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Background: Adverse childhood experiences (ACEs) have been associated with poor
mental and somatic health. Accumulating evidence indicates that accelerated biological
aging—indexed by altered telomere-related markers—may contribute to associations
between ACEs and negative long-term health outcomes. Telomeres are repeated,
non-coding deoxyribonucleic acid (DNA) sequences at the end of chromosomes.
Telomeres shorten during repeated cell divisions over time and are being used as a
marker of biological aging.

Objectives: The aim of the current paper is to review the literature on the relationship
between ACEs and telomere length (TL), with a specific focus on how the heterogeneity
of sample and ACEs characteristics lead to varying associations between ACEs and TL.

Methods: Multiple databases were searched for relevant English peer-reviewed articles.
Thirty-eight papers were found to be eligible for inclusion in the current review.

Results: Overall, the studies indicated a negative association between ACEs and TL,
although many papers presented mixed findings and about a quarter of eligible studies
found no association. Studies with smaller sample sizes more often reported significant
associations than studies with larger samples. Also, studies reporting on non-clinical
and younger samples more often found associations between ACEs and TL compared
to studies with clinical and older samples. Reviewing the included studies based on the
“Stressor Exposure Characteristics” recently proposed by Epel et al. (2018) revealed a
lack of detailed information regarding ACEs characteristics in many studies.

Conclusion: Overall, it is difficult to achieve firm conclusions about associations of ACEs
with TL due to the heterogeneity of study and ACE characteristics and the heterogeneity
in reported findings. The field would benefit from more detailed descriptions of study
samples and measurement of ACEs.

Keywords: early adversity, adverse childhood experiences, stress, childhood trauma, accelerated aging,
telomeres, telomere length
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INTRODUCTION

Adverse childhood experiences (ACEs) (e.g., physical abuse,
sexual abuse, emotional neglect, loss of a close family member)
are a large societal problem, often with long-lasting health
consequences. Previous research has shown that ACEs are highly
prevalent. In the general population, more than half of people
retrospectively report at least one, and more than a quarter
two or more, types of ACEs (Felitti et al., 1998; Dube et al.,
2001). In addition, ACEs are found to be related to poor
health outcomes, including various mental health problems
(e.g., depression, anxiety, post-traumatic stress disorder [PTSD],
suicidal ideation), substance abuse problems, self-reported
illness, obesity, and overall morbidity (Felitti et al., 1998; Widom,
1999; Dube et al., 2001, 2003; Anda et al., 2006, 2010; Widom
et al., 2007; Brown et al., 2009; Green et al., 2010; Heim et al.,
2010; Kessler et al., 2010; Heim and Binder, 2012; Mofftt and
the Klaus-Grawe Think Tank, 2013). ACEs have also been found
to be associated with increased risk for many somatic diseases,
especially with diseases of aging including cancer, autoimmune,
cardiovascular diseases and early mortality (Felitti et al., 1998;
Brown et al., 2009; Rich-Edwards et al., 2012; Kelly-Irving et al.,
2013; Tomasdottir et al., 2015). Although it is largely accepted
that ACEs increase risk for poor health outcomes, mechanisms
of the association are still not fully understood (Moffitt and the
Klaus-Grawe Think Tank, 2013).

Following a pioneering study by Epel et al. (2004), research
on the association of stress and telomere-related processes
has rapidly emerged. Accelerated cell aging—indexed by
altered telomere maintenance—might be one mechanism that
partially explains the association between ACEs and long-
term health complaints. Telomeres are repeated non-coding
deoxyribonucleic acid (DNA) sequences—TTAGGG nucleotide
tandem repeats - at the end of chromosomes, protecting
the coded sequences (Blackburn, 1991). Telomeres shorten
during cell division, caused by an incomplete replication of the
chromosome ends (Blackburn, 2000, 2001). When telomeres
are critically short, cells become genomically unstable and can
malfunction in cell-specific ways (Blackburn, 2000). Telomeres
tend to shorten with age, which makes telomere length (TL)
an interesting marker of biological aging (Cawthon et al., 2003;
Blackburn, 2005; Aubert and Lansdorp, 2008; Takubo et al.,
2010). Interestingly, shorter telomeres are correlated with several
psychiatric disorders (Lindqvist et al., 2015; Schutte and Malouff,
2015; Darrow et al., 2016; Ridout et al., 2016; Li et al., 2017a; Epel
and Prather, 2018), somatic diseases (Honig et al., 2006; Willeit
etal,, 2010), and early mortality (Cawthon et al., 2003).

A fast-growing body of research describes the association
between ACEs and TL over the life course. Various reviews in
the broader context of the association between stress and TL
have recently been published focusing in detail on early life
stress and telomeres (Shalev, 2012; Price et al., 2013; Ridout
et al, 2015), perceived stress and TL (Schutte and Malouff,
2014; Mathur et al,, 2016), childhood exposure to violence and
TL (Moffitt and the Klaus-Grawe Think Tank, 2013), violence
and telomeres (Oliveira et al., 2016), caregiving experiences and
telomeres (Blaze et al., 2015), and psychosocial factors and TL

