| SOCIETY FOR THE
1 STUDY OF
| ADDICTION

doi:10.1111/add.15312

ADDICTION

REVIEW

The association of telomere length with substance use
disorders: a systematic review and meta-analysis of
observational studies

Fernando Navarro-Mateu'?* , Mathilde Huskys , Pedro Cayuela-Fuentesé,

Francisco-Javier Alvarez', Agustin Roca-Vega7, Maria Rubio-Aparicios,
Maria Dolores Chirlaque2'3’9"°, Maria Luisa Ca)'uelaI 1112 Salvador Martinez
Julio Sanchez-Meca*

13,14 &

ABSTRACT

Background and Aims Several recent studies have investigated the relationship between telomere length and substance
use disorders with inconsistent results. We aimed to assess this association and to identify moderators of the relationship.
Methods Systematic review and meta-analysis. Selection criteria were observational studies reporting telomere length
in people with a substance use disorder compared with a control group. Studies focused solely on nicotine addiction,
employing other study designs, and non-human studies were excluded. Study selection and data extraction were
independently conducted by two researchers following a standardized protocol and included studies until December
2019. Standardized mean differences were used as the effect size index [d; 95% confidence interval (CI)] and
random-effects models were used for the meta-analysis. Cochran’s Q-statistic, I index, visual inspection of the forest plot
and a 95% prediction interval were applied to verify study heterogeneity. Subgroup analyses and meta-regressions were
conducted to explore heterogeneity. Small study effects were examined using the ‘funnel plot’, the Egger test, Duval &
Tweedie’s trim-and-fill method and the precision-effect test—precision-effect estimate with standard error (PET-PEESE)
method. The risk of bias and the quality of evidence were assessed. Results Ten studies (12 analysis units with 2671
cases and 4532 controls) met the selection criteria. An overall effect size of moderate magnitude was found
(dy = —0.63; 95% CI = —1.00 and —0.26; P = 0.0008). A potential small study effect was detected, as well as large
heterogeneity between studies (Q-statistic P < 0.001, I* = 97.3%). Selection of controls, reporting laboratory quality
control procedures and total sample size significantly affected the effect size. The quality of the evidence was very low,
based on risk of bias analysis and the grading of recommendations assessment, development and evaluation (GRADE)
system. Conclusions People with substance use disorders appear to have shorter telomere length than controls;
however, this finding should be interpreted with caution due to the poor quality of the evidence.
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INTRODUCTION diseases [7—12]. Results of recent meta-analyses suggest
that TL might be associated with a variety of mental disor-
ders [13-19]. However, a non-systematic review has

highlighted inconsistencies of the published results regard-

Telomeres are repetitive non-coding DNA protein

structures consisting of nucleotide sequences of tandem

TTAGGG repeats at the end of chromosomes in association
with a protein complex. These structures are essential for
maintaining genome stability [ 1] and for ensuring the reg-
ulation of gene expression [2]. Telomere length (TL) varies
throughout the life-span and is considered to be a marker
of cellular ageing [ 3—5]. Telomere attrition has been associ-
ated with increased all-cause mortality risk [6], and in par-
ticular with increased morbidity of various age-related
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ing the association between substance use disorders (SUDs)
and telomere length [20].

SUDs constitute one of the major public health issues
around the world [21,22], and are major contributors to
burden of disease [23] with greater risk of disability [24]
and mortality [25]. Early detection of addiction is consid-
ered crucial for preventing premature morbidity and mor-
tality [26]. Comorbidity is highly prevalent between SUDs
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and both psychiatric disorders [27] and medical conditions
[28]. To the best of our knowledge, no systematic review or
meta-analysis examining the association of telomere
length with SUD related to any substance other than to-
bacco [29] was ever conducted.

The aims of the present study were (i) to determine
whether people with SUDs have shorter telomere lengths
compared to healthy controls, (ii) to explore potential differ-
ential effects with regard to diverse substances and (iii) to
identify potential moderators of the telomere length effect.
The research questions were: (i) do people with SUDs have
shorter telomere lengths compared with healthy controls;
(ii) are there differences in the association of TL with SUD
as a function of the type of substance that is misused; and
(iii) if heterogeneity is confirmed, what are the factors
implicated?

METHODS
Protocol and registration

The protocol of this investigation was registered with
the International Prospective Register of Systematic
(PROSPERO 2019  CRD42019119785,
https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID=119785) and published previously [30]. We
wrote this report using the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA
guidelines) [31] and the proposal for
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) [32].

Reviews

reporting

Study eligibility criteria

Inclusion criteria were as follows—(a) populations:
adults with SUDs, except if the disorder is exclusively
based on nicotine addiction, and healthy controls; and
(b) exposure: SUD covered alcohol, illicit drugs including
cocaine, opiates or other substances (e.g. marijuana and
amphetamine, among others). Case status had to be
defined as having any SUD identified through a clinical
interview or using established standard diagnostic
instruments including, but not limited to, the Structured
Clinical Interview for DSM-IV (SCID), Computerized
National Institute of Mental Health Diagnostic Interview
Schedule (CDISIV), the Composite International Diagnos-
tic Interview (CIDI) or any other diagnostic instrument
based on Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) criteria or (c) control group: adults
with no SUD diagnosis (e.g. from the general population,
the community, unexposed outpatient or hospital-based
controls); (d) outcomes: telomere length measurements
with a detailed description of both the methods of
measurement and the isolated tissue that was used;
and (e) study designs: observational studies (case—
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control, cohort, cross-sectional, longitudinal designs).
Exclusion criteria were: systematic or narrative reviews,
meta-analyses, studies with non-human samples or
other designs including reviews, studies,
family-based designs and population-based studies with
healthy subjects only, as well as studies focused on
tobacco smoking.

case-only

Information sources and search strategy

Comprehensive electronic searches were conducted to
identify studies indexed in PubMed/MEDLINE, EMBASE,
Psychlit/PsychINFO and Web of Science databases
(Web of Knowledge) from inception until December
2019. The search was performed by a librarian with ex-
pertise in systematic reviews. The following search terms
were used for SUDs: ‘drug, substance, addiction, alco-
hol*, heroin, cocaine, opium, opioid, methamphetamine,
morphine’ and for telomeres: Telomeres, telomerase, and
telo® (see Supporting information, Table S1). The refer-
ences cited in each study included in this initial selection
and in review articles were then manually searched to
identify other potentially eligible studies. To minimize po-
tential publication bias, both published and unpublished
papers were eligible for inclusion. In order to identify
unpublished studies, e-mails were sent to the corre-
sponding authors of the selected studies to enquire about
any potential study that met eligibility criteria. In the

search strategy, no restrictions were placed on
time-period, sample size, ethnicity or language of
publication.

Data extraction

The following data were extracted from each study fol-
lowing the previously defined protocol: (i) identification
data of the study (author(s), journal, language and year
of publication); (ii) methods (study design, sample sizes
for both cases and controls, diagnostic tools for the deter-
mination of case status, definition of case status, vari-
ables adjusted for in the analyses, attrition for cases
and controls and differential attrition); (iii) risk of bias as-
sessment (described in greater detail below); (iv) sample
characteristics for both cases and controls separately
[gender ratio, mean age and standard deviation (SD),
ethnic background, education level, type of substance
used in SUD cases, duration of SUD in cases, presence
of comorbid mental disorders or medical conditions in
cases, smoking status, exposure to childhood adversities
and other stressful life events]; (v) telomere-related infor-
mation (telomere length, tissue source and telomere
measurement method) and (vi) extrinsic characteristics
(relevant ethical approval, conflict of interest disclosure
and funding source).
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If an article reported two or more studies with indepen-
dent samples, then each independent study was included
as an analysis unit in the meta-analysis. When essential
data were unavailable in the original studies, authors of
the respective papers were contacted and asked to provide
additional data. Two reviewers independently determined
eligibility and extracted data from included studies. Dis-
agreements were resolved by consensus or reached with
the involvement of a third reviewer. To assess the reliability
of the data extraction process in terms of inter-rater agree-
ment, kappa coefficients were calculated between the two
reviewers.

Risk of bias assessment

The risk of bias of each included study was assessed using
the Newcastle—Ottawa Scale (NOS [33]). Discrepancies in
the quality assessment of each study were resolved by
consensus. A total quality score (TQS) of each individual
study was calculated by adding all the stars (range = 0—
9, with a higher score indicating higher overall quality).
Studies were not weighted by the TQS and the influence
on the effect size of each item was individually assessed
[34]. In addition to the NOS, several study characteristics
(e.g. if a blind assay assessment and genetic quality proce-
dures were reported, as well as the evaluation of psychi-
atric or physical comorbidities or the exposure to
childhood adversities or other stressful events) were ex-
tracted to analyse their potential risk of bias on the effect
sizes.

Effect size index

For each study, means and SDs on TL measured in the T/
S ratio scale were extracted. These data were converted
into Hedges’ standardized mean difference (d) as effect size
index. The d index was calculated as the mean difference
in telomere length between the SUD and control groups,
divided by the pooled standard deviation of the two
groups [35]. Negative ds represented a shorter telomere
length for the SUD group compared to the control group.
By convention, d indices of 0.20, 0.50 and 0.80 (in abso-
lute value) were considered to be of small, moderate and
large magnitude, respectively [36]. For each d index, a
95% confidence interval (95% CI) was calculated. In this
meta-analysis unadjusted effect sizes (ds) were used. As
described in the Results section, the reason for not
analysing adjusted effect sizes was that the majority of
the studies did not report the statistical information
needed to calculate an adjusted effect size using the same
metric used for the unadjusted standardized mean differ-
ence (i.e. adjusted means and SDs to calculate adjusted
standardized mean differences). The potential influence
of confounding factors was assessed as described below.

© 2020 Society for the Study of Addiction

Telomere length and substance use disorders 3

Supporting information, Table S2 describes how the data
were extracted from the studies and d indices were
calculated.

Statistical analyses

andom-effects models were used to analyse the TL-SUD as-
sociation due to an expectation of a high level of heteroge-
neity among the studies. An average effect size and a 95%
CI was calculated with the improved method proposed by
Hartung & Knapp [37-39]. In addition, a 95% prediction
interval around the average effect size was calculated in or-
der to provide a prediction of the expected true effects if a
new study is conducted [40].

To estimate heterogeneity between studies, the
Cochran’s Q-statistic, the I index and visual inspection of
the forest plots were used. In addition, heterogeneity was
assessed with the between-studies variance and corre-
sponding 95% confidence interval [41]. Finally, the esti-
mated proportion (and 95% CI) of true effect sizes
exceeding a meaningful threshold was calculated, consid-
ering —0.20 as the threshold effect size for these calcula-
tions in terms of standardized mean difference [42].

In cases of moderate-to-large heterogeneity (I* > 25%),
we attempted to identify possible explanations using sub-
group analyses and meta-regressions based on the most
important characteristics of the studies, including items
used to evaluate the risk of bias. The analyses of moderat-
ing variables were individually assessed [32] and were ac-
complished by assuming a mixed-effects model [43]. The
improved F-statistic was applied for testing the statistical
significance of each moderator [44]. To estimate the pro-
portion of variance accounted for by the moderator, an
R? index was calculated [45]. Simple and multiple mixed-
effects meta-regression was applied to analyse the influ-
ence of the following moderators on the effect sizes:
publication year, mean and SD of the age (total, case and
control samples), mean age difference, SD of age difference,
percentage male (total, case and control sample),
percentage male difference, sample size and NOS total
quality score.

The presence of small study effects was examined using
the ‘funnel plot’ method in combination with Duval &
Tweedie’s trim-and-fill method [46], the Egger test [47]
and the precision-effect test—precision-effect estimate with
standard error (PET-PEESE) method [48]. An additional
sensitivity analysis was performed with the ‘leave-one-out’
method, by systematically removing each study and
re-calculating the overall results. All statistical analyses
were conducted using the metafor program in R [49],
except for the PET-PEESE method that was conducted with
SPSS macros [48]. The grading of recommendations assess-
ment, development and evaluation (GRADE) approach was
used to evaluate the quality of evidence [50].
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RESULTS
Study eligibility and data collection

We first identified a total of 1173 studies. After duplicates
were removed, titles and abstracts of 701 studies were
screened for eligibility and 558 were excluded. A total of
143 full-text studies were assessed for eligibility and 133
were excluded (see flow-chart in Fig. 1 and individual rea-
sons for exclusion in Supporting information, Table S3).
Inter-rater agreement in the selection process was reached
in 96% of the studies. Finally, 10 studies (12 analysis units)
were selected for the meta-analysis. Although efforts to
identify unpublished studies were made, all the studies in-
cluded in this meta-analysis were published articles. The
main characteristics of these studies are summarized in
Tables 1 and 2. The median (SD) of the Cohen’s kappa
inter-rater agreement coefficient was 0.70 (0.24) and
ranged from 0.16 to 1.00.

The 10 eligible studies included 7203 participants
(2671 cases and 4532 controls). As shown in Table 1, all
studies applied a case—control design. The most repre-
sented countries were the United States with three studies

[51-53] and Japan with two studies [ 54,55]. Case samples
presented mean ages ranging between 26.2 and 74.5 years
(mean = 47.4), whereas control samples ranged from 33.3
to 75.1 (mean = 55.1). Three studies included men only
[55-57] and one study with two analysis units included
women only [58]. Related to the type of substance used,
five studies investigated alcohol [52-55,57], one alcohol
and cocaine [51], one cocaine [58], one tobacco and
marijuana [56], one a mixture of cocaine, heroin,
methamphetamine and morphine [59] and one study did
not describe the substances consumed by those diagnosed
with SUD [60].

Adjusted effect sizes were not calculated, as the
majority of the studies did not report the statistical data
needed to obtain adjusted standardized mean differences
[51-53,58-60]. In addition, in one study this information
was reported [57], but in terms of geometric means and
not as arithmetic means, and two studies did not apply ad-
justed analyses [54,56]. Only one study [55] reported sta-
tistical data needed to calculate an adjusted standardized
mean difference, with a value of d,q; = —1.81 (95%
CI = —2.10 and —1.52), which was very similar to the

() Records identified through database searching:
e PubMed =201 Additional new records identified
s e EMBASE =422 through other sources:
® e WoS =507 e Hand searching of included studies = 1
é e Psychinfo =38 e Additional studies provided through
= ding authors =4
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] =
3 (n=5)
—
—
A4 4
o Records after duplicates removed and
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o
=
O
L] ..
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»| abstract reviewed in a quick review
— (n=558)
A
Assessed for eligibility by
'é- two reviewers e Clearly not eligible based on
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> ©  Without enough data to be
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Figure 1 Flow-chart of the meta-analysis of telomere length and substance use disorders. Adapted from Moher et dl. [31].

© 2020 Society for the Study of Addiction

Addiction



5

Telomere length and substance use disorders

(sonunuo))

PIGIOWIOD UT SIOUIIJIP

1, yueogrusis oN - SIS ISV AT-(IDS  9UTe20D pue [040d[y (2990 92'¢%  (99'2) 96'9% LT s¢ 8L  ¥¢C [01uoo—asE) vsn 6T0T ‘snouuef,
9ISV ‘'VSSO BLIOND
AIFINSA SuImor|oy
S[OIUOD UT URY[} SSOIIS MIIAIUI [RITUT[D
I AJTeD INOTIM /UM PIINIONI)S-TWSS pue
S[OBIO Ul I93I0ys ST, MI1AIRUL [eIIUI) oures0) #'2) €89 (€9) T9C 0 6% 0 %€ [013U00-9sED [ZeIg  9TOT TISMOpURAI]
sdnoasd siaxowrs
-U0U JO SISYOWS Ul UeY[)
dnoasd siaxows euen(Lrew rURNYLIRW (86'9) LO'T¥ = .S 0¢ =8 0¢ =98
Ul IojIoys seM 1, pPRqHOS9p JON pue oeqel, (76°Z) €50 =,SN  ($69) €8'TF 0€ =,SN 0€ = ,SN 0¢  0¢ [onuod-ese) 1dA3H 910 ‘pPurRyoN
WEe[OZBLI) ‘QUITIE]oY
PpaquIsap ‘auruuejeyduretow
S[0IU0D et} jou sjooojoxd ‘VINAIN ‘euen(irew
STI, 19I0Ys ApuedyIudls  pue saIreuuonsonb  ‘jopewren) ‘ouopeyjouwt
PNQIYXS s10snqe NI pazIplepue)g ‘ourgdiou ‘UI0I9H (91'8) 9% F¢  ((9°2) 627¢€ 01T 80S 66T ST¥ [onuod-ose)  BUIY) €T0T ‘Suex
(SwoysAs
s[oa3u0d pazipeydsoy UONROYISSL[D
-uou uety) 1, 193U0] pey H-IFNSA
SIOPIOSIP 9SN 90URISqNS  pue O pue 6-J])
JO [ejUSW AUR 10J 1918130y 93xeySI(|
pazirendsoy syuedioneg Tendsoy ysruurg PaqLISap JON (6'7) 19 - 8 OF8T 0 OF ONU0O-95eI poIsoN  pueUL] CTOT ‘uaure[oreg
S[o13U0D
0 pareduwiod s1esnqe
[OfooE Ul [, 19310YS MI-ATFINSA Supjows pue [0yoo]y (z9-50) ¥¥ (S4-€¢€) 8¢ FASY LT 00T 00¢ [0uoo—ase) A TT0T ‘ofjeueAed
SaseD
Jo wmirpayds [eagerdosao
a3 Wl 1, 29H0ys ATFNSA 104001y (s6-T%) €€ (T8—F¥) T'19 48 Yo 9T 9T [ouod-ose)  uedef 1T0T ®pIV
UOIIVIDOSSD [[DA2A() Juowm.jsur (118 ouvIsqng (abuv./(IS) (abuv./(IS) (%) u N (%) u N ubysop Aipms  Anuno) Apalt Yoy sy
UpIUL [04U0) UDILL ‘Sasv)) SIIN SIIN
by sjo4u0) SasV)

SOIPNJS POpNIOUI JO SONSLIDIOBIRYD UIR]N [ d[qRL

Addiction

© 2020 Society for the Study of Addiction



Fernando Navarro-Mateu et al.

6

(d) ApmS YH[eaH TenoseaoipIe)
Y, (g) pue Apmg MOS pue 1R Y, (V) :S91pN)s Juapuadopur 19710 0M] JO SINSAT SIQIIISIP (6 TOT) [V 12 MXI(, "sopdues surm ur (JH,) [OUIqRUURIOIPAYRINN-6-R[9P JO TUIWDMSLIW AQ PIULIJUOD SEM 1] ‘[R)ASOY B WOIJ PAIMIOAT 910M syuedion
~Ted JSOT], *SIONOWIS = § !SIOYOWS-UOU = SN[, "SOSA[RUE [} UI pOpNJOUT SEM SI0Y0D UT [[J3US] 219WO[0) JO JUUaMSEaW dN-MO[0) Jea-G A[UQ), "durie)oydureyjowAXoIpaUd|AYIOW-F¢ = VINCIA ‘UONBIASD pIepue)s = (IS ‘ISUS] 9I9WO[d) = [,
19[eog oudpuada( [0Y0dY =SAV :A[eds F30[[e3-103N[YoS—YSNHIN-9I = S ‘AI-FINSA 10j MIIAIOIU] [BIIUI) PaIMONIS = ([[DS ‘9 UOISIOA Xopu] AJIOAS UONDIPPY = 9-[SY ‘JUIWISSISSY AJLIDADS QAIJOI[OS QUIRD0) = YSS)
ISIOPIOSI( [RIUS JO [RNURI [RONISNIRIS puR oNSOUSeI(] = NS ‘SWI[qOI [I[LSF PAIR[OY pue Soseasi(] JO UOIRIYISSR[) [RINISIRIS [RUONRUWIDUL = ([D] ‘1S9, UONRIYITUAP] SIOPIOSI(] 9S[] [0YO0O]Y = [LICI1V I9PIOSIp asn 20ueIsqns = (1S,

SIWMSUO0D [OYOJ[B pue T, [o13U02
U99M19q TOTBID0SSE ON pariodarjias 10409y (§9) T'SL (S) §FL i4183 €88  9Z¢ 064 —95BD PaJsIN vsn ()
SIOWMNSUO0D [OYOd[ pue T, o100
U99M]9(q UOIJEID0SSE ON O-L1dNv [04oo1vy (T1D 199 (8°01) 1°29 9¥%¢ [ce  ZTs 279 —oseD PoJsaN vsi (V) ,610T “1XIq
s[onuod Ayjeay 03
paredwiod SIOPIOSIP SN
[oyoore ynm syuedonaed
Ul 19)J0ys ST ], Sav LIANV ‘dos [oqoory (9s'0) zeee  (€£2°0) 90FF 8¥T 6¥F 8T 09C [onuoo-ase) vsn 610T ‘sunepn
s[onuod 03 paredwiod BLIOILD AT-INS(
(V) @ouspuadaop pue 3897, SUIULI0S
[ogoore yim syuaned ur WIS[OY0o[Y
19J10S 90§ ISowe Sem L], UL [o4ooy (T01) 65 (£'6) LSS IcI Il Pel Pel [0TyU0d-osED uede( 6T0T ‘Tewex
I9pIOSIp
9sN [07OJ[B pUB JURI0D
UOIIVIDOSSD [[DAIAQ) Juowm.gsut (118 ERNNI (abuv./(IS) (2Buv/(IS) (%) u N (%) u N ubisap fipms  Aguno) Avalt Yoy 3s41]
UpIUL [0.3U0D) UpaUL ‘Sasv)) SIPIN SAIN
by sjoquop) SaSU)

(penunuoD) [ dqeL,

Addiction

© 2020 Society for the Study of Addiction



7

Telomere length and substance use disorders

(sanunuo))

AOULIONJ UONOLAT SUIULIDJOP
0} A[Y3noIoy) pajsa) a1om $)as
Jowd ‘yuauuiiadxa 9} 03 JoL]
sopduues oy Jo una yoeo

ur YN( JTouad Jojeiqied
pue ojerd swes atf) UIYIM
uoroeal [w-( T ayedrdnp uy
‘urege Und pue ussoyd AJuopued
91oM so[dures oJeLIBAITIIUL
‘Lesse ay) jo Apiqronpoadal

9} 1891 O, "UNI-aX

pue popn[oxe a1oM %7 < AD

B )M sojdweg "uone[o110d
pajenyeas pue ajedrdnp

ur uni axem sojdues [y
POYIIO dIoM

[9A9] P[OYSAI} 9} JB G*() QAOQR
SUOTIRIASP PIBPUR)S OAIND
uoneoydure yym sajedrdiiy,
sfem

JUSIQRIP oM} Ul sodwres ()7

10§ Aesse ayp) jo uonnaday ‘pasn
SM SJUSWIINSBIW ONR S/,
901y} 9} JO o3RI0AR JY) puR
ayeordin ur una sspdwes [y

uonexedaad
o[dwes ur SuoneLILA JOj [0IJU0)

UN
SOx

SOK.

SOK.

SOx.

SOx.

SOx

AN

AN

AN

AN

SOx

UN

poo[q Tereyditeg
pooiq [exsydriag

$914000N9]

$91£000M9]

$914000N9]

$914000N9]

(S99 Teseqexed
pue [eseq)
esoonwi [eageydosy

odb
¥odb

4odb

4odb

Ddb sum-[eay

4odb
aun-[eal xadnmpyy

HSIZ-0

oner s/,
oner g/,

oners/1,

oner s/l

onel /1,

oner /1,

(MOIN) onex
AIWOIUD

-0}-01oWO[9}
pozifeutioN

o ST IT0
o ST 910

170 LL°0 60°0

170 780 8T°0

UN UN AN

80 90'L cro

90 791 90

61T (@)
€T (V) 910T ‘msmopuead

19°0 9T0T ‘poureyoy

82°0 €107 ‘Bueg

AN CTOC ‘uaure[oseg

St TTOT ‘ofoueaeq

'l LTOT ‘epv

uondLiosap jo.43uod fynb onjauar)

[o43uoo
fiyiponb
o1aUID)

paytodal
JUIISSISSD
fivssy puirg

204108 INSSI],

pasn anbnuag,

JUILUDINSDIUU
I Lo

as uvoy as

UvIIN Aalt ‘toyny 3841,

(onwi §/1)
Y16Ud] 219U10]9], S[OIIU0D)

(onwi §/1)
16Ud] 249110]9) SISV

SaIpnjs papnjour ut QOEQEU@QU JjusuiaInseal 2I9WOR], ¢ d[qel,

Addiction

© 2020 Society for the Study of Addiction



Fernando Navarro-Mateu et al.

8

(6T0T ‘P 92 WXIQD) (S/L) % €THT + FLTE = dq :enuio) ay) Suisn onex
S/, 01 pawwiojsue) a1om (dq) sared aseq, “UONRIASD pIEpUR)S = (IS ‘UONBLIBA JO JUIDIO0D = AD pajIodor 10U = YN ‘UOIRZIPLIAY NYIS-UI 90UIISIION[J dAneuenb = HS[-0 ‘uonoeal ureyo sserowijod sarreyyuenb = )b :sared aseqoqn| = dqy

9yeordnp ur pawiojrad

sy)3u9[ Juowidey
UOI}OLIISAI [RUIULID) JO

9IOM STUIWIINSEOW QIOWO[I], S9X S9X $9)£000N9] SISATeUR J0[q UIOYINOS LAay 1920 WLTT 6¥70 9T (@)
juedonaed yoes
J0J pasT SeM paSeIoAR U} pue
91eoTdnp U pamsest onel /7, SO AN $914000M] ¥odb LA S AN 780 6%1°0 2£8°0 (V) 6107 X1
Pa1s93 sem (DQLN) 9rejdway
VN2 1oyim [01uod dAnesou
' ‘suonoeal e uj sojdwes
I9YJ0 9y} J0j 9jedrdnp ul pue
S9AIND pIepuej)s 9y} 10§ ayedrdLny \Odb
ur popadid a1om suoTIORY SOX AN poo[q 9oy Xo[dnnuu SWOIYIOUO oner s/, 10°0 FIT 00°0 90'T 6107 ‘SunIepy
I Aesse yidu9]
- UN UN $914000n07] 9IoWoR} HODVL ORPL A9 8LL'1 L96°¢ 9790 NGl 610C ‘Pewex
areordnp ur una sajdures YN SIA AUN $9)4000n07] 40d Ooner s/L 020 €r'L 0 €60 610 ‘snouue(,
szoup-towd
JO 9ouasqe oy} pue “Aonoads
uonduiosap joa3uoo fiyppnb onouor) (03100 paioda 201108 aNSSI], pasn anbruyay, JUIUIANSDILLL as UDIIN as UDIN ADAf 1oy Ny 31841,
fiypnb JUIUISSISSD 1L, [puibLio
omourny  fivssp puig (onvi §/1) (omi S/1)

116Ud] 249UU0[2], S[OIU0))

16Ud] 2.191110]9) SISV

(ponunuo)) g lqeL

Addiction

© 2020 Society for the Study of Addiction



9

Telomere length and substance use disorders

6/S - . - . X - - ()
6/9 - . - . . N - . (V) 6107 MX1d
6/9 - . - . . B - . 610 ‘suneiy
6/S - - - . ; ; - - 6T0CT ‘Brewex
6/S - ; - . - ; - ; 6T0T ‘snouuef,
6/S - . - . . - - . 9T0T TISMOpURAY]
6/S - . ) . - - - 9T0T ‘powRyoly
6/€ - - - . - - - €10€ ‘Suex
6/2 - . - . . . . . 7107 ‘uourejores
6/5 - . - . . - - ) TT0C ‘ofpueAeg
6/1 - - - - - - - . TT0T BpvV
21008 pat JUIUUIVTAOSD [0 aunsodxa fo fnpqpavduio) s[043u00 Jo S]043U00 Jo sasvo Jo uonufop Aot oy 3si1]

SON asuodsal potjraut auwws () JUIUIUIV]AIOS Y (1) uonmuya( (¥) uonaas (£) SSIUIAIIVIUISAIAIY asv) (1)

-UoN (€) (1) (@
anpqpavduio)
ansodx i Uuo1[Is

$IIpNJS [041IU00—ISDO k&. I[DIS DMD)))—I[ISDININ MIN

SoIpN}s papn{oUl Jo soNsLOBIRYD Aen) ¢ d[qel,

Addiction

© 2020 Society for the Study of Addiction



Fernando Navarro-Mateu et al.

10

*9SBISIP JOAT]

pue ayoxs Joud ‘aanrej JIeaY ‘UoNdIeJUI [RIPIEIOAT J0Lid *9seasIp A19)1E AIRU0I0D ‘UOISULLIAAY ‘$9IOqRIp :SUONIPUOD [EJIPIIN, *[0U0D [eoNsEIS = () :Bulypdiew 4q [00U0d = () ‘TS d[qe], ‘uonewojur Surioddng ur paqudsep d1e Apnjs (oea
ur parjdde sasA[eue [eoNsTE)S Y, ‘PAII0dal 10U = YN ‘Sareuuonsan() ssaxyg o Apreq = ST :2Ieuuonsan() BWnelLy, pooypry) = O Xopul ssew Apoq = [N 9[IS ANENA = SA Xpu[ YI[edH [BIUSN = [HIN ‘ATojuaau] uotssaada( oog = 1ad

S[QAJ] PIOR A)Je] ¢-B39WO puk SIdIRW

A1ojewrweqjur pue Suonipuod
[eo1pawt jo dnoad e pue sieaA yoed jo (D) sox (D) sax (D) sax ON ON SOA ON (a)
Joquunu ‘ojed dig—jstem TN 00wy (D) sox (D) sax () soX ON ON SOK ON (V) 610T ‘X1
Axsaoue
UROLYY PUB ‘UO0IIRINDS JO S1edA ‘TINY (D) sox (D) sox. (D) sox SOX SOA ON SOx 610C ‘suniepy
Jo0uRD pue ‘uondwnsuod [oYody (D) sox. ON (D) sox ON ON SOA ON 6107 ‘Tewex
uoeonpy ON ON (D) sax ON ON ON ON 610C ‘snouue],
[9A9] uoIIEONPS pue JNY ON () & (D) sax ON SIA SOA SOA 9T0T ‘D[SMOpUBAY]
(TN) Snge)s JIOU029-0100§ (W) s2X () s9K () s9K ON ON BN S9X 9T0T ‘pouwRyoly
(190UBD pue SIAPIOSIP
[BIUSW ‘SASBISIP JR[NOSLAOIPIRD
‘9SBISIP SNOIAJUI) SSAU[[T SNOLIS JO
990} 219M WY JO [[B JBY) pajedIpul
JuowIssasse-j[os Juedionaed (V) SR (D) sox. (D) sox. SO ON SOX SOx €10z ‘Suex
ENEEN)
Jeay Areuoiod pue uondwmsuod
[OY09[e ‘TN ‘SnyI[[ow SajaqeI(] (D) sax (D) sox (D) sox ON ON SOX SOx 7107 ‘uaureoses
JUSPIDIE JO YSLI AJLAI[O
M sqof pue ‘oyejur o[qe3adan ‘ING (BN (W) SOK (D) s9& SOK ON ON ON 110T ‘ofjoueARq
PaJI04U0D SAIVLIDAOD JI() bunyows beN by (ou/saf) (ouysal) (ouysalt) (ou/saf) Apalt Yoy s
2msodxa Juaaa SaNISI20PD Ayp1qaoui00 fyp1qiouioo
mfssaays 130 pooypmy) aisliyq oLgvnplisq

,(P2[1047U09 10 payoIvLLt) A0f [0.qU0)

“raIunay

(ponunuo)) € dqey,

Addiction

© 2020 Society for the Study of Addiction



unadjusted d index: d = —1.89 (95% CI = —2.18 and
—1.59). Asshown in Table 3, the variables most frequently
used to adjust the SUD-TL association were the age, sex
and smoking status. The results of the adjusted statistical
analyses reported in the studies (multiple linear regression
models in most cases) are described in Supporting informa-
tion, Table S3. Therefore, meta-analytical calculations
were based on unadjusted effect sizes.

Average effect size and heterogeneity

A forest plot of the d indices comparing average telomere
length of SUD and control samples is presented in Fig. 2.
With one exception [60], every study exhibited shortened
telomere length in SUD samples in comparison with con-
trols, with eight studies reaching statistical significance
[52,54-60]. An overall effect size of moderate magnitude
was found (dy = —0.63; 95% CI = —1.00 and —0.26;
P = 0.0008). The 95% prediction interval (—2.06 to
0.80) was wide, indicating that the expected effect size
in a new study could exhibit a wide range of true effect
sizes, both of negative or positive sign. It was estimated,
taking into account the overall effect size and the
between-studies variance, that approximately 75.5%
(95% CI = 54.6%, 96.4%) of true effect sizes exceeded
the threshold for a scientifically meaningful size of
d = —0.20. In addition, taking d = 0.20 as a threshold
in the inverse direction, this method estimated that only
9.2% of true effect sizes exceeded that threshold (95%
CI = 0%, 23%). As a sensitivity analysis, the ‘leave-one-
out’ method was applied, finding three studies whose ex-
clusion led to a change larger than 10% in the overall

Telomere length and substance use disorders 11

effect size (d_; values = —0.56 [56]; —0.50 [55]) and
—0.72 [60]), but in all cases the adjusted overall effect
size was statistically significant and of moderate magni-
tude (d > 10.50]).

The Q-statistic to assess heterogeneity among the effect
sizes was statistically significant (Q [11] = 256.56,
P < 0.001) and the I* index was of large magnitude
(I’ = 97.3%), as well as the between-studies variance
(> = 0.39; 95% CI = 0.04, 0.74). Taken together, these
findings revealed the existence of large heterogeneity
between studies.

0
|

0.146 0.073
|
-

Standard Error

0.219
!

0.291
L
®
°

Standardized mean difference

Figure 3 Funnel plot of the |2 standardized mean differences com-
paring average telomere length of substance use disorder (SUD) and
control samples

Study SMD [95% CI]
Aida et al (2011) — -0.69[-1.26,-0.12]
Dixit et al (2019)A i -0.04[-0.17, 0.10]
Dixit et al (2019)B = -0.05[-0.15, 0.05]
Levandowski et al (2016)A e -0.56 [-1.09, -0.04]
Levandowski et al (2016)B —a— -1.16 [-1.63, -0.69]
Martins de Carvalho et al (2019) HH -0.50 [-0.65, -0.34]
Mohamed et al (2016) —— -1.48 [-1.97,-0.99]
Panavello et al (2011) HlH -0.98[-1.18,-0.79]
Savolainen et al (2012) — 0.32[0.01, 0.64]
Tannous et al (2019) — -0.36[-0.92, 0.21]
Yamaki et al (2019) —a— -1.89[-2.18, -1.59]
Yang et al (2013) i -0.31[-0.44,-0.18]
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Figure 2 Forest plot of the standardized

mean differences comparing average telo- I J !

mere length of substance use disorder 3 2 -1 0

(SUD) and control samples. Standardized mean difference

SMD = standardized mean difference
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Small study effect analyses

To assess whether small study effects were affecting to the
meta-analytical results, a funnel plot was constructed as
reported in Fig. 3. The existence of asymmetry in the
funnel plot was corroborated with the Egger test, that
reached statistical significance (¢t [10] = — 1.93,
P = 0.082). The trim-and-fill method to symmetrize
the funnel plot did not add to the effect size. However,
when the PET-PEESE method was applied, an estimate
of the overall effect size adjusted by small study effects
was of practically null magnitude (dpgr = 0.05; 95%
CI = —0.46, 0.56).

Risk of bias analyses

The methodological quality of the studies was assessed
with the NOS, together with several additional items not
included in NOS (see Table 3 and Fig. 4). According to
the GRADE system [50], there is very low-quality evidence
that people with SUDs have shorter TL (see Supporting in-
formation, Table S4, based on Cochrane’s template for
assessing the GRADE criteria [61]).

The potential relationship between each item of NOS
and the effect sizes was assessed by means of subgroup
analyses (see Table 4). There was some evidence for the
effect size varying by the selection of controls
(P = 0.016; R?> = 0.43). Studies that selected controls
from a hospitalized population or with no description of

the selection process exhibited a slightly higher but
non-statistically significant average effect size compared
to those with community controls (dy = —0.94 versus —
0.07). Table 4 presents the results of subgroup analyses
for three additional methodological characteristics. Of
these analyses, the only one that exhibited a relevant as-
sociation with the effect sizes was whether the study re-
ported quality control procedures in genotyping
methods (P = 0.028; R? = 0.37), such that a lower aver-
age effect size was found when quality control methods
were applied than when they were not reported
(dy = —0.50 versus —1.88). However, this result must
be interpreted cautiously, because only one study did
not report quality control methods.

Types of substances related to SUD and telomere length

Studies were classified in three categories as a function of
the type of substance misuse: alcohol, other substances
(mainly cocaine) and alcohol plus cocaine. Table 5
presents the results of comparing the average effect sizes
for these three categories. No relevant differences were
found between the three types of substance (P = 0.788;
R? = 0). An additional analysis consisted of defining three
dichotomous variables to categorize studies included
consumers of alcohol, cocaine and other substances, with
codes O (no consumers of that substance) and 1
(consumers). Then, a multiple meta-regression analysis
was applied with these three moderators and the effect

NOS-S.1) Case definition

NOS-S.2) Representativeness of cases
NOS-S.3) Selection of controls

NOS-S.4) Definition of controls

NOS-C.1) Comparability

NOS-E.2) Same method of ascertainment
NOS-E.1) Ascertainment of Exposure
NOS-E.3) Non-Response rate

Blind assay assessment reported

Genetic quality control

Evaluate Psychiatric and Physical comorbidity
Evaluate Childhood or other stressful adversities

Matched or Controlled for other confounding factors

Low risk of Bias

E—
91
— | | | |
|55 ‘ |45 ‘
| 82 ‘ | 18 ‘
| . | -
| 73 ‘ | 27 ‘
91
f | | | |
| 5 | |
18 | ‘ 82 | ‘
| - | m
36 | ‘ 64 | ‘
36 | ‘ 64 | ‘
91 9
} | ! |
0% 25% 50% 75% 100%
High risk of bias

Figure 4 Risk of bias assessment of included studies. NOS: Newcastle—Ottawa Scale for case—control studies. NOS-S: selection; NOS-C:

comparability; NOS-E: exposure
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Table 4 Results of the subgroup analyses for the Newcastle-Ottawa Scale (NOS)" and methodological characteristics on the effect sizes

95% CI

Moderator variable N k dy d;, dy ANOVA results
(NOS-S1) Case definition

No 4814 5 —0.66 —-1.32 0.004 Fa,10=0.02,P=0.896

Yes 2389 7 —-0.61 —-1.18 —-0.03 R* =0 Qw (10) = 246.71, P < 0.001
(NOS-S2) Representativeness of cases

No 5323 11 —0.72 —1.12 —-0.31 Fa10=2.84,P=0.123

Yes 1880 1 0.32 —-0.99 1.64 R*=0.14 Qw (10) = 239.53, P < 0.001
(NOS-S3) Selection of controls

No 1993 8 —-0.94 —1.34 —0.53 Fa10 =8.31,P=0.016

Yes 5210 4 -0.07 —0.60 0.46 R* = 0.43 Qw (10) = 152.54, P < 0.001
(NOS-S4) Definition of controls

No 50 —0.69 —-2.27 0.90 Fa.10=0.01,P=0.933

Yes 7153 11 —0.62 —1.08 -0.17 R* =0 Qw (10) = 254.98, P < 0.001
(NOS-C1) Comparability

No 50 1 —0.69 —-2.27 0.90 Fi.10=0.01P=0.933

Yes 7153 11 —0.62 —1.08 -0.17 R* =0 Qw (10) = 254.98, P < 0.001
(NOS-E1) Ascertainment of exposure

No 7113 11 -0.56 -0.97 -0.14 Fa10 =191, P=0.196

Yes 90 1 —1.48 —-291 —0.05 R*=0.08 Qw (10) = 234.82, P < 0.001
(NOS-E2) Same method of ascertainment

No 1221 3 —-0.96 -1.79 -0.14 Fa10 =1.09,P=0.321

Yes 5982 9 —0.52 —-0.99 —0.04 R* = 0.01 Qw (10) = 233.99, P < 0.001
Controls without SUD?"

No 2729 4 —0.60 -1.36 0.15 Fa10 =0.01,P=0.925

Yes 4474 8 —0.64 —-1.17 -0.11 R* =0 Qw (10) = 228.51, P < 0.001
Blinded assessors?

Not reported 5073 10 —0.65 —1.13 -0.18 Faq.10=0.08, P=0.785

Yes 2130 2 -0.51 —1.54 0.51 R* =0 Qw (10) = 249.02, P < 0.001
Genotyping quality control®

No 255 1 —1.88 —-3.04 -0.73 Fa.10)= 6.54, P =0.028

Yes 6948 11 -0.50 —0.86 -0.15 R*=0.37 Qw (10) = 145.34, P < 0.001

N = total sample size; k = number of studies; d;. = average effect size; d;, and di; = lower and upper confidence limits for d,; F = F-statistic for testing the sig-
nificance of the moderator; R = proportion of variance accounted for by the moderator; Qy, = statistic for testing the model misspecification. ‘NOS-E3 = no
missing data or similar attrition for cases and controls. This last item was not analysed because no study fulfilled it. "Controls were assessed for absence of sub-
stance use disorder (SUD) with a validated instrument. Reporting of quality control procedures in genotyping methods. CI = confidence

interval; ANOVA = analysis of variance.

sizes as the dependent variable. There was no evidence of
a relationship between the type of substance and the ef-
fect sizes (F3.7) = 0.47, P = 0.715, R* = 0).

Study techniques of telomere length measurement and
SUD determination

SUD status was assessed by clinical interview or through
self-reported instruments. As shown in Table 5, no rele-
vant differences were found between the two methods of
SUD assessment (P = 0.280, R? = 0.02), although the
magnitude of the difference in TL between SUD and con-
trols was larger when cases were assessed by clinical in-
terview (d. = —0.73 versus —0.18). A smaller effect size
was found when TL was measured using the quan-
titative polymerase chain reaction (qPCR) method
(dy = —0.55 versus —0.87), although not reaching

© 2020 Society for the Study of Addiction

statistical significance (P = 0.482, R* = 0). Differences
in source tissue used in the biological samples to mea-
sure TL did not exhibit a relevant association with the
effect sizes (P = 0.953, R* = 0).

Analysis of additional moderating variables

Subgroup analyses [analyses of variance (ANOVA)] were
conducted to investigate the potential relationships
between clinical, socio-demographic and contextual
characteristics and the effect sizes (Table 5). Neither the
presence of psychiatric comorbidity (P = 0.415, R* = 0),
medical comorbidity (P = 0.660, R* = 0), childhood
trauma (P = 0.771, R? = 0) nor exposure to other stressful
events (P = 0.917, R = 0) exhibited a relevant relation-
ship with the effect sizes. Ethnicity of the sample
(P = 0.788, R* = 0), country of residence (P = 0.114,

Addiction
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Table 5 Subgroup analyses for different characteristics on the effect sizes

95% CI
Moderator variables N k ds d;, dy ANOVA results
Substantive variables
Type of substance
Alcohol 4092 6 —0.68 —1.28 —0.08 Fi2.)=0.25,P=0.788
Other 1182 4 —0.86 —1.62 —-0.10 R*=0 0w (8) = 235.87, P < 0.001
Alcohol + cocaine 49 1 —0.35 —-1.93 1.22
SUD measurement:
Clinical interview 4614 10 —-0.73 —1.18 -0.27 Fai,100= 1.30, P = 0.280
Self-report 2589 2 —0.18 —-1.14 0.78 R*=0.02 Qw (10) = 213.34, P < 0.001
Telomere measurement:
qPCR 5225 9 —0.55 —1.04 —-0.06 Fi,10)=0.53, P=0.482
Other” 1978 3 —0.87 -1.72 0.02 R*=00Qw (10) = 250.87, P < 0.001
Source tissue
Leucocytes 6268 8 —0.59 —1.15 —0.03 F2.0)=0.05,P=0.953
Other blood samples 885 3 —-0.73 —-1.67 0.20 R*=0 0w (9) = 242.02, P < 0.001
Other tissue” 50 1 —0.69 —2.37 0.99
Psychiatric comorbidity?
Not reported 3432 6 —0.66 —1.26 -0.07 F20)=0.97, P =0415
Excluded 1182 4 —0.86 —1.60 —-0.12 R*=0 0w (9) = 250.86, P < 0.001
Assessed but not excluded 2589 2 —0.09 —-1.11 091
Physical comorbidity?
Not reported 1215 3 —0.62 —1.51 0.26 F2,0)=0.43, P = 0.660
Excluded 1232 5 —0.83 —-1.53 —-0.13 R*=0 0w (9) = 194.84, P < 0.001
Assessed but not excluded 4756 4 —0.40 —-1.16 0.35
Child trauma
Not reported 6318 9 —0.60 —-1.09 -0.10 F1.10=0.09,P=0.771
Assessed but not excluded 885 3 -0.73 —1.60 0.14 R*=0 Ow (10) = 243.98, P < 0.001
Other stressful exposures?
Not reported 5121 9 —0.64 —1.15 —-0.13 Fi1.10=0.01, P=0917
Assessed but not excluded 2082 3 —0.59 —1.44 0.25 R*=0 Qw (10) = 229.07, P < 0.001
Contextual variables
Ethnicity
Caucasian 2337 2 —0.34 —1.42 0.74 Fi28=0.25,P=0.788
Asian 1221 3 —-0.96 —1.87 —0.06 R*=00w (8) =235.87, P < 0.001
Arabic 90 1 —-0.23 —1.00 0.54
Mixed 3379 4 —1.48 -3.10 0.14
Country
Brazil 176 2 —0.87 —-1.74 —0.002 Fe5=3.15,P=0.114
China 916 1 —-0.31 —-1.35 0.73 R*=0.61 Oy (5) = 42.50, P < 0.001
Egypt 90 1 —1.48 —2.70 —-0.26
Finland 1880 1 0.32 —-0.78 1.43
Ttaly 457 1 —-0.98 —2.04 0.08
Japan 305 2 —1.38 —-2.21 —0.54
USA 3379 4 —0.22 -0.77 0.37
Continent
Africa 90 1 —1.48 —2.98 0.02 Fa7 = 1.30, P =0.357
Asia 1221 3 —-0.96 —1.80 —-0.13 R*=0.09 Ow (7) = 168.64, P < 0.001
Europe 2337 2 —0.34 —1.34 0.66
North America 3379 4 —0.23 -0.94 0.48
South America 176 2 —0.86 —-1.93 0.20
Funding?
Yes 7113 11 —0.55 -0.97 -0.14 Fi.10 =191, P=0.196
Unclear 90 1 —1.48 —-291 —0.005 R*=0.08 Qw (10) = 234.82, P < 0.001

N = total sample size; k = numbgr of studies; d.. = average effect size; d;, and d; = lower and upper confidence limits for d.; F = F-statistic for testing the sig-
nificance of the moderator; R~ = proportion of variance accounted for by the moderator. Qy = statistic for testing the model misspecification;
ANOVA = analysis of variance; qPCR = quantitative polymerase chain reaction. “Q-FISH’ (quantitative fluorescence in-situ hybridization), “TAGGG telomere
length assay kit and ‘Southern blot analysis of terminal restriction fragment lengths'. “Oesophageal mucosa’.

© 2020 Society for the Study of Addiction Addiction



R?=0.61) or continent (P = 0.357, R? = 0.09) where the
study was conducted or funding type (P = 0.196,
R? = 0.08) did not seem to affect the TL-SUD association.

Meta-regressions were applied to assess the influence of
unbalanced distribution of several socio-demographic
moderators on the TL-SUD association. As shown in
Table 6, none of them reached a relevant association with
the effect sizes: mean age and SD of the samples (total,
cases and controls), percentage of males or study publica-
tion year, all of them exhibiting percentages of variance ac-
counting for lower than 10%. However, the total sample
size of the studies exhibited a strong relationship with
the effect sizes, with 54% of variance accounted for
(P = 0.007; R* = 0.54; see Table 6). Supporting informa-
tion, Fig. S1 presents a scatter-plot of how sample size af-
fected the TL-SUD association. In particular, studies with
small sample sizes exhibited stronger TL-SUD associations
than studies with larger sample sizes. In other words, stud-
ies with small sample sizes found that SUD samples pre-
sented shortened TL in a larger magnitude than studies
with large sample sizes. This result was coherent with the
result of the Egger test described above.

DISCUSSION

To the best of our knowledge, this systematic review and
meta-analysis is the first to systematically assess the
TL-SUD association. The main result of a total of 12

Telomere length and substance use disorders 15

analysis units suggests that people diagnosed with a
SUD have a shorter TL compared to controls. This finding
is consistent with other recent meta-analyses suggesting
that a shorter TL is associated with (i) other mental dis-
orders [19] such as depression [13,14], post-traumatic
stress disorder [17], anxiety [62] and schizophrenia
[15,18]; (ii) cigarette smoking [29] and (ii) with other
chronic age-related diseases, such as metabolic syndrome
[7], diabetes mellitus [8], hypertension [9], cardiometa-
bolic outcomes [10] and cardiovascular disease [11] and
Alzheimer’s disease [12].

Several strengths of our study should be highlighted.
First, data on several potential moderating factors (e.g.
childhood adversities, exposure to other stressful events
and psychiatric and physical comorbidities) was evaluated.
Secondly, quality assessment was implemented [63] using
the NOS [33] and, although a TQS was calculated, each
item was assessed individually in their influence on the
magnitude of the effect [32]. Thirdly, we have evaluated
risk of bias [63] and applied GRADE criteria to assess the
quality of evidence [50]. Finally, we have used the PRISMA
[31] and MOOSE checklists when writing this report [32];
the protocol was registered in PROSPERO and has recently
been published [30].

Nevertheless, some limitations deserve careful consid-
eration. At the study level these were: first, some difficul-
ties to extract some characteristics from the studies due to
incomplete reporting and a very low quality of evidence
based on GRADE criteria [50]. The Strengthening the

Table 6 Results of the mixed-effects meta-regressions for continuous moderators on the effect sizes

k Min. Max. Mean b; t P Qp P R?
Substantive variables
Year 12 2011 2019 2016 —-0.014 —-0.23 0.821 237.68 < 0.001 0
Total mean age 12 34.2 74.8 50.5 0.013 1.02 0.330 197.38 < 0.001  0.004
Case mean age 11 26.2 74.5 47.4 0.010 0.81 0436 176.60 <0.001 O
Control mean age 12 333 75.1 55.7 0.006 0.48 0.643 21338 <0001 O
Total SD of age 10 29 21.9 9.6 —-0.040 -0.97 0.358 189.80 < 0.001  0.006
Case SD of age 9 0.7 10.8 6.9 —-0.046 —-0.56  0.593 19322 <0001 O
Control SD of age 10 0.6 11.2 6.7 —0.079 —-1.12 0.297 207.12 < 0.001 0.01
Total percentage male 11 0 100 61.5 —-0.006 —-1.06 0.315 184.03 < 0.001 0.03
Case percentage male 11 0 100 66.1 —-0.004 —-0.84 0.425 190.74 < 0.001 0
Control percentage male 12 0 100 56.1 -0.007 -1.34 0.210 186.57 < 0.001 0.08
Methodological variables
Total sample size 12 49 1880 600 0.0007 3.34 0.007 105.28 < 0.001 0.54
Mean age difference” 11 —42.1 10.7 —7.7 0.005 0.45 0.662 230.31 < 0.001 0
SD of age difference” 9 -1.1 1.04 -0.2 0.094 0.23 0.822 186.30 < 0.001 0O
Percentage male difference” 11 0 50 9.0 0.012 091 0.384  200.70 < 0.001 0
NOS total score” 12 1 6 4.6 0.161 1.26 0.237 23042 < 0.001 0.07

k = number of studies; min. and max. = minimum and maximum values of the moderator variable; b; = regression coefficient of the moderator; t = statistic for
testing the significance of the moderator; Qg = statistic for testing the model misspecification; R~ = proportion of variance accounted for by the moderator. Bold
type highlights the moderator that reached statistical significance. "Standard deviation (SD) of age difference = age SD of cases minus age SD of controls.
“Mean age difference = mean age of cases minus mean age of controls. ‘Percentage male difference = percentage of male of cases minus percentage of males

in controls. ‘Range of NOS total score: 0-9.
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REporting of Genetic Association studies (STREGA) State-
ment was published in 2009 [64] as an extension of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [65] and was specifically designed
to enhance the transparency of the reports of genetic as-
sociation studies based on observational designs. While
all 10 studies were published afterwards, none of them
has followed these international recommendations. Sec-
ondly, the scarce number of included studies limited the
ability to identify potential moderators of the association.
In our attempts to explain the large heterogeneity ob-
served, only two methodological characteristics were
identified as moderators of the TL-SUD association. How-
ever, other factors have been previously described (e.g.
childhood adversities [66], exposure to other stressful
events [67], cigarette smoking [29], physical [7-12] and
psychiatric comorbidities [13—19]). Moreover, concerns
about the impact of different measurement techniques
and variability in several critical methodological steps in
measuring TL which may vary between cases and con-
trols, such as sample type selection, protocol of sample
collection, storage, processing issues, the lapse of time be-
tween sample collection and analyses and assay proce-
dures, among others, have been recently published [68—
70]. As a consequence, in an effort to improve the quality
of telomere length research, a checklist of the minimum
critical information necessary to enhance reproducibility
between laboratories, reliability and methodological rigor
has been proposed [70]. Thirdly, small study effect is sug-
gested by our analyses, such that the most precise studies
(i.e. with large sample sizes) were those that exhibited a
very weak TIL-SUD association, whereas studies with
small sample sizes were those that obtained the largest
TL-SUD associations. Fourthly, all were case—control stud-
ies except two studies (with three analysis units) that
were cohorts in design but used a nested case—control
analysis [53,71] with TL measured at a single point in
time. Only one of the latter, the Heart and Soul Study
described in [53], measured TL in a prospective manner,
although the median absolute change in TL was not sig-
nificant between alcohol consumers and abstainers after
5-year follow-up.

At the review level, the analyses were based on unad-
justed effect estimates. Using unadjusted effect estimates
in place of adjusted estimates can lead to biased estimates
of meta-analytical parameters, such that the results must
interpreted with caution. Another limitation was that the
scarcity of studies limited subgroup or stratified analyses
of individual substances. In addition, the results of the
analyses must be interpreted with caution due to the large
number of moderating variables analysed and the small
number of studies meta-analysed.

Finally, the causal nature of the association between
SUDs and TL needs to be interpreted with caution, due

© 2020 Society for the Study of Addiction

to other potential explanations and limitations of current
research on this topic. A plausible mechanism is that
consumption of illicit drugs might misbalance the equilib-
rium of telomere addition by telomerase and telomere
attrition due to DNA end replication and other factors,
e.g. stressful experiences
[72,73]. However, this traditional causal explanation of

elevating oxidative stress
the association of a shorter TL and SUDs has recently
been questioned [74]. Telomeres are specialized structures
and their complex functionality still needs to be clearly
understood, as they cannot be considered as a passive
marker of ageing, but also as essential for genome stabil-
ity and its protection as well as implicated in its expres-
sion [1,2].

Future research should improve several aspects in
designing and reporting studies (e.g. state in the methods
sections that the TL measurements were assessed blind to
the condition of participants and to warrant that controls
pertain to the same population than cases). Longitudinal
studies are needed to establish a temporal relationship
between TL and SUDs and to contribute to the clarification
of the nature and direction of the relationship. High-quality
prospective studies with larger samples will contribute to
ascertain the complex nature of the relationship between
shortened TL in SUDs. Finally, relevant statistical informa-
tion is very frequently missing in the studies; in particular,
adjusted means and SDs. Studies should report adjusted
effect estimates to improve the interpretability of
their results.

In summary, we have demonstrated that a shortened
TL is associated to SUDs. Although noteworthy, caution
should be kept in mind when interpreting these results,
as several methodological issues may alternatively explain
these findings. If confirmed, TL is a promising marker of ac-
celerated biological ageing in people with SUDs, a potential
biomarker for prevention of premature morbidity and mor-
tality and as a viable predictor of different pharmacological
[75-77] and non-pharmacological [78,79] interventions.
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