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Abstract

Rationale Human telomeres consist of tandem repeats at chromosome ends which protect chromosomal DNA from deg-
radation. Telomere shortening occurs as part of natural aging; however, life stressors, smoking, drug use, BMI, and
psychiatric disorders could disrupt cell aging and affect telomere length (TL). In this context, studies have evaluated the
effects of alcohol consumption on TL; however, results have been inconsistent, which may reflect diverse drinking cut-offs
and categorizations.

Objectives To help clarify this, the present study addresses the association of TL with alcohol use disorder (AUD), drinking
behaviors, lifetime stress, and chronological age.

Methods TL was quantified as the telomere to albumin ratio (T/S ratio) obtained from peripheral blood DNA using the quan-
titative PCR assay, from 260 participants with AUD and 449 non-dependent healthy controls (HC) from an existing National
Institute on Alcohol Abuse and Alcoholism (NIAAA) database.

Results AUD participants showed shorter TL compared to HC with both, age, and AUD, as independent predictors as well as a
significant AUD with age interaction effect on TL. TL was also associated with impulsiveness in AUD participants. We did not
observe an association between TL and chronicity of alcohol use, alcohol doses ingested, or childhood trauma exposures in either
AUD or HC, although very few HC reported a history of childhood trauma.

Conclusion Our results support previous findings of telomere shortening with chronic alcohol exposures and show both an effect
of AUD on TL that is independent of age as well as a significant AUD by age interaction on TL. These findings are consistent
with accelerated cellular aging in AUD.
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and interchromosomal fusion. Specifically, telomeres protect
genomic DNA against double-strand breaks and consequently
against DNA end-joining and recombination (Zhu et al.
2018). Telomeres are not fully replicated during every cell
' ' ) ' division and become progressively shorter over the lifespan
E:EﬁilsI:;gz;?tﬁ?liltizggi’A&lszggg;l{;‘é}f lism, National (Wa.tsor.l 1972; Olovnﬂ<ov 1.973). This oceurs due to the ‘ejnd

replication problem’ in which the replication of the lagging
strand is discontinuous, and the DNA polymerase is incapable
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childhood trauma (Ridout et al. 2018), drug exposures (e.g.,
alcohol and drugs of abuse) (Coimbra et al. 2017,
Levandowski et al. 2016), high BMI (Gielen et al. 2018),
and psychiatric disorders such as anxiety and depression
(Verhoeven et al. 2014; Darrow et al. 2016) could accelerate
telomere erosion, thus negatively impacting TL. However, the
association of TL with stress disorders is confounded by ex-
posure to chronic as well as acute stressors with persistent
effects (Rom and Reznick 2015). Moreover, stress events are
associated with age (e.g., humans undergo distinct types of
stressors during different life-time periods (Ridout et al.
2018)), high BMI and obesity (i.c., higher uncontrolled eat-
ing) (Jarveld-Reijonen et al. 2016), ethnicity, education levels,
and socioeconomic status (Farah 2017).

Alcohol is the most widely used recreational drug and its
abuse negatively affects health. The global status report on
alcohol and health 2018 (World Health Organization 2018)
estimated that in 2016, more than 3 million people died from
harmful use of alcohol. Heavy alcohol consumption has been
associated with premature aging and accelerates the onset of
age-related diseases such as cardiovascular diseases, hyperten-
sion, diabetes, and cancer (World Health Organization 2018),
all of which are associated with shorter TL (Blackburn et al.
2015). For this reason, studies have assessed the effects of
alcohol consumption on TL. A recent meta-analysis reported
that results on alcohol consumption and TL are unclear (Li
et al. 2018). First, Pavanello et al. (2011) reported that TL in
alcohol abusers was nearly half that of social drinkers and that
TL was negatively associated with number of drinks per day.
On the other hand, in a gastric cancer case-control study, longer
TL was reported in ever drinkers compared to never drinkers,
for both the cancer and control groups (Liu et al. 2009). Last,
no significant association between alcohol consumption and
TL in healthy volunteers was observed by Latifovic et al.
(2016).

To help clarify the connection between alcohol consumption
and TL, the present study aims to address the association of TL
with alcohol use disorder (AUD) and alcohol drinking behav-
iors (doses consumed, dependence scores, and years of expo-
sure) as a function of age and early life stress exposures. We
hypothesized that (1) age and AUD would be negatively and
independently associated with TL; (2) drinking behavior (i.e.,
lifetime and recent drinking quantities, alcohol dependence
score) would be negatively associated with TL; and (3) child-
hood trauma would be an independent predictor of short TL.

Methods
Participants

Two hundred and sixty (n = 260) participants with AUD (cur-
rent DSM IV or five diagnoses as per Structured Clinical
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Interview for DSM IV (SCID) (American Psychiatric
Association 2000) and 449 non-dependent healthy controls
(HC) were pooled from an existing National Institute on
Alcohol Abuse database. Table 1 summarizes demographics
and clinical characteristics. Participants provided written in-
formed consent to participate in the study, which was ap-
proved by the Institutional Review Board at the National
Institutes of Health. Participants were tested between
July 2010 and August 2017.

Clinical assessment and behavioral measures

Clinical characteristics of AUD and HC participants were
assessed through a standardized clinical interview (SCID IV)
(American Psychiatric Association 2000), which also includ-
ed self-reported ethnicity, height, weight, body mass index
(BMI: weight (kg)/height® (m?)), smoking status, and past
and present clinical history.

AUD diagnosis was based on SCID interview for DSM-IV
and DSM-5. DSM criteria for AUD include questions related
to compulsion, relapse, and withdrawal. Additionally, partici-
pants also completed the alcohol use disorders identification
test (AUDIT) (Saunders et al. 1993) that assesses alcohol con-
sumption, drinking behaviors, and alcohol-related problems,
and the Alcohol Dependence Scale (ADS) (Skinner and Allen
1982) that assesses severity of dependence based on psycho-
logical and physical symptoms of dependence. To quantify the
amount of alcohol consumed, participants also completed the
Timeline Followback (TLFB) to assess daily alcohol con-
sumption in the 90 days prior to the study (Sobell and Sobell
1996) and the Lifetime Drinking History (LDH) to assess
lifetime alcohol consumption (i.e., total LDH in grams, and
heavy drinking years: 5 or more drinks/day on at least 5 dif-
ferent days per month) (Skinner and Sheu 1982). The
Fagerstrom test was used as a measure of nicotine dependence
(Heatherton et al. 1991).

Early life stress was assessed using the total score of child-
hood trauma questionnaire (CTQ) (Bernstein et al. 1994),
which includes assessment of sexual, physical, and emotional
abuse as well as physical and emotional neglect during early
life and the early life stress questionnaire (ELS) (Sanders and
Becker-Lausen 1995), which includes assessment of traumatic
events during childhood, such as bullying and social rejection,
life threatening illness, family conflict, and sexual abuse. The
life event questionnaire (LEQ) was also applied to assess the
negative and positive events that occurred in the past year, in
the adult’s life (Norbeck 1984).

Participants completed the Barrett Impulsiveness scale
(BIS) (Patton et al 1995) and the Urgency, Premeditation (lack
of), Perseverance (lack of), Sensation Seeking, Positive
Urgency (UPPS-P) impulsive behavior scale (Whiteside and
Lynam 2001) to measure impulsiveness, the Buss Perry
Aggression questionnaire to measure aggression (Buss and
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Table 1 Demographic and clinical characteristics of alcohol use disorder (AUD) and healthy control groups

Characteristics AUD (n=260) Healthy controls (n = 449) Statistics p value
Age, years 44.06+ 73, n=260 33.32+°56 n=449 t=11.52 df=707 p<001
BMI 27.82+34, n=258 259+ 21, n=446 t=4.98 df=702 p <001
Years of education 13.36 +20, n=254 15.78 +°15, n=445 t=9.59 df=697 p <001
1Q score 81.38+2.38, n=260 105,54+ 1,59, n=449 t=8.70 df=707 p <001
Gender F:n=73,M: n=187 F: n=201, M: n=248 X*=19.34 p<001
Smoking status C:n=137;N:n=120 C:n=39; N: n=408 x>=172.98 p<001
Drinks per week 57.08 £2.90, n =249 7.83+°58, n=447 t=21.36 df =694 p <001
Heavy drinking years 149+79, n=232 1.51+23, n=401 t=19.77 df =631 p <001
Total lifetime drink (g) 811,344 +£55,218, n =232 84,019+9423, n=401 t=16.62 df =631 p<001
AUDIT score 21.82+51, n=243 5.31+22,n=440 t=33.49 df =681 p<001
CTQ score 41.74+1.03, n=255 34.18 54, n=441 t=7.07 df =694 p<001
ELS score 3.07+°175, n=256 1.78 10, n =443 1=6.62 df=697 p<001
Negative events 2343+2.35,n=120 9.315+81,n=197 t=6.68 df=315 p<001
Positive events 203+1.88, n=120 26+1.13,n=197 t="27df=315 p>05

BMI body mass index; gender = (F) female and (M) male; smoking status = (C) current smoker and (N) non-smoker; CTQ score = Childhood trauma

questionnaire; ELS score = early life events

Perry 1992), and the Brief Scale for Anxiety (BSA) and
Montgomery-Asberg Depression Rating Scale (MADRS),
both of which were calculated from the Comprehensive
Psychopathology Rating Scale (CPRS) (Asberg et al. 1978)
to measure anxiety and depression scores at baseline, respec-
tively. The Wechsler Abbreviated Scale of Intelligence (WASI-
1) subtests Matrix Reasoning and Vocabulary were used as a
proxy for estimated general intelligence (Wechsler 1999).

Since ethnicity is an important variable when differences in
TL are investigated due the cumulative burden of differential
exposure to oxidative stress over the life course, we chose to
use a panel of 2500 ancestry-informative markers and individ-
ual comparison to the 51 worldwide populations represented in
the Human Genome Diversity Cell Line Panel of the Human
Genome Diversity Project (HGDP) and Centre d’Etude du
Polymorphisme Humain (CEPH), which includes 1051 indi-
viduals (http://www.cephb.fr/HGDP-CEPH-Panel), to
characterize the ethnic origin of participants. Genotyping was
performed using the Illumina human OmniExpressExome
array (Illumina, San Diego, CA, USA) and compared to data
from the Human HapMap 550 K array for the CEPH diversity
panel. African and European Ancestry scores were calculated
using Structure, version 2.2 (http://pritch.bsd.uchicago.edu/
structure.html).

Telomere length assessment

Participants provided a whole blood sample for genomic test-
ing. TL was assessed using monochrome multiplex quantita-
tive PCR method, as described by Cawthon (2009). Firstly,
genomic DNA was extracted from peripheral blood using
QIAmp DNA blood kit (Qiagen, EUA) in accordance with

the manufacturer’s instructions, and DNA concentration set
to 50 ng/pL. The standard curve was composed based on 6-
points serial dilution, ranged from 800 to 25 ng. Reference
DNA from a single person was used to establish a standard
curve. Two standard curves, one for telomere and other for
albumin gene, were estimated for each plate analyzed. To
amplify telomere sequence, we used 7el-g 5" ACACTAAG
GTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT 3’ and
Tel-c S'TGTTAGGTATCCCTATCCCTATCCCTATCCCT
ATCCCTAACAS3' primers. Albumin was used as single gene:
Alb-u 5'CGGCGGCGGGCGGCGCGGGCTGGGCG
GAAATGCTGCACAGAATCCTTG3' and Alb-d 5'
GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAA
GCATGGTCGCCTGTTS3'. The efficiency reaction and spec-
ificity of the primer pairs as well as the absence of primer-
dimers were examined prior to the experiment. PCR reaction
was performed with a 384-well plate with 2 uL. of DNA
(100 ng/uL). One master mix was prepared containing: (1);
5 uL of SYBR® Select Master Mix (Life Technologies,
USA); (2)8 uL (900 nM) of Tel-g primer; (3)'53 uL
(600 NM) of Tel-c primer; (4)8 uL (900 nM) of Alb-d primer;
(5) 8 uL (900 M) of Alb-u primer; and (6) 07 uL of water.
The final reaction volume was kept at 10 uL. Reactions were
pipetted in triplicate for the standard curves and in duplicate
for the other samples. In all reactions, a negative control with-
out cDNA template (NTC) was tested.

PCR amplification was performed in three stages: (1)
15 min at 95 °C; (2) 2 cycles of 15 s at 94 °C, 15 s at 49 °C;
and (3) 35 cycles of 15 s at94 °C, 10 s at 68 °C, 19 s at 74 °C,
10 s at 85 °C and 19 s at 88 °C with signal acquisition at 74 °C
and 88 °C. The 74 °C reads provided the Ct values for the
amplification of the telomere template, and the 88 °C reads
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provided the Ct values for the amplification of the albumin
template. All reactions were performed with the ViiA™7
Real-Time PCR System (Life Technologies, USA). After ther-
mal cycling and raw data collection, the standard curve was
used to calculate the number of nanograms of standard DNA
that matched the experimental sample for copy number of the
telomere template (T) and for albumin (S). The ratio of (T/S) is
proportional to the average TL.

Statistical analysis

A linear regression model was used to predict TL, with age
and AUD as predictors. Table 2 provides zero-order Pearson’s
correlations between all variables, to explore for potential con-
founding variables. Since AUD was associated with age, gen-
der, BMI, years of education, Fagerstrom score, and African
ancestry, these variables were added as covariates in the mod-
el. Additionally, we also included the interaction of AUD and
age in the regression model to assess the contribution of the
interaction of both variables on TL. Supplementary Tables 1
and 2 provide zero-order Pearson’s correlations between all
variables for each group separately, including age, gender,
BMI, Fagerstrom score, stress, ethnicity, and years of educa-
tion to identify potential covariates. Additionally, to explore
the variables related to stress exposures and TL, supplemen-
tary Table 3 provides a linear regression model with CTQ and
ELS added as covariates in the model.

We used propensity score statistics to match AUD and HC
groups for age, gender, BMI, years of education, Fagerstrom
score, and African ancestry. The linear regression model for
these matched samples was used to predict TL, with age and
AUD as predictors (Supplementary Table 4).

To explore associations between drinking behavior and TL,
we performed partial correlations for each group separately,
for the following dependent variables: heavy drinking days
and drinks per week (TLFB), heavy drinking years, and total
lifetime drinking in grams (LDH), AUDIT, and ADS score.
Additionally, we developed a score (drinking history), using
structural equation modeling, to assess the “dose-response”
association between ethanol consumption and TL, for AUD
and HC separately, using the following variables: heavy drink-
ing days, average drinks per day, drinks per week, heavy
drinking years, total lifetime drinking history (LDH), and
AUDIT. To explore the association between lifetime stress
and TL, we performed partial correlations within each group
separately with CTQ total score, ELS and negative events
score (LEQ) as dependent variables. Additionally, a one-way
ANOVA was performed to evaluate differences in TL for HC
and AUD participants that experienced childhood abuse and/
or neglect versus those who did not (Levandowski et al.
2016). The ELSE group consisted of participants who report-
ed having been exposed to at least one moderate-to-severe
type of child abuse or neglect according to the CTQ manual.
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Exploratory partial correlations were performed for the fol-
lowing behavioral dependent variables: BIS (attention, motor,
self-control, cognitive complexity, perseverance, cognitive in-
stability, attentional impulsiveness, motor impulsiveness, and
non-planning impulsiveness), Buss Perry aggression (physical
aggression, verbal aggression, anger, and hostility measures),
UPPS (urgency, premeditation, perseverance, sensation of
seeking, and positive urgency), anxiety and depression base-
line and 1Q; correcting for age and years of education. To
separate AUD effects, we also performed partial correlations
with those variables within each group separately, also
corrected for age and years of education.

Results

AUD and age predict TL

Table 1 summarizes the demographic and clinical characteris-
tics of the samples. The AUD group was older (44 vs 33 years,
p <-001), had higher BMI (27.8 vs 25.9 kg/m?, p <001) and
fewer years of education (13.3 vs 15.7 years, p <°001), lower
IQ (81.38 vs 105.5 1Q score, p <001), compared to HC. As
expected, the AUD group reported higher numbers of drinks
per week (57.08 vs 7.09 drinks, p <001), heavy drink years
(14.9 vs 1.5 years, p<001), and total life time drinking
(811,344 vs 84,019 g, p<001), compared with HC.
Additionally, the AUD group had higher scores for AUDIT
(21.32 vs 5.31, p<001), higher CTQ total scores (41.74 vs
34.18, p<001), higher early life stress on the ELS question-
naire (3.07 vs 1.08, p <"001), and experienced more negative
events on the LEQ (23.43 vs 9.31, p<001) than HC.

The zero-order correlations showed that AUD diagnosis
(r=—21, p<001) and age (r=—23, p < 001) correlated neg-
atively with TL in both groups pooled together (Table 2).
Moreover, the linear regression models showed that after
correcting for age, gender, BMI, years of education, smoking
status and African ancestry, both AUD (6=—.424, p <0001,
Fig. 1a) and age (3= —.277, p< 0001, Fig. 1b) predicted TL
(Table 3), providing evidence for both AUD and age as inde-
pendent predictors of TL. We also observe that the interaction
between AUD and age had a significant effect on TL (3 =
—.322, p =.002). When the stress questionnaires (CTQ and
ELS) were added as a covariate to the regression model
(Supplementary Table 3), both AUD (3 =—.420, p <.005),
age (p =—.255, p<.005), and the interaction between AUD
and age ( =—.342, p<.005) remained as independent pre-
dictors of TL. Neither CTQ (6 =.052, p>.005) nor ELS (3=
—.039, p>.005) were significant predictors of TL.

When AUD (n =127) and HC (n =127) groups were
matched on age (39.91 £11.96 vs 39.72 +12.20 years), gen-
der (93 males and 34 females vs 73 males and 54 females),
BMI (27.68 +4.81 vs 27.37 4.7 kg/m?), years of education
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r=-0.23, p<0.001
Corrected for BMI, gender, education and AUD

3250
Fig. 1 a Comparison of telomere a
length of healthy controls (HC) 2.5+
and alcohol use disorder (AUD)
groups. Horizontal lines indicate
mean values. Mean and SE £ 2.04
values: HC (1.141 £°009, n= O —_
449) and AUD (1.056 =008, n= GC, o
260). b Correlation between telo- - = 1.5-
mere length and age for AUD and ) E
HC groups, corrected for age, E 7))
gender, BMI, years of education, E ; 1.0+
and AUD o~
)
- 0.54
0.0
b
2.54
£ 2.0
g
o
3 = 1.54
5 0
= 1.0+
§E
<
~ 0.5
0.0
0

(14.23£2.36 vs 15.54 £2.36 years), Fagerstrom score (0.67
+1.6 vs 0.57+1.54 score) and African ancestry, both AUD
(B=—.716, p<.005), age (3 =— .388, p<.005) and the in-
teraction between AUD and age (6 =—.594, p <.005)
remained independent predictors of TL. No significant results
were found for stress (CTQ (8=.060 and ELS 5=—.009,
p>.005) (Supplementary Table 4)).

Association between drinking behavior and TL

Partial correlations between drinking behavior (heavy drink-
ing days, drinks per weeks, heavy drinking years, LDH,
AUDIT, ADS) and TL did not show significant associations,
neither in AUD or HC (all p > 05), corrected for age, gender,
BMI, and years of education. The linear regression model
showed a significant effect of drinking history on TL for HC
(6=.137, p=0.034), but not for AUD (3=.008, p=0.922)
(Supplementary Table 5). However, after excluding n =195
individuals to match groups regarding age, gender, BMI, years
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of education, Fagerstrom score, and African ancestry, the ef-
fect of drinking history in HC (n = 127) did not remain signif-
icant (3=.173, p=0.213).

Association between lifetime stress, trauma, and TL

Partial correlations between childhood lifetime stress (CTQ
total score and ELS questionnaire), negative events in adult
lifetime (LEQ), and TL did not show significant associations,
neither in AUD or HC, corrected for age, gender, BMI, and
years of education. Moreover, a two-way ANOVA revealed
that early life stress experience (ELSE) assessed by CTQ total
score did not significantly influence TL in HC (¥ (1,
316)="35, p=0.5), and there were no differences (p >0.5)
in TL between HC without ELSE (n =222) versus HC +
ELSE (n=10) (Fig. 2). Similarly, there was no difference in
TL between AUD without ELSE (n=68) versus AUD +
ELSE (n =24) (Fig. 2).
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Table 3  Summary of regression analyses for telomere length (TL) and 2.59 *
covariates predicting TL in both the AUD and control group combined *
(n=709). Significance levels in italics: ~ p <001 < 2.0 °

o Qe

Telomere length q:, °

= 1.57
Variable B SE B I6] o o

[TH7))
AUD - 167 052 ~ o E 107 00

. . . e o . M
Age —.004 .001 =277 ©
o - 0.5+
AUD vs age .003 .001 322
Sex 015 014 .038 0.0
BMI 001 001 029 . ' < 0' QI,
Education years .000 .002 - .005 QS’ & v\) (,,Vq,
Fagerstrom score .002 .004 .020 ox ox
Aftican ancestry - 011 020 - .024 > ?‘0
2

R '08; _ Fig. 2 Comparison of telomere length among HC and AUD participants
F 7.514°

Association between behavioral measures and TL

In AUD participants only, TL was associated with two first-
order factors of the BIS scales cognitive instability (= 0.210,
p<0.001) and motor impulsiveness (»=0.135, p <0.05)
(Supplementary Fig. 1A and 1B); corrected for age, gender,
BMI, and years of education. It also correlated with negative
urgency (r=0.147, p <0.001), a subscale of UPPS that mea-
sures dimensions of impulse behavior (Supplementary
Fig. 1C). There were no significant correlations between TL
and other behavioral measures.

Discussion

In the present study, we found shorter TL in AUD participants
compared to HC. Furthermore, we found evidence for both
age and AUD as independent predictors of TL. However, we
found no evidence of an association between chronicity of
alcohol use and alcohol doses ingested on TL, since neither
drinking behavior nor ADS scores were associated with TL in
either group. Moreover, different from previous studies on
childhood lifetime stress (Hanssen et al. 2017; Coimbra
et al. 2017; Li et al. 2017), we did not find evidence for an
effect of early life stress on TL neither for AUD nor HC. The
reason(s) for this discrepancy is unclear but might reflect the
confounds on the assessment and characterization of stress
exposures in an individual’s life. The frequency of stress
events and their impact on an individual are influenced by
age and when they occur in a person’s life, by gender, ethnic-
ity, education and socioeconomic status (Farah 2017). Thus,
the differential contribution and representation in the partici-
pants investigated could influence the ability to detect an as-
sociation between stress and TL. In AUD we also found a

that experienced early life stress (ELSE) or not. Mean and SE values: HC
(1.115+°001, n=222), HC + ELSE (1.133 +004, n=10), AUD (1.031
+°01, n=66), AUD + ELSE (1.026 +°02, n=23)

positive correlation between TL and dimensions of impulsive
behaviors: cognitive instability, motor impulsiveness, and
negative urgency.

Previous studies have reported negative effects of sub-
stance use on TL, including alcohol, heroin and cocaine
(Cheng et al. 2013; Yang et al. 2013; Levandowski et al.
2016). In this context, our findings are consistent with studies
that reported shorter telomeres in alcohol abusers relative to
healthy controls (Aida et al. 2011; Pavanello et al. 2011;
Strandberg et al. 2012; Yamaki et al. 2019). However, despite
a wealth of evidence on environmental factors influencing
cellular aging, the exact mechanism by which drugs of abuse
affect TL is not clear. For alcohol, the strongest hypothesis is
that it is driven by oxidative stress (Wu and Cederbaum 2003).
The high guanine content of telomeres makes them more sus-
ceptible to reactive oxygen species (ROS), which induce mu-
tations, as well as DNA single-strand breaks (Barzilai and
Yamamoto 2004; Reichert and Stier 2017). In this way, the
incomplete replication problem plus the accumulation of
DNA damage may lead to a loss of DNA sequence and accel-
erate telomere shortening (Barzilai and Yamamoto 2004).
Additionally, alcohol consumption can increase the generation
of ROS and interfere with DNA’s defense mechanism against
ROS (Wu and Cederbaum 2003). Recently, Harpaz et al.
(2018) reported a reduction in TL shortening in human cells
after inhibition of acetaldehyde metabolism, claiming that
acetaldehyde, the primary metabolite of alcohol after its
oxidation by alcohol dehydrogenase, rather than alcohol
itself, is responsible for TL shortening (Harpaz et al.
2018). In the present study, we were unable to investigate
mechanisms that could underlie telomere shortening in
AUD participants, including alcohol-induced oxidative
stress, telomerase availability (Cheng et al. 2013; Reichert
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and Stier 2017), and/or neuroinflammatory processes
(Olivieri et al. 2015; Kim et al. 2018).

Despite our finding of AUD as an independent predictor of
TL, we found no statistical evidence for the effects of alcohol
drinking behavior on TL. A recent meta-analysis on alcohol
consumption and TL confirmed that four case-control studies
reported significant TL associations with alcohol consump-
tion, whereas only 4 out of 20 cross-sectional studies reported
correlations between TL and alcohol consumption (Li et al.
2018). The case-control study of Pavanello et al. (2011) found
that alcohol abusers drinking > 4 alcoholic drinks per day had
shorter TL than those drinking 4 drinks per day, and
Strandberg et al. (2012) found that alcohol consumption of
> 1 drink/day was associated with shorter TL, which we were
not able to replicate in our sample. In contrast, other studies
found associations between alcohol consumption and TL, but
did not assess alcohol consumption in detail (e.g., only clas-
sified ever drinkers versus never drinkers) (Liu et al. 2009,
2011; Aida et al. 2011). Moreover, while cocaine abuse
(DSM-1V) was associated with TL in Levandowski et al.
(2016) study, there were no associations between TL and
age of onset of drug abuse in the cocaine abusers. Overall,
comparisons between these studies on drug consumption
and TL remain challenging, because studies use a wide variety
of drinking cut-offs and categorizations, for example, non-
drinkers, social-drinkers, and ever-drinkers (Li et al. 2018),
and alcohol consumption in humans remains difficult to mea-
sure since it is highly dependent on self-reports. To the best of
our knowledge, our NIAAA database is the largest clinically
diagnosed AUD sample to evaluate an association with TL
reported thus far, and participants underwent a detailed phe-
notypic characterization of alcohol drinking behavior, includ-
ing lifetime quantity and frequency (LDH), recent drinking
quantity and frequency (TLFB), problematic drinking
(AUDIT), and severity of alcohol dependence (ADS).
Therefore, the lack of an association between alcohol drinking
behavior and TL may suggest that is not the amount of alcohol
drinking per se that drives cellular aging and telomere short-
ening. Specifically, we hypothesize that the failure to see an
association could reflect the large variability in the rate of
alcohol metabolism and its bioavailability between subjects.
Multiple factors influence the rate of ethanol metabolism and
its bioavailability including BMI, body composition (fat rela-
tive to muscle content), genetic variations of alcohol metabo-
lizing enzymes, gender, age and ethnicity. Indeed, Pavanello
et al. (2011), showed that carriers of the common ADH1B*1/
*1 (rs1229984) genotype were more likely to be alcohol
abusers, while exhibiting shorter TL. Moreover, Shin and
Baik (2016), reported a shorter leukocyte TL only among
carriers of the mutant alleles (rs2074356 CT and TT) of
ALDH?2. However, further studies are necessary to investigate
how genetics interact with alcohol consumption along with
age, gender, and ethnicity on TL shortening.

@ Springer

In our study we also explored other factors that have been
associated with TL. It is known that alcohol abuse is associ-
ated with childhood trauma and lifetime stress experience that
also can affect TL (Kang et al. 2017). In our sample, AUD
participants had higher scores for childhood stressful events
and reported higher negative events in adult lifetime than HC.
However, neither childhood nor adult stressful event
exposures were associated with TL within the AUD group
nor the HC group. This lack of an association is consistent
with findings from Kiiffer et al. (2016) and Glass et al. (2010),
who also failed to replicate telomere shortening findings in
posttraumatic stress disorder and in childhood maltreatment,
respectively. Explanations include possible resilience, a lack
of persistence of the effects of child trauma into late life, as
well as differences in the questionnaires to assess trauma and
in the methodology to assess TL (Glass et al. 2010; Kiiffer
et al. 2016). However, the negative results could also reflect
lack of power since our HC sample having exposure to stress
events was very small; only 10 participants out of 222, that
completed the questionnaire, reported early life stress experi-
ences (score for emotional, sexual, and physical abuse and
neglect in CTQ questionnaire, did not reach the cut-off
established in Bernstein et al. (1994)). For our AUD sample,
the effects of childhood lifetime stress experience may have
not been strong enough in relation to the effects of AUD to
telomere shortening. Regarding the HC sample, additionally,
we need to consider other confounding genetics (Savage and
Bertuch 2010; Wei et al. 2015) and environmental (Latifovic
et al. 2016) factors as well as BMI (Gielen et al. 2018), which
have been associated with TL in previous research. In our
sample, AUD participant had higher BMI than HC, and al-
though we covaried for BMI, we cannot rule out a possible
interaction between higher BMI and alcohol exposures with
TL. However, this is unlikely since BMI was not an indepen-
dent predictor of TL in our regression analysis in HC or AUD
participants. Similarly, while exposure to tobacco has been
associated with TL (Marcon et al. 2017) in our sample,
Fagerstrom score was associated with AUD, but with TL only
atatrend level (p <0.1). Because we do not have data for past
exposure to tobacco, we cannot rule out the possibility that the
combination of heavy drinking and past smoke exposure
might have contributed to shorter telomeres in AUD.

We also explored the association between cognition and
TL. Studies have tried to address the role of TL in cognitive
impairment; however, despite TL and cognitive ability being
correlated in age-adjusted models, this correlation did not sur-
vive when other covariates were adjusted, such as socio-
economic status and education (Hégg et al. 2017; Zhan et al.
2018). Similarly, in our study, IQ was strongly correlated with
education and age and when correcting for these variables no
significant association between 1Q and TL was observed. An
association between impulsivity and TL was also reported by
Kang et al. (2017), who reported that higher delay
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discounting, an impulsivity trait characterized by impatience
to delays and risk-based decision-making, was associated with
shorter leukocyte TL in patients with alcohol dependence and
with high levels of childhood maltreatment. Another study
performed by Yim et al. (2016) also showed an association
between shorter TL and steeper delay discount in a sample of
1158 Han Chinese undergraduates. In our study, despite the
use of different measures for impulsive behavior, we also ob-
served an association between TL and motor impulsiveness,
urgency, and cognitive instability, which are also core
endophenotypes of impulsiveness.

A limitation in our study is that the cross-sectional design
allowed us to evaluate the TL in only one point of time; thus,
the results can only be interpreted as correlational and further
work is required to establish causality between alcohol abuse
and shorter telomeres and to assess whether TL could be used
as a biomarker for drinking.

In summary, the present results show that both AUD and
age independently predict shorter TL, but the interaction of
age and AUD is also associated with TL. Their independence
and interaction modulating TL in AUD are consistent with
alcohol acceleration of cellular aging.

Acknowledgements The authors acknowledge the Division of
Intramural Clinical and Biological Research, NIAAA, including the
1SE Inpatient Behavioral Health Unit and the 1SE Outpatient Clinic
and also thank the participants in the study.

Authors’ contribution All authors discussed the results and contributed to
the final manuscript.

Funding The work was supported by the National Institutes of Health
Intramural Research Program and grant number Y 1AA-3009 to NDV.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

AidaJ, Yokoyama A, Izumiyama N, Nakamura KI, Ishikawa N, Poon SS,
Fujiwara M, Sawabe M, Matsuura M, Arai T, Takubo K (2011)
Alcoholics show reduced telomere length in the oesophagus. J
Pathol 223:410-416. https://doi.org/10.1002/path.2817

American Psychiatric Association (2000) Diagnostic and statistical man-
ual of mental disorders: DSM-IV-TR. 4 ed

Asberg M, Montgomery SA, Perris C et al (1978) A comprehensive
psychopathological rating scale. Acta Psychiatr Scand Suppl 57:5—
27

Barzilai A, Yamamoto K-I (2004) DNA damage responses to oxidative
stress. DNA Repair (Amst) 3:1109-1115. https://doi.org/10.1016/j.
dnarep.2004.03.002

Bernstein DP, Fink L, Handelsman L et al (1994) Initial reliability and
validity of a new retrospective measure of child abuse and neglect.
Am J Psychiatry 151:1132—-1136. https://doi.org/10.1176/ajp.151.8.
1132

Blackburn EH, Epel ES, Lin J (2015) Human telomere biology: a con-
tributory and interactive factor in aging, disease risks, and protec-
tion. Science (80- ) 350:1193—1198. https://doi.org/10.1126/science.
aab3389

Buss AH, Perry M (1992) The aggression questionnaire. J Pers Soc
Psychol 63:452-459

Cawthon RM (2009) Telomere length measurement by a novel mono-
chrome multiplex quantitative PCR method. Nucleic Acids Res 37:
e21. https://doi.org/10.1093/nar/gkn1027

Cheng GLF, Zeng H, Leung M-K, Zhang HJ, Lau BWM, Liu YP, Liu
GX, Sham PC, Chan CCH, So KF, Lee TMC (2013) Heroin abuse
accelerates biological aging: a novel insight from telomerase and
brain imaging interaction. Transl Psychiatry 3:€260. https://doi.org/
10.1038/tp.2013.36

Coimbra BM, Carvalho CM, Moretti PN, Mello MF, Belangero SI (2017)
Stress-related telomere length in children: a systematic review. J
Psychiatr Res 92:47-54. https://doi.org/10.1016/j.jpsychires.2017.
03.023

Darrow SM, Verhoeven JE, Révész D, Lindqvist D, Penninx BWJH,
Delucchi KL, Wolkowitz OM, Mathews CA (2016) The association
between psychiatric disorders and telomere length: a meta-analysis
involving 14,827 persons. Psychosom Med 78:776-787. https://doi.
org/10.1097/PSY.0000000000000356

Farah MJ (2017) The neuroscience of socioeconomic status: correlates,
causes, and consequences. Neuron 96:56—71. https://doi.org/10.
1016/j.neuron.2017.08.034

Gielen M, Hageman GJ, Antoniou EE, Nordfjall K, Mangino M,
Balasubramanyam M, de Meyer T, Hendricks AE, Giltay EJ, Hunt
SC, Nettleton JA, Salpea KD, Diaz VA, Farzaneh-Far R, Atzmon G,
Harris SE, Hou L, Gilley D, Hovatta I, Kark JD, Nassar H, Kurz DJ,
Mather KA, Willeit P, Zheng YL, Pavanello S, Demerath EW, Rode
L, Bunout D, Steptoe A, Boardman L, Marti A, Needham B, Zheng
W, Ramsey-Goldman R, Pellatt AJ, Kaprio J, Hofmann JN, Gieger
C, Paolisso G, Hjelmborg JBH, Mirabello L, Seeman T, Wong J, van
der Harst P, Broer L, Kronenberg F, Kollerits B, Strandberg T,
Eisenberg DTA, Duggan C, Verhoeven JE, Schaakxs R, Zannolli
R, dos Reis RMR, Charchar FJ, Tomaszewski M, Mons U, Demuth
I, Iglesias Molli AE, Cheng G, Krasnienkov D, D'Antono B,
Kasielski M, McDonnell BJ, Ebstein RP, Sundquist K, Pare G,
Chong M, Zeegers MP, TELOMAAS group (2018) Body mass
index is negatively associated with telomere length: a collaborative
cross-sectional meta-analysis of 87 observational studies. Am J Clin
Nutr 108:453-475. https://doi.org/10.1093/ajen/nqy 107

Glass D, Parts L, Knowles D, Aviv A, Spector TD (2010) No correlation
between childhood maltreatment and telomere length. Biol
Psychiatry 68:e21-e22; author reply e23-4. https://doi.org/10.
1016/j.biopsych.2010.02.026

Hégg S, Zhan Y, Karlsson R et al (2017) Short telomere length is associ-
ated with impaired cognitive performance in European ancestry co-
horts. C Martin-Ruiz 16:e1100. https://doi.org/10.1038/tp.2017.73

Hanssen LM, Schutte NS, Malouft JM, Epel ES (2017) The relationship
between childhood psychosocial stressor level and telomere length:
a meta-analysis. Heal Psychol Res 5:6378. https://doi.org/10.4081/
hpr.2017.6378

Harpaz T, Abumock H, Beery E et al (2018) The effect of ethanol on
telomere dynamics and regulation in human cells. Cells 7:169.
https://doi.org/10.3390/cells7100169

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991) The
Fagerstrom test for nicotine dependence: a revision of the
Fagerstrom tolerance questionnaire. Br J Addict 86:1119-1127

Jarveld-Reijonen E, Karhunen L, Sairanen E, Rantala S, Laitinen J,
Puttonen S, Peuhkuri K, Hallikainen M, Juvonen K, Myllymaki T,
Fohr T, Pihlajamaki J, Korpela R, Ermes M, Lappalainen R,
Kolehmainen M (2016) High perceived stress is associated with
unfavorable eating behavior in overweight and obese Finns of

@ Springer


https://doi.org/10.1002/path.2817
https://doi.org/10.1016/j.dnarep.2004.03.002
https://doi.org/10.1016/j.dnarep.2004.03.002
https://doi.org/10.1176/ajp.151.8.1132
https://doi.org/10.1176/ajp.151.8.1132
https://doi.org/10.1126/science.aab3389
https://doi.org/10.1126/science.aab3389
https://doi.org/10.1093/nar/gkn1027
https://doi.org/10.1038/tp.2013.36
https://doi.org/10.1038/tp.2013.36
https://doi.org/10.1016/j.jpsychires.2017.03.023
https://doi.org/10.1016/j.jpsychires.2017.03.023
https://doi.org/10.1097/PSY.0000000000000356
https://doi.org/10.1097/PSY.0000000000000356
https://doi.org/10.1016/j.neuron.2017.08.034
https://doi.org/10.1016/j.neuron.2017.08.034
https://doi.org/10.1093/ajcn/nqy107
https://doi.org/10.1016/j.biopsych.2010.02.026
https://doi.org/10.1016/j.biopsych.2010.02.026
https://doi.org/10.1038/tp.2017.73
https://doi.org/10.4081/hpr.2017.6378
https://doi.org/10.4081/hpr.2017.6378
https://doi.org/10.3390/cells7100169

3254

Psychopharmacology (2019) 236:3245-3255

working age. Appetite 103:249-258. https://doi.org/10.1016/j.
appet.2016.04.023

Kang JI, Hwang SS, Choi JR, Lee ST, Kim J, Hwang IS, Kim HW, Kim
CH, Kim SJ (2017) Telomere length in alcohol dependence: a role
for impulsive choice and childhood maltreatment.
Psychoneuroendocrinology 83:72-78. https://doi.org/10.1016/j.
psyneuen.2017.05.024

Kim SW, Wiers CE, Tyler R, Shokri-Kojori E, Jang YJ, Zehra A,
Freeman C, Ramirez V, Lindgren E, Miller G, Cabrera EA,
Stodden T, Guo M, Demiral $B, Diazgranados N, Park L, Liow
JS, Pike V, Morse C, Vendruscolo LF, Innis RB, Koob GF, Tomasi
D, Wang GJ, Volkow ND (2018) Influence of alcoholism and cho-
lesterol on TSPO binding in brain: PET [11C]PBR28 studies in
humans and rodents. Neuropsychopharmacology 43:1832-1839.
https://doi.org/10.1038/s41386-018-0085-x

Kiiffer AL, O’Donovan A, Burri A, Maercker A (2016) Posttraumatic
stress disorder, adverse childhood events, and buccal cell telomere
length in elderly Swiss former indentured child laborers. Front
Psychiatry 7:147. https://doi.org/10.3389/fpsyt.2016.00147

Latifovic L, Peacock SD, Massey TE, King WD (2016) The influence of
alcohol consumption, cigarette smoking, and physical activity on
leukocyte telomere length. Cancer Epidemiol Biomark Prev 25:
374-380. https://doi.org/10.1158/1055-9965.EPI-14-1364

Levandowski ML, Tractenberg SG, de Azeredo LA, de Nardi T, Rovaris
DL, Bau CHD, Rizzo LB, Maurya PK, Brietzke E, Tyrka AR,
Grassi-Oliveira R (2016) Crack cocaine addiction, early life stress
and accelerated cellular aging among women. Prog Neuro-
Psychopharmacol Biol Psychiatry 71:83—89. https://doi.org/10.
1016/j.pnpbp.2016.06.009

LiZ, He Y, Wang D, Tang J, Chen X (2017) Association between child-
hood trauma and accelerated telomere erosion in adulthood: a meta-
analytic study. J Psychiatr Res 93:64-71. https://doi.org/10.1016/].
jpsychires.2017.06.002

Li J, Guan Y, Akhtar F et al (2018) The Association between Alcohol
Consumption and Telomere Length: A Meta-Analysis Focusing on
Observational Studies. bioR xiv:374280. https://doi.org/10.1101/
374280

Liu X, Bao G, Huo T, Wang Z, He X, Dong G (2009) Constitutive
telomere length and gastric cancer risk: case-control analysis in
Chinese Han population. Cancer Sci 100:1300—1305. https://doi.
org/10.1111/1.1349-7006.2009.01169.x

LiuJ, Yang Y, Zhang H, Zhao S, Liu H, Ge N, Yang H, Xing JL, Chen Z
(2011) Longer leukocyte telomere length predicts increased risk of
hepatitis B virus-related hepatocellular carcinoma: a case-control
analysis. Cancer 117:4247-4256. https://doi.org/10.1002/cncr.
26015

Marcon F, Siniscalchi E, Andreoli C, Allione A, Fiorito G, Medda E,
Guarrera S, Matullo G, Crebelli R (2017) Telomerase activity, telo-
mere length and hTERT DNA methylation in peripheral blood
mononuclear cells from monozygotic twins with discordant
smoking habits. Environ Mol Mutagen 58:551-559. https://doi.
org/10.1002/em.22127

Norbeck JS (1984) Modification of life event questionnaires for use with
female respondents. Res Nurs Health 7:61-71

Olivieri F, Albertini MC, Orciani M, Ceka A, Cricca M, Procopio AD,
Bonafe M (2015) DNA damage response (DDR) and senescence:
shuttled inflamma-miRNAs on the stage of inflamm-aging.
Oncotarget 6:35509-35521. https://doi.org/10.18632/oncotarget.
5899

Olovnikov AM (1973) A theory of marginotomy. The incomplete copy-
ing of template margin in enzymic synthesis of polynucleotides and
biological significance of the phenomenon. J Theor Biol 41:181—
190

Pavanello S, Hoxha M, Dioni L, Bertazzi PA, Snenghi R, Nalesso A,
Ferrara SD, Montisci M, Baccarelli A (2011) Shortened telomeres

@ Springer

in individuals with abuse in alcohol consumption. Int J Cancer 129:
983-992. https://doi.org/10.1002/ijc.25999

Reichert S, Stier A (2017) Does oxidative stress shorten telomeres in vivo
? A review. Biol Lett 13:20170463. https://doi.org/10.1098/rsbl.
2017.0463

Ridout KK, Levandowski M, Ridout SJ, Gantz L, Goonan K, Palermo D,
Price LH, Tyrka AR (2018) Early life adversity and telomere length:
a meta-analysis. Mol Psychiatry 23:858-871. https://doi.org/10.
1038/mp.2017.26

Rom O, Reznick AZ (2015) The stress reaction: a historical perspective.
In: Advances in experimental medicine and biology, pp 1-4

Sanders B, Becker-Lausen E (1995) The measurement of psychological
maltreatment: early data on the child abuse and trauma scale. Child
Abuse Negl 19:315-323

Saunders JB, Aasland OG, Babor TF et al (1993) Development of the
alcohol use disorders identification test (AUDIT): WHO collabora-
tive project on early detection of persons with harmful alcohol con-
sumption—II. Addiction 88:791-804

Savage SA, Bertuch AA (2010) The genetics and clinical manifestations
of telomere biology disorders. Genet Med 12:753—764. https:/doi.
org/10.1097/GIM.0b013e3181f415b5

Shin C, Baik I (2016) Associations between alcohol consumption and
leukocyte telomere length modified by a common polymorphism
of ALDH2. Alcohol Clin Exp Res 40:765-771. https://doi.org/10.
1111/acer.13005

Skinner HA, Allen BA (1982) Alcohol dependence syndrome: measure-
ment and validation. J] Abnorm Psychol 91:199-209

Skinner HA, Sheu WJ (1982) Reliability of alcohol use indices. The
lifetime drinking history and the MAST. J Stud Alcohol 43:1157—
1170. https://doi.org/10.15288/jsa.1982.43.1157

Sobell LC, MB Sobell (1996) Timeline Followback: User’s guide - a
calendar method for assessing alcohol and drug use. Toronto
Addict Res Found

Strandberg TE, Strandberg AY, Saijonmaa O, Tilvis RS, Pitkdla KH,
Fyhrquist F (2012) Association between alcohol consumption in
healthy midlife and telomere length in older men. The Helsinki
businessmen study. Eur J Epidemiol 27:815-822. https://doi.org/
10.1007/s10654-012-9728-0

Verhoeven JE, Révész D, Epel ES, Lin J, Wolkowitz OM, Penninx
BWIH (2014) Major depressive disorder and accelerated cellular
aging: results from a large psychiatric cohort study. Mol
Psychiatry 19:895-901. https://doi.org/10.1038/mp.2013.151

Victorelli S, Passos JF (2017) Telomeres and cell senescence - size mat-
ters not. EBioMedicine 21:14-20. https://doi.org/10.1016/j.cbiom.
2017.03.027

Watson JD (1972) Origin of concatemeric T7 DNA. Nat New Biol 239:
197-201

Wechsler D (1999) Wechsler abbreviated scale of intelligence. Psychol
Corp San Antonio, TX

Wei R, DeVilbiss FT, Liu W (2015) Genetic polymorphism, telomere
biology and non-small lung Cancer risk. J Genet Genomics 42:
549-561. https://doi.org/10.1016/j.jgg.2015.08.005

Wellinger RJ (2014) In the end, What’s the problem? Mol Cell 53:855—
856. https://doi.org/10.1016/j.molcel.2014.03.008

Whiteside SP, Lynam DR (2001) The five factor model and impulsivity:
using a structural model of personality to understand impulsivity.
Pers Individ Dif 30:669-689. https://doi.org/10.1016/S0191-
8869(00)00064-7

World Health Organization (2018) Global status report on alcohol and
health 2018,. Licence: CC BY-NC-SA 3.0 IGO. Cataloguing-in-
publication. World Health Organization, Geneva

Wu D, Cederbaum Al (2003) Alcohol, oxidative stress, and free radical
damage. Alcohol Res Health 27:277-284

Yamaki N, Matsushita S, Hara S, Yokoyama A, Hishimoto A, Higuchi S
(2019) Telomere shortening in alcohol dependence: roles of alcohol


https://doi.org/10.1016/j.appet.2016.04.023
https://doi.org/10.1016/j.appet.2016.04.023
https://doi.org/10.1016/j.psyneuen.2017.05.024
https://doi.org/10.1016/j.psyneuen.2017.05.024
https://doi.org/10.1038/s41386-018-0085-x
https://doi.org/10.3389/fpsyt.2016.00147
https://doi.org/10.1158/1055-9965.EPI-14-1364
https://doi.org/10.1016/j.pnpbp.2016.06.009
https://doi.org/10.1016/j.pnpbp.2016.06.009
https://doi.org/10.1016/j.jpsychires.2017.06.002
https://doi.org/10.1016/j.jpsychires.2017.06.002
https://doi.org/10.1101/374280
https://doi.org/10.1101/374280
https://doi.org/10.1111/j.1349-7006.2009.01169.x
https://doi.org/10.1111/j.1349-7006.2009.01169.x
https://doi.org/10.1002/cncr.26015
https://doi.org/10.1002/cncr.26015
https://doi.org/10.1002/em.22127
https://doi.org/10.1002/em.22127
https://doi.org/10.18632/oncotarget.5899
https://doi.org/10.18632/oncotarget.5899
https://doi.org/10.1002/ijc.25999
https://doi.org/10.1098/rsbl.2017.0463
https://doi.org/10.1098/rsbl.2017.0463
https://doi.org/10.1038/mp.2017.26
https://doi.org/10.1038/mp.2017.26
https://doi.org/10.1097/GIM.0b013e3181f415b5
https://doi.org/10.1097/GIM.0b013e3181f415b5
https://doi.org/10.1111/acer.13005
https://doi.org/10.1111/acer.13005
https://doi.org/10.15288/jsa.1982.43.1157
https://doi.org/10.1007/s10654-012-9728-0
https://doi.org/10.1007/s10654-012-9728-0
https://doi.org/10.1038/mp.2013.151
https://doi.org/10.1016/j.ebiom.2017.03.027
https://doi.org/10.1016/j.ebiom.2017.03.027
https://doi.org/10.1016/j.jgg.2015.08.005
https://doi.org/10.1016/j.molcel.2014.03.008
https://doi.org/10.1016/S0191-8869(00)00064-7
https://doi.org/10.1016/S0191-8869(00)00064-7

Psychopharmacology (2019) 236:3245-3255 3255

and acetaldehyde. J Psychiatr Res 109:27-32. https://doi.org/10. Association of telomere length with general cognitive trajectories:

1016/j.jpsychires.2018.11.007 a meta-analysis of four prospective cohort studies. Neurobiol Aging
Yang Z, Ye J, Li C, Zhou D, Shen Q, Wu J, Cao L, Wang T, Cui D, He S, 69:111-116. https://doi.org/10.1016/j.neurobiolaging.2018.05.004

Qi G, He L, Liu Y (2013) Drug addiction is associated with leuko- Zhu'Y, Liu X, Ding X, Wang F, Geng X (2018) Telomere and its role in

cyte telomere length. Sci Rep 3:1542. https://doi.org/10.1038/ the aging pathways: telomere shortening, cell senescence and mito-

srep01542 chondria dysfunction. Biogerontology. 20:1-16. https://doi.org/10.
Yim O-S, Zhang X, Shalev I, Monakhov M, Zhong S, Hsu M, Chew SH, 1007/s10522-018-9769-1

Lai PS, Ebstein RP (2016) Delay discounting, genetic sensitivity,
and leukocyte telomere length. Proc Natl Acad Sci U S A 113:2780—
2785. https://doi.org/10.1073/pnas. 1514351113

Zhan'Y, Clements MS, Roberts RO, Vassilaki M, Druliner BR, Boardman
LA, Petersen RC, Reynolds CA, Pedersen NL, Héigg S (2018)

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jpsychires.2018.11.007
https://doi.org/10.1016/j.jpsychires.2018.11.007
https://doi.org/10.1038/srep01542
https://doi.org/10.1038/srep01542
https://doi.org/10.1073/pnas.1514351113
https://doi.org/10.1016/j.neurobiolaging.2018.05.004
https://doi.org/10.1007/s10522-018-9769-1
https://doi.org/10.1007/s10522-018-9769-1

	Effect of alcohol use disorder on cellular aging
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Participants
	Clinical assessment and behavioral measures
	Telomere length assessment
	Statistical analysis

	Results
	AUD and age predict TL
	Association between drinking behavior and TL
	Association between lifetime stress, trauma, and TL
	Association between behavioral measures and TL

	Discussion
	References