(Starkweather et al., 2014). Additionally, recent meta-analyses
describe the association between early life adversity and TL
(Ridout et al., 2017), childhood trauma and accelerated telomere
erosion (Li et al., 2017b) and childhood psychosocial stressors
and TL (Hanssen et al., 2017). Overall, these analyses reported
negative associations between ACEs and TL with aggregated
small effect sizes [Ridout et al. (2017) Cohen’s d = —0.35;
Hanssen et al. (2017) r = —0.082; and Liet al. (2017b) r = —0.05].
Epel and Prather (2018) summarized the current empirical
evidence, concluding that “these meta-analyses demonstrate the
robustness of the association [childhood stressors and telomere
length] across published studies” (p. 5). However, all three meta-
analyses reported a high between-study heterogeneity of effects,
which they tried to explain in further moderator analyses. In
their moderator analyses Ridout et al. (2017) showed “that
differences in developmental timing of adversity exposure and
comorbidities likely contributed to the heterogeneity” (p. 12),
Li et al. (2017b) concluded that “the heterogeneous feature of
childhood trauma may be one of the major potential sources
of heterogeneity in outcomes” (p. 68), and Hanssen et al.
(2017) found greater effect sizes for categorical compared to
continuous measures of stressors, and for shorter durations
between stressor and TL measures. Hence, a possible explanation
for the observed heterogeneity in findings are attributes related
to the characteristics and measurement of stressors. A deeper
understanding about the different aspects of ACEs might help to
explain the diversity in reported associations.

Epel and Lithgow (2014) stated that research must form a
“common knowledge base and taxonomy for describing stressors
and stress responses” (p. 11) to bridge the gap between basic
and clinical research on aging and stress. Epel et al. (2018)
further pointed out that “a large but disjointed literature shows
that stress affects slow-acting biological processes in the brain
and body, accelerating diseases of aging” (p. 146), but that
despite this agreement one major barrier that prevents research
progress is the “lack of consistency and thoroughness in stress
measurement”(p. 146). This lack of a common knowledge base,
consistency and thoroughness in stress measures can also be
seen in the field of early life stressors and childhood adversities.
Specifically, these conceptual issues lead to a large heterogeneity
of reported prevalence and incidence rates of early traumatic
stressors and ACEs (Heim and Binder, 2012; Moffitt and the
Klaus-Grawe Think Tank, 2013). It can also be seen in the
reviews and meta-analyses discussed here that use varying stress
-frameworks but overall overlap to a great degree in their
included studies.

In search of a common knowledge base and taxonomy, Epel
et al. (2018) proposed a working model focusing on stress as “an
emergent process that involves interactions between individual
and environmental factors, historical and current events,
allostatic states, and psychological and physiological reactivity”
(p. 146). This model comprises different research perspectives
on stress and introduces a more precise language for describing
stress measures. Within this framework, stress consists of an
exposure within in a specific context that elicits a stress-related
response. Stressor exposure characteristics (SECs) are defined
along different dimensions: timescale for stress measurements
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(acute, event-based, daily, chronic), developmental life stages
of stress exposures, stress assessment windows (measurement
timeframe; proximity of assessment to the stressor in years), and
stressor attributes (duration, severity, controllability, life domain,
target of stressor, potential of the stressor to elicit harmful
response). However, it is unknown to what extend the proposed
SECs can be applied to a diverse body of literature focused on
ACEs and TL.

Therefore, the main aim of the current paper is to review
the fast-growing body of literature on the associations between
ACEs and TL order to find explanations for the heterogeneity in
findings. The included sample of studies will be reviewed based
on important study design characteristics and the SECs proposed
by Epel et al. (2018). This will help us to better understand the
complex relationship between ACEs and TL.

METHODS

To be included in the current review, studies had to report on
ACEs, assessed by means of a questionnaire or interview, on TL,
and on a statistical measure of association between these two.
Hereinafter, ACEs are defined as the broad array of harmful,
perceived traumatic stressors during a child’s development before
the age of 18. This includes childhood traumatic experiences, all
forms of childhood maltreatment including abuse and neglect,
and childhood exposure to violence, and the combination of
these factors with further potentially harmful circumstances.
Multiple search methods were used to avoid biased retrieval
of studies (Rosenthal, 1995). First, a computerized search of
relevant databases was conducted: PubMed, PsycInfo, Web of
Science, and Google Scholar up to the 26th of April 2018.
The following key words were used in varying combinations:
“childhood adversit*,” “early life stress” or “childhood trauma”
and “telomere length.” Second, the combination of several
instruments reported in the papers to assess ACEs with “telomere
length” was examined: Childhood Trauma Questionnaire [CTQ]
(Bernstein et al., 1994, 2003); Childhood Trauma Interview [CT1I]
(Foote and Lovejoy, 1995); Adverse Childhood Experiences
[ACE] Questionnaire (Felitti et al., 1998); and the Early Trauma
Inventory [ETI] (Bremner et al, 2000). Third, reference lists
from relevant reviews on the association between ACEs and TL
(Shalev, 2012; Price et al., 2013; Ridout et al., 2015, 2017; Oliveira
et al,, 2016; Epel and Prather, 2018) were examined for possible
additional studies. Finally, reference lists of all included papers
were checked for potentially relevant additional articles. One
eligible paper by Schaakxs et al. (2015) was excluded, because
another paper from the same research group (Schaakxs et al,
2016) used the same sample.

A total of 38 studies were eligible for inclusion in this
review. First, we collected information on the following
sample characteristics: sample size, sex, age (of the sample),
sample origin, study design (cross-sectional [case-control],
longitudinal), sample composition, telomere assay approach,
and covariates. Additionally, we collected the following ACEs
characteristics: questionnaire (specific instrument [e.g., CTQ],
modified specific instrument, item, score, total score), and

age at adversity exposure. Further, ACEs characteristics were
assessed using the proposed SECs defined by Epel et al. (2018).
This included: timescale of the used stress measurement (i.e.,
acute, event-based, daily, chronic); developmental life stages (i.e.,
childhood only, adolescence only, childhood and adolescence);
stress assessment window (i.e., measurement timeframe [e.g.,
retrospective or prospective]; proximity of assessment to the
stressor in years [i.e., duration in years between exposure
and assessment]); and stressor attributes (duration, severity,
controllability, life domain, target of stressor, potential of the
stressor to elicit harmful response). For a detailed definition of
the SECs, please refer to Appendix A. “Stress typology for stress
measurement” within the model proposed by Epel et al. (2018)
(p.163). Moreover, main findings of the ACEs-TL association
were summarized and coded (shorter, none, longer, mixed). In
a second step, studies were grouped into categories: sample size
(<400, >400), age (<25, 25-45, >45), sex (male, female) and
population (clinical vs. non-clinical) and reviewed regarding
their overall findings.

Information regarding sample characteristics, ~ACEs
characteristics and main findings are presented in Table 1.
Further information regarding main and sub-findings are
presented in Table 2. Additional supplementary characteristics
including the type of adversity and nature of the ACEs-TL
association are provided in the supplementary materials
(Supplementary Table 1). Information was extracted and coded
by the first author (DB) and double checked by one of the
co-authors (Dd’H). Differences in extracted information and
coding were solved by further discussing these issues.

RESULTS
Study Characteristics

A total of 38 studies were included in this review based on
the criteria of eligibility defined in the method section (for an
overview see Table 1). Sample sizes of included studies ranged
from 31 (Tyrka et al., 2010) to 11,670 (Cai et al., 2015). Most
studies (N = 27) reported on TL in both males and females, seven
studies examined only females (Surtees et al., 2011; Malan-Miiller
et al., 2013; Cai et al., 2015; Mason et al., 2015; Levandowski
et al., 2016; Oliveira et al., 2017; Mitchell et al., 2018), and three
studies examined only males (Mitchell et al., 2014; Boks et al.,
2015; Bersani et al., 2016; Osler et al., 2016). The included studies
covered a wide age range of study participants at TL assessment
from 5 years (Shalev et al., 2013; Drury et al., 2014) to 93 years
of age (Schaakxs et al., 2016). Almost all of the included studies
(N = 32) are of North-American or European origin, except for
six studies that were conducted in Brazil (Levandowski et al.,
2016; Oliveira et al., 2017), China (Cai et al., 2015), South-Africa
(Malan-Miiller et al., 2013), and New Zealand (Jodczyk et al.,
2014; Shalev et al., 2014).

Reviewing the design of the studies, all studies, as
defined within the inclusion criteria, had to report on TL
at a minimum of one time point, and thus were able to
associate ACEs and TL cross-sectionally. Of the 38 studies, 14
used a cross-sectional (case-control) approach to investigate
differences in TL between groups (e.g., abused vs. non abused)

Frontiers in Neuroscience | www.frontiersin.org

May 2019 | Volume 13 | Article 490


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Adverse Childhood Experiences and Telomere Length

Burgin et al.

(panupuoo)
osioIexe
‘desys ‘Buiows $108[gNs [013U0o
*as0on|B ‘spidi| wniss “SA J8pIOSIP
9Q1>) ‘ainssaid pooiq ‘INg ApIXuy HOYoD
pousd poouypjiyo oluoIyO 24008 [€]0} ‘UONEOIPBW OLYeIyOASd a1foosna)| 0002 YieaH (jou00-85E9) w/Ge /19 010z
Jopoys X X X e anoadsolley S0UM  ‘peseq-lueng  9i> ‘swey| ‘Aipiqiowon ‘4odb  [eoiBojoiwepid]  [eUonoss-SSoID puelu4 (09°21) 8'6Y /6 =N ‘[e 1o usueuey
(SaHO) Apms
wewdojereq
pue yyesH
21008 [e}0} YoINyoIsuyy
©Q1>) {(pow) S1O ‘Hoyoo sefew pue
poued pooypiiyo oloiyo ‘Iad UHIG ¥ S3S Allley apfooyne| - yuIg [euIpnybuol puejesz 0e-8¢ sofewsy 7102
auou ¥ X X S0 anoadsollay S0YM  ‘peseg-luang 9L ‘spodey pue Ayoluue ‘xes ‘HOdb ‘paseqg-uoneindod  [eUONOSS-SSOID -MaN :abuey 119=N “[e1exkzopopr
sdweo
Jauwiwns pue sis||
Buirew jooyos
(B1—1 | ebe) BIA POYINIOS) BOIR
poed  sjueossjope oIy gS-0380 ueaungns Jebue) (Go'1)  wser'0o9  8loz 18
Jopoys X X X 0 oN0sdsoeY  pue USIPIYD  ‘PISEQ-IUSAT 61> SA-SvId xos pue ‘obe ‘NG BAI[ES ‘4O WOJ) 90USOSSIOPY  [BUONOSS-SSOID vsn 16°Gh 80} = N ONUM-Louens
(0ss/ve) esnqe
[eNxas
(ovs/0e)
pousd (vN) pooypiyo oJuoIYo akooyne|  esnae [eolsAyd (jou00-88ED) WN 0L02
auou X X X WN anoadsolley S0UM  ‘peseqd-lueng YN swa)| Buisows ‘NG ‘xes 8By 110jg Weuinos  (p/81/6Z1) IND  [BUONOSS-SS0ID SN VN  p/8L=N  lessen
aoes
(e ‘uondaouoo plIyo e
pouad  G) syusose|ope oluoIyo obe [eyuaied ‘uoneonpa s||90 6'2) w Ly ‘468 102
Jopoys X X X 0 anjoedsoney  PUB USIPIUD  ‘PaSE]-IUSAT Gl> (‘pow) Vdvd  [euserew Jepueb 'eBy  [800Nq :YDJD  selliue) sl UBIH  [BUONOBS -SS0I) vsn 2oL 08=N "l Aing
Ing pue
‘lans| Aynnoe [eoisAyd
uaUNo Kuoisly Buisiows
81>) ‘S10}08} pojelel-UesH
pousd pooupjiyo oluoIYO ‘aWOooUl JUBLND  §][80 [e0ONq sjuspnis (91 wol 'z 2102
pexiw X X X 2z anoadsolley SI0YM  ‘peseg-luang  glL> s30V ‘Auoluyie Uepuab ‘aby ‘HOdb  elenpesBiepun  [BUONOSS-SSOID vsn 02 8/=N ‘“[ee uebeg
(81>) Sj04U0D
poued pooypjiyo olUoIYd payorew-Ayouyle ayfoosna)| (sj03u09) 02 (jou00-8s€0) elL0)  wglLYyge 7102
pexiw X X X 8L anjosdsoley S0y ‘pesed-jueny  glL> S30V pue -xes ‘oby HOdb (Qaw) 0z [euonoss-ssoi) vsn 9¢ oy=N  “lleUusayD
©1>)
poued pooyp|Iyd ooy BAleS aan o J0L9°HL
Jepous X X X YN anjoedsoney SI0UM  ‘Peseq-ueng  9i> 21005 YN "HOdbAPNIS IDHIANOO  [BUONISS -§S0I0 euyo YN 0L9'HL =N GLOZ e 18 20
UoleoIpaW
10 ‘WyBlem ‘yibus|
“Sues Areyjiw ‘Busjows
eneseblo ‘uondwnsuoo ainsodxe
81>) |loyoole Uspush 1equiod Aseyjiw
pouad poouypjiyo ooy ‘abe ‘[erselul BLUIL apkooyna| as1d) (16 w g6 40 SL0Z
auou ¥ X X 6 anoadsolley O0UM  ‘peseq-jueny  gl> YS-113  ‘lenel IAuyew suljeseg ‘Yodb  eduies [eouy [eUIPN)BUOT  pUBLBLIBN 0.2 B=N “le Jo syog
(syuedioiped /1
Ajuo
81>) S|03U0O Ayyeay D.10) (s|onuo0)
pouad pooupjiyo oluoIYd payorew pue gan enles Se=u (jonuoo-ase0) (2er)  wegv9 SL0Z
euou X X X 0 anjoedsoley SI0UM  ‘Peseg-iueny  gl> ©LD  ‘OWNnjoA ufeiq [ejoL HOdb (@A) gz =U  [euoRoss-ssoI vsn g'gL LLL=N Rl WOg
(@aw +asid) 2+
‘asid) st
81>) Aouge ‘(Aupreay) Ly
poued pooypiiyo 2IUOIYO pue sjuesseaidepiiue  sejfoonueld :s100l0ns (lonuoo-ase0) wg/ o 9102
Jeyoys X X X yAS anpoadsoney S0UM  ‘peseq-ueny  glL> gs-113 ‘IINg 9By 'HOdD pesodxe-jequio)  [eUOoss-SS0I) VSN (LH6) v9ve 9L=N "[e luesieg
urewop awely sa|ess Aesse uoisodwod uibuo (Qs) ueaw Xxas ‘ozIs
T1-s30V lenuajod 1eBiel ey Aujgejjonuo) AuieAss  uoneing Apwixodd awip abeys 9y awil oby aseuuonsany Sajellen0D alawojaL a|dweg uBisag a|dweg ‘aby 9|dweg  saouatayay

MOPUIM JUBWISSBSSY

sbulpuiy

sonsualoeleyd 3oV

sonsualoeleyd Apms

"SOljSIB}ORIBYD JOSSBAS puUe APNS | | 319V.L

May 2019 | Volume 13 | Article 490

Frontiers in Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Adverse Childhood Experiences and Telomere Length

Burgin et al.

(panunuod)
S|04U00
7 PUE (ewnes}
PooYPIIYD BldiNL
(G1>) M gL = u)
poued pooypiiye oIy uojeonps ‘Busiows afooxna)| as.1d oo (jonuoo-asE0) (') wepy'isy LLoz “le1e
Jepoys X X X X X X 9L anoadsoley SOUM  ‘pesequeny  GlL> (‘pow) 081 ‘IINg 'xes ‘oby "Odb  yimSsHNpe gy [BUOROBS-SSOID vsn §s°0e 88=N  UBAOUOQ.O
(SMo4)
Apmis Buieqiiem sfog
pouad 01>) 2IUOIYO ng enles O pue (lonuoo-ese0)  UBOUBWY w oy 40 102
Jeyoys X X X X X X 0 anoadsoney pooypIyD  ‘peseq-jueny  0l> (pow) S10  ‘yuiq 1e ebe sJeujop ‘HOdb  seljwes sfesy  [eUONOSS-SSOIOUBDLY VSN 6 OV =N “[e1e [Ieyon
swoidwAs anissaidap (DNMNSO)
pue Buiows Jeus)y
‘es|olexs ‘INg ‘shiels [e2Ip8A| JaUXBAN
Q1>) [EIIEW ‘[9A8] UONEONPS Aysienun e1e1s
poued pooupiIyo ouoiyo ‘800Ul ‘ployesnoy SONGd OO 8u) woy (22 wo'is 8102
auou X X X X X X ] anoadsolley O0UM  ‘peseq-lueny  gL> [olle) JuaLIND ‘a0el ‘aby ‘4Odb usWom JueuBald  [eUONO8S-SSOID vsn 8y'Ge L8=N “[e10 IBUONIN
81>) (SHSN)
pouad pooyp|Iyo oIy swoldwis enssaidep a1f00¥na| Apmig ifesH pue 9 WyLG 1v6eS 102 “le1e
Jopoys X X X X X X 82 anoadsolley O0UM  ‘peseq-jueny  glL> OH1 “apuab ‘eBy ‘YOdb  SSalS B|IAUSEN  [EUONOSS-SSOID vsn 9GSy  8OL'L=N puepe4on
09 ebe aJojeq Aypiquow
@©81>) [eyuesed ‘uoirednooo ISHN) II Apris
pouad poouypjiyo oluoIYo S3S  [eweded ‘uojeonps olf00Mne|  YljeaH ,SesINN (1'y) wo'isel't SL0Z
pexiw X X X X , X 82 anoadsolley S0YM  ‘peseg-luang  glL> 'S1O [eesed pue umo ‘aby ‘HOdb paseqg-uoeindod  [eUONOSs-SSOID vsn SSr  SELL=N
asnae (oyoofe
‘ABojoyewo}dwiAs
Sg1d ‘seousiadxe (821/99) ewnes|
@©1>) S} dlewnes pooupIuD 8'6¢ = UesN
poued olUoIYd ‘adfigns-ewnesy SONgd (8z1/e8) (jou00-8589) 058k woO0Y8gl €Lz Ew
euou X X X X X X 2z anoadsolley SI0UM  ‘peseg-lueng  gl> 4S-D1O  ‘IINg ‘uoneonps ‘eby HOdb OMYSOd-AIH  [EUONOSS-SSOID) BOUJY-UINOS :abuey 82 =N JlNIN-UBeN
(sjosuo0o
passaidap-uou)
.G ‘(sisoubelp
uol-ssaidap
Auenbal asiolexa Jus28l)
leaisAyd ‘siexows 2€¢ (1yvd)
INg ‘uoieonpe Apnis Hoyoo 9v = Ueipey
poued poouypjiyo oluoIyO 21008 )0} 'X8S 'SOSESID OJBWOS eAlles paseqg-uoleindod (jou00-85B) 09-82 W +0g 4065
pexiw X X X X X X 8z anjoadsolley OOUM  ‘peseq-jueny  glL> ISWBY|J0 Jaquinu ‘joyooe oy HOdb [EUIPNYBUOT  [BUONOBS-SSOID uepemg :abuey ¥68 =N L10Z “[e 10 N
6y =uval
(ve = U) »OVHO
e6=u) (v2)
B81>) S13-MOVHO €89 TU0Q
potied pooypiiye oIy INg PPO0q :UORIIPPE BUIBI0O (josyu00-8sE0) e€2)  woleLt 910z "[e1e
Jopoys X X X X X X mn anoadsolley S0YM  ‘peseg-jueng  glL> DLO ‘9] [euoieonps ‘aby HOdb 50BID  [BUONOBS-SSOID lizeig 9'8g :1sANS 9/L =N bismopuers
Buuonouny feaisAyd
pue [ejusw pue
‘uoissaidap ‘uonenys (sjosuo0o
81>) [EIoUBUY PBjen|ens-Jias Auyeay) 86 ‘(aSLd
pou ad pooypjiyo OlUOIYO ‘UoeoNpa 190 [e0ONG  INOUIM JO YIM (jouoo-8sE9) o109  we9 s 9102
sebuol X X X X , X 95 anoadsolley S0UM  ‘peseq-lueng  gl> 45010 1O s1eak ‘xas ‘aby HOdb ‘Sialoge| piIYd) 29 [EUONOSS-SSOI)  PUBHSZIMS 7 0Zk=N  “[e1edeyny
(luene
8SIoNDE) ZEL /1L
81>) snye}s Buinbaleo ‘esn ‘(esnae) zeL/zh
poued pooupjiyo ouoIyO 21008 [e10} [0Uooe ‘doals ‘esiolexe SONEd  S108[gns [03u00 (Pr'ol)  w/e'56 1102 “le 1
Jopoys X X X X X X 25 anoadsolley O0UM  ‘peseq-lueny  gL> ‘010 ‘ING ‘xes '9By  ‘]0jq UIBUINOS  "SA SieniBele)  [euoIj08s-SSOI0 vsn 1'69 2EL =N Jlosen-1ooery
ulewop swely sajeas Aesse odwoo uBuo (gs) uesw x9s fozis
q1-s30V [enusjod 196iel oy qejlosuoy  Mueasg  uoneing Apwixold £l obeys oy swiy by sajeneno) alawoja) sjdwes uBiseq ojdwes ‘aBy o|dwes  saoualsyey
seInquye Jossang MOPUIM JUSISSASSY
9j0B1RY0 APNIS

penuiuo) | k 31GvVL

May 2019 | Volume 13 | Article 490

Frontiers in Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Adverse Childhood Experiences and Telomere Length

Burgin et al.

(panunuod)
(N/-dx3)
962/80} ‘eldwes
[eaiBojolepide
pouad 10 1esgns ‘Apnig
aAjoadsosal 21008 [B]0} (s1g-3) sty ol :dn
+ [euipnyBuol (01-s QluoIyo ‘SLB) ‘MaInIBIUI S[0  -fejuBLULOIAUT -mojlo4 W Oz} 19kt €102
Jopoys X X X X X X 0 ‘enoedsoid ebe) pooupiyd  ‘peseg-ueng [0l gl [BOIUID (1O SIS ‘IING Xes @By [eoong :yOdb peseq-uoneindod [eUPNYIBUOT MN G euleseg 9€Z=N “[e1eroRuUS
Sjuene 810U IO
B8UO %t'eg ‘9ouo
1ses| Je esnqe
POOUPIUR %3 7
‘(0asan)
91>) suosJad Jepl0
pouad pooyp|iyo ojuoIyo oseasip a1fooyna| Ul uoissaidaq Jo (¥'2) we/ll 'tege 9102
paxiw X X X X X X fele} oAloedsoney SIOUM  ‘PeSEQ-UBAT Q| > 21005 oluoiyo ‘ebe ‘xes ‘HOdbApPNIS spuepaylsN  [eUOI08S-SS0ID) SPUBLBUISN 9'0L 967 = N [e 10 SX3{EBY0S
|l sa1eqep
‘NG ‘exoais pue
aseasip Lesy Areuoioo
‘fuenjep 1e obe
90US0Ss|0pE S,JAUJOW PUE UONeonpa
pue pooypjiyo o+ S, euey ‘loyoore
uonewLol  “ypjiyo Apes ueipauw) ‘uoljeoNpa ‘Uoissaidep Apnig woyon
aAlyose ‘poliad  + Pooyp|IYd ouoIyo  Bwl  OIL‘PUBUL  USPIOSIP [EJUBW ‘YNO alfooyna| yuig puisisH (62 Wy/99/18  7L0Z 10
pexi X X X X X X 2r+0  enoedsoney SIOUM  ‘POSEG-IUBAT  BJ BAILOIY [BUONEN 10 X038 ‘xes ‘aBy ‘4Odb ‘paseq-uonendod  [BUONO8S-SSOID puejuly S19 98K =N usueloneS
uonsodwoo cl1-8 =
2)£003N8| PUE SNjElS abuey
skep 95 €18 81008 [euoieonps jusied afoosne| G weli=8z 9102
Jepouys X X X X X X 0 Joj sBupes Ajreg 9Be) pooypyd  oluoiyo Aied e ‘gl 610} 181008 INg Jepusb ‘aby ‘HOdb peseqg-uoiendod  [UORO8s-SS0IO vsn €Lk 6e=N "[ejeseqoy
S/0AJU0D
Ayyeay g1
(81>) pue elusiydoziyos
pousd pooypjiyo oluoIyo sejkooyduwiAl S-INSa (jopu00-858B9) (86) weeyLe 8102
paxiw X X X X , X ford anoadsonay Sl0UM  ‘paseq-lueny  glL> 113 aby ‘HOdb  uyumsHnpe gy [eUOROBS-SSOID 60V 99=N  “REPfemy
oengsy
©1>) ‘dn-mojjo4 w9g6
pouad pooyp|iyo oluoIYD d9 ‘sepuadA|buy 21£003N8| (dn-mojjoy Jeak-g) (el 8Ly 4056+ 910z
paxiu X X X X X X 9z O>;O®QWO&®W_ B8JOUM  ‘Peseq-lueng 9| > 11O ,mc_v_c_.r_m ‘obe .me WIOn__U UWmMQ.EO:m_JQO& el _UJ:@COI_ SpuepsyisN Bulleseg 9€6'2=N “ele zsersy
SIlYLEe pue
‘swisjqoud ouyelyohsd
‘a¥j01)s ‘aseasip Leay sjuepisel
‘eseasip Bun| Yeoueo SN 000'92<
‘sejeqelp ‘einssaid 10 adwes
poojg ybly ‘suonpuoo onyejussaidas
[eolpaw ‘Buiows ‘NG [leuoneu
gL>) ‘snyejs diysieuped (penyoads ‘leupnyibuol 06-0S w
poued pooypjiyo 2IUOIYO JuauNO ‘uoneonpa  jou adA} ||190) :ApNIS JusWIeY ebuey /81 4v2l'e 9102
Jspoys X X X X X X 25 aAnoedsoney SIOUM  ‘POSEQ-JUSAT 8| >8I00S [B]0} ‘SWd)| ‘xas ‘Ayoiuyie ‘eby  enes ‘yodb pue YllesH SN [BUONOSS-SSOID VYSN 0/ :ueipsiy 86GY = N “[e 18 Ueulising
(81>) Brey pue ybrem Hoyod
pouad pooypjiyo OlUoIYD Apoq ‘INg ‘sifisay 81£003n8| -yuiq ueyjodonaw wze 40 9102
Jopoys X X X X X X 8¢ oAnosdsoney SIOUM  ‘POSEQ-JUBAT g >8100S [E]0} ‘SWSY PUE ‘SSSEssIP OluoIyD) ‘Yodb usbeyuado)  [eUOI08S-SS0ID spewusq 95 ¥2e=N “[e 18 Ja|sO
uoneonps aiow
10 AIepuooss yum
| pue uoeonpa
91>) Kiepuooes
poiad pooupie ouoIyo |oyoofe ayfoodna] ue ssa| v1-59 wo'jes /102
JeBuo) X X X X X X S oAloadsonay SIOUM  ‘peseq-juang gl > swiey| Jo asnqe [ejuaied ‘eby ‘HOdb  YUM USWOM g [eUONO8S-SS0ID :obuey e8=N "[eloeleNO
urewop sweyy so|eos Resse uibuo  (as) ueaw xos ‘azIs
q1-s30V [enusiod 39Biel 8y Aupgejonuod  AueAass  uoneunq Apwixoid awnp abejs oy swny 9By aseuuonsand sojelenod asswolaL ubisaq ajdwes ‘oby o|dwes  saoualRlRY
sajnquye 10ssalg MOPUIM JUSLUSSISSY

sBuipuiy

sonsuaoRIEYD OV

sonsualoeIeyd Apnis

penuiuo) | k 31GVL

May 2019 | Volume 13 | Article 490

Frontiers in Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Adverse Childhood Experiences and Telomere Length

Birgin et al.

‘(sieak G| Juedjoied jsepio) sjuedjoluied jo ebe ayj i} dn ebuey o
"sebe ueaw pejybiom,

“BOLBWY JO

S81BIS PaNIUN VSN ‘wopbuly paiun ‘YN ‘yibus) saiewofe] 11 SIpMosyo seousLisdxe opewnel} ‘O3 AUy 8SeIawoB] YL 8l Al1es Ul SJusAs sl NjSSais ‘JS [Hodal-jjes ‘YS {Wo) LIoyS HS Sniels dIuoUu0980/00S ‘S3S U0oBa. UBLYO
aselowiAjod anneyuenb ‘HOdb Lsp.iosip sse.s onewnesod ‘gSid S|eo seajonuouow poojq [eseydued ‘DNgd uswssesse oLelyofsd ebe jooyoseid ‘dvd ‘Juswnisul Buipuoq [eiusied ‘g4 Siusas 8yl enjebau pooyynpe ‘JIN
‘elqelien. Jou ‘wN ‘spuedioied Jo Jequunu N palipow “pou J8pIosip eASsaldap Jofew ‘Gapy ‘efew ‘w yibus| asewofe] 81A00xne| 117 ‘Siuere Buiusiea.y) JO 1SI ‘G177 ISIHO8YD 10SSallS 8jl ‘DS Lepusfed AIoisiy ajl ‘OH ‘Siepiosip
Buizireussiul “sip iUl fadreuuoisenb saousiadxe 8l pue yiesy OIFTH ‘S|04u0d Ayyesy ‘OH Snu Aousioyepounuiwl uewny AIH ‘efewsy ‘) pesodxe “dx3 ‘Aiojusul ewnel) Aues ‘113 ‘ssess ey Ales ‘ST3 ‘ejdoad Ausple ‘g7 ‘ebe
uongfyiew NG ‘ebe WyNQ ‘ploe 218jonuoqLAXosp ‘NG ‘UOISIBA WIOIA-8]BOS UOISSaIbbe 108.1pul pue 1081 ‘SA-SYIJ ‘9[e9S SOIoE] JoIU0d ‘SO ‘alreuuoisanb ewinel) pooypliyo ‘.10 ‘Maireiul BLlunel) pooypliyo ‘110 ‘aireuuoissnb
SeouBLIBdXa [BI00S S,UBIplIyo IS ‘Bsnqge [eaISAYd Py V4D ‘JusuiiealleLl pooyplIyo ‘WO “Alsierpe pooypliyo ‘v [Yibus] aiewoje] [ja0 [eoonq “11g ‘einssaid poojq 4 xepul SSew Apoq ‘NG ‘SeousLiadxe pooypjiyo 8SieApe ‘SIOY

Hoyoo
[eoibojolwspide
©Q1>) [BUSHUM 8U}
pousd pooupjiyo oluoIyo Jo ejduresgns e o(G'9) w9t yL9L r102
Jeuoys X X X X X X I anjoedsoney SI0UM  ‘peseq-lueny  9i> well NG pue S35 8By ONGd *HOJD APNIS UBOS LesH  [BUONOSS-SSOID N 2e9 eee=N e 18 1iez
8L>) (peyoads  s108lgns [03U00
pousd pooypjiyo OlUoIYD j0u 8dAy [j89) Q0L PuE SpoBlans (Gorgl)  w /L €0k 2102
pexiw X X X X X X ) anjoedsoney SI0UM  ‘Paseq-iueny  gL> 010 xes '9By  poojq ‘HOdb  passaidap 08 [BUONOSS ~-SSOHO N 0s 08L=N '"[e18 1UsOuiA
uoissaidep
JUBLINO %/G
‘sieplosip Aaixue
pue anIssaidep
JO $90UBNDASU0D
UoNEONpPS ‘esiolexe ppue 8sIN00
Q1>) ‘asn [oyoole ‘Buiiouwss ay) Buluiwexs
pousd pooupjiyo ooy ‘INg ‘uoissaidep apkooyna| Apnjs Hoyoo (Lew 986 4056t GLOZ e 18
auou X X X X X X 92 anoadsolley O0UM  ‘Peseq-lUaA]  9L> @I00S (LD 1D ‘AlpIGiowod ‘efe ‘xeg HOdb [eUIPNIBUOT  [BUONOBS-SSOID) SPUBLBUION gLy 986'T=N UBASOUIOA
UoNEONPS ‘esiolexe
pouad [(4%9] OlUoIYD ‘Buniows ‘NG a1foosns)| (ennosdsoud) (F'LH) Wo0s 4885 GLOZ "B 18
euou X X X X X X 8% anoadsolley pooupiyDy  ‘peseq-lueng  gi> (‘pow) 317 *AMpIcowoD ‘afe ‘Xeg ‘40db paseq-uoneindod [eUIPNJIBUOT SPUBLBUIBN 1'8S  ¥60‘L = N BunquesoQ uea
L=u
Ausionpe/iepiosiq
(6 = u) Ausienpe
ou/epIosig
(99 = u) Aussonpe
/1opiosip ON
(81>) JapJosip ouyelyoAsd eLL =u)
pouad pooypjiyo oluoIyo ‘aAndaoenuod 91A00¥N8| Kusionpe (lonuo2-asE2) ‘welrL vl 9102
Jopoys X X X X X X el anjoadsolley O0UM  ‘peseq-lueny  gl> OL1D  [edo ‘Bunjows ‘eoey ‘4Odb  OU/IepIOSIP ON  [EUONO8S-SSOID vsn (zono'le 68Z=N  “[e10exhL
oL=u
ssas paneosad D 219n8S
‘338 ‘uoneonps 10 8jelepow
(81>) ‘aoel ‘|Ng ‘Bunjows Jo Aiojsiy
pouad pooypjiyo oluoIyo ‘seAldeoeljuoo 91A00¥N8| el (lg=U) (lonuo2-8sE2) we‘4ze 0102
Jeuoys X X X X X X 6 anjoedsoney SI0UM  ‘paseq-lueny  gL> 010 [BJ0 ‘X85 ‘9By ‘HOdb WO 0 AIOISIY ON  [BUO}I08S-§S0I0) vsn (1’01 6'92 =N “ElReAL
Apnmis uoneindod
oseasip Bunsixeaid MIOHON-(DId3)
‘Bupjows ‘Ayseqo Jsoue)
(1>) ‘SSEJO [E100S ‘Uieay ojul uonednseu| 08
pouad pooypjiyo oluoIyo peyodal -jjes ‘8100s apkooydwiA| BA10ads0Id —lpebuey WYLy 1102
Jopoys X X X X X X St anoadsolley O0UM  ‘peseq-jueny  /|> OITH  Yiesy [eoisAyd ey HOdb ueedoing  [EUONOBS-SSOID MO 29:UBIPON  LpR'P =N “[e 10 Seeung
‘SIp Ul
oupgg = U
SIP W e = U
‘HOYOO yuIq
‘Ao
Juswdojraq
asn pue yyesH
spouad uoljeoipaw ouyelyoAsd Areundiosipriniy
anloadsonal ‘gouspuadep uipaung gg :dn
+ eupnyBuo (Li-¢ oluoIYO aoueIsans afooxna) ‘paseq puejeaz -MOJlo4 W BES 186V vH0Z
auou X X X X X X S0 ‘anoadsold ebe) poouplyD  ‘peseq-juend [} ‘g] 21003 [ejoL ‘Bunjows 000Bq0} ‘WO ‘HOdb -uonendod leupnybuo] -MeN 9g :euljeseg JEOL=N “[e10nseys
ulewop swely sajeas Aesse uoisodwod uBuo (gs) uesw x9s fozis
q1-s30V lenuslod 196iel oy Aupgejonuod  Mueass  uoneang Apwixoid awiy obeys oy swil eby aseuuonsanp sajeneno) alawoja) ojdweg uBiseq ojdwes ‘aBy o|dwes  saoualsyey

seInquie Jossang MOPUIM JUBWISSBSSY

sBuipuly

sonsualoeIeyd 3oV

sonsueloeIeYd Apns

penujuoD | | 319VL

May 2019 | Volume 13 | Article 490

Frontiers in Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Birgin et al.

Adverse Childhood Experiences and Telomere Length

(Glass et al., 2010; Kananen et al., 2010; Tyrka et al., 2010, 2016;
O’Donovan et al.,, 2011; Malan-Miiller et al., 2013; Chen et al.,
2014; Mitchell et al., 2014; Blom et al., 2015; Bersani et al., 2016;
Kuffer et al., 2016; Levandowski et al., 2016; Liu et al., 2017;
Riley et al., 2018). Five studies measured TL at more than one
time point and were therefore able to examine TL longitudinally
(Shalev et al., 2013, 2014; Boks et al, 2015; van Ockenburg
et al.,, 2015; Revesz et al., 2016). The type of samples and the
sample composition of the included papers varied widely. Some
studies examined general population samples, such as birth
cohorts (Jodczyk et al., 2014; van Ockenburg et al., 2015; Osler
et al., 2016), whereas others had a focus on specific clinical
populations, such as on depressed patients (Chen et al., 2014;
Blom et al.,, 2015; Cai et al., 2015; Liu et al., 2017; Vincent et al.,
2017), patients with anxiety disorders (Kananen et al., 2010),
patients with post-traumatic stress disorder (PTSD) (O’'Donovan
etal., 2011; Boks et al., 2015; Kuffer et al., 2016), or patients with
substance use disorders (Levandowski et al., 2016).

Because there are different ways to measure telomere length
(Montpetit et al, 2014), information on the telomere assay
method was collected. In our sample of eligible papers, almost all
studies (N = 36) investigated TL using a quantitative polymerase
chain reaction (qQPCR). Only two papers used a southern blot
analysis as TL assay method (Glass et al., 2010; Kiecolt-Glaser
et al, 2011). TL was examined in different cell types: six papers
reported that DNA was extracted from saliva samples (Kiecolt-
Glaser et al., 2011; Mitchell et al., 2014; Blom et al., 2015; Cai
etal., 2015; Puterman etal., 2016; Liu et al., 2017; Guarneri-White
et al., 2018), and four studies used epithelial buccal cells (Shalev
et al,, 2013; Drury et al., 2014; Kuffer et al., 2016; Dagan et al.,
2017). The other studies (N = 28) extracted DNA from peripheral
blood samples. Most of these studies assayed leukocyte DNA for
TL (N = 22), four studies extracted DNA from peripheral blood
monocular cells (PBMCs) (Kiecolt-Glaser et al., 2011; Malan-
Miiller et al., 2013; Zalli et al., 2014; Mitchell et al., 2018), and two
studies extracted DNA from lymphocytes (Surtees et al., 2011;
Riley et al., 2018). Although a wide variety of covariates were
included across the studies, almost all studies controlled for age,
sex, body mass index (BMI) and smoking.

ACEs Characteristics

Assessments of ACEs varied substantially across studies (see
Table 1). Studies examined various age ranges: 18 studies
included ACEs before the age of 18 (Tyrka et al., 2010, 2016;
Kiecolt-Glaser et al., 2011; Malan-Miiller et al., 2013; Chen
et al., 2014; Boks et al., 2015; Mason et al., 2015; Bersani et al.,
2016; Kuffer et al., 2016; Levandowski et al., 2016; Osler et al.,
2016; Puterman et al., 2016; Dagan et al., 2017; Liu et al., 2017;
McFarland et al., 2017; Vincent et al., 2017; Mitchell et al., 2018;
Riley et al., 2018), one study reported on ACEs before the age of
17 (Surtees et al., 2011), eight studies investigated ACEs before
the age of 16 (Kananen et al.,, 2010; Jodczