterosexual 112 (49) 56 (44) 40 (45)
Homosexual 7 (3) 5(4) 1(1)
Intravenous illicit drug use 41 (18) 17 (13) 20 (23)
Perinatal 3(1) 1(2) 2(2)
Blood Products 7 (3) 6 (5) 1(1)
Multiple Modes 31(14) 26 (21) 18 (20)
Unknown or Not Disclosed 28 (12) 15(12) 6(7)

Time since HIV diagnosis, median (IQR) [range], v
(n=225)
CD4 nadir, median (IQR) [range], cells/mm?
(n=228)
CD4 count at study visit, median (IQR) [range],
cells/mm?3
On cART at study visit
Peak HIV pVL >100,000, copies/mL (n=216)"
Time between HIV diagnosis and peak HIV pVL,
median (IQR) [range], y (n=212)
Undetectable HIV pVL at study visit (n=222)
Log HIV pVL, median (IQR) [range], copies/mL
(n=222)
CART regimen at visit

Pl only

NNRTI only

Pl and NNRTI

NRTI-sparing

Other

9 (6-13) [0-23]

190 (90-270) [0-1110]

450 (295-630) [20-
1570]

163 (71)

110 (48)

3 (1-7) [0-19]
134 (59)
1.6 (1.6-2.7) [1.6-5.8]

110 (48)
40 (17)
3(1)

2 (1)

10 (4)

10 (6-14) [1-22]
70 (90-240) [0-731]

480 (340-630) [110-1150]

126 (100)
68 (54)

3(1-7) [0-17]
126 (100)

80 (63)
36 (28)
3(2)
2(2)
8 (6)
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8 (4-12) [0-23]
200 (88-322) [0-1110]

370 (218-580) [20-1570]

30 (34)
39 (44)

4 (1-7) [0-19]
0 (0)
3.4(2.4-4.2) [1.6-5.8]

26 (30)
2(3)
0(0)
0(0)
2(3)
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Lifetime cART duration, median (IQR), y 4 (1-8) 6 (2-10) 1(0-6)
Number of different cART regimens (n=228)
0 18 (8) 0(0) 14 (16)
1 50 (22) 26 (20) 19 (22)
2 44 (19) 23 (18) 19 (22)
3 27 (12) 19 (15) 8(9)
>4 89 (39) 59 (47) 27 (31)
Number of different NRTI (n=228)
0 18 (8) 0 (0) 14 (16)
1 1(0) 0 (0) 1(1)
2 71(31) 39 (31) 26 (30)
3 28 (12) 16 (13) 12 (14)
>4 110 (48) 72 (57) 34 (39)

Number of cART interruptions > 1 week (n=210)

0 61 (27) 54 (42) 4 (4)
1 63 (28) 32 (25) 26 (30)
2 37 (16) 19 (15) 18 (20)
3 17 (7) 10 (8) 6(7)
24 32 (14) 12 (10) 19 (22)
Percentage of time on cART since HIV diagnosis, 42 (14-68) [0-100] 53 (31-83) [2-100] 20 (4-48) [0-96]

median (IQR) [range]

Abbreviations: IQR, interquartile range; cART, combination antiretroviral therapy; pVL, plasma viral load; PI, protease inhibitor; NRTI, nucleoside reverse transcriptase
inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor

®Data are presented as n (% of total) unless otherwise indicated. Number of subjects is included beside the variables for which data are not complete.

® This represents the highest HIV pVL on record. Participants with missing data either initiated cART prior to HIV pVL testing (11/229), or no HIV pVL data were
available (2/229), usually because treatment was initiated elsewhere.
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Table 3. Multivariate analyses of the association between various factors and leukocyte telomere length in all participants and separated

by HIV status.

All Participants

Participants HIV

Participants HIV infected

Participants HIV
infected

(R2=0.25) unzinfected with suppressed viral
(n=388) (R°=0.40) Model 1 Model 2 load
(n =166) ; ; (R*=0.091)
(R®=0.096) (n=226) (R°=0.074) (n=216) (n= 115)
. B value P B value B value B value B value
Predictors (95% Cl) value  (95% Cl) P value (95% Cl) P value (95% Cl) P value (95% Cl) P value
HIV status (infected vs. -0.50 (-0.73 04 . . N . . N N N
uninfected) to -0.27) '
-0.27 (- -0.14 (-
Age (per 10'y) tgzol 1('50)'27 <001 0.35to-  <.001 tglg (()'90)'24 <.001 tglg’ é—sc;.u 002 0.24to-  <.001
' 0.18) ' ' 0.03)
HCV infection status - .04 - - -—- .08 --- - - -—-
Active HCV infection -0.19 (-0.35 02 . . -0.19 (-0.38 05 N N . N
(vs. never) to -0.03) ’ to 0.0004)
Cleared HCV infection -0.16 (-0.37 12 . . -0.21 (-0.47 12 . . . N
(vs. never) to 0.04) ) to 0.05)
Smoking status - .003 - <001 -- - --- - -—- -—-
Current smoking (vs. -0.55 (-0.77 057 (-
never) t0-0.32) <.001 0.78to- <.001 ---
0.36)
Previous smoking (vs.  -0.40 (-0.69 | S
never) t0-0.12) .005  (-0.62 .01
to -0.07)
HIV sta.tus*smf)kmg . <001 - . . N . . . .
status interaction
Peak HIV pVL >100,000 -0.24 (-
copies/ml (vs. <100,000  --- tglg 8606?4 .04 0.46 to - 04
copies/ml) ) 0.02)
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Other variables that were considered during modeling include: race, HBV infection ever, BMI, income, pack-years, drink-years, and illicit drug use. These models did
not include paternal or maternal age.
Abbreviations: HCV, Hepatitis C Virus; HBV, Hepatitis B virus; BMI, body mass index; pVL, HIV plasma viral load
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Figure Legends

Figure 1. Univariate analyses of the association between possible predictors and leukocyte telomere length. [3 values and 95%
confidence intervals are shown for possible predictors sorted according to their association with LTL: associations with shorter LTL show
negative B3 values. Variables in italics have been adjusted for age at visit as appropriate. Analyses were separated by group: all subjects
(light grey triangle), HIV uninfected subjects (dark grey circle) and HIV infected subjects (black square). P values shown are p<0.001 (**),
p<0.05 (*) and p<0.15 (T); all variables with p<0.15 (T) were considered in the multivariate modeling.

HCV, hepatitis C virus; HBV, hepatitis B virus; BMI, body mass index

Figure 2. Univariate analyses of the association between HIV-related factors and leukocyte telomere length. 3 values and 95%
confidence intervals are shown for possible predictors sorted according to their association with LTL: associations with shorter LTL show
negative [3 values. Variables in italics have been adjusted for time since HIV diagnosis or age at visit as appropriate. P values shown are
p<0.05 (*) and p<0.15 (t); all variables with p<0.15 (t) were considered in the multivariate modeling.

pVL, plasma viral load; cART, combination antiretroviral therapy; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside

reverse transcriptase inhibitor; PI, protease inhibitor
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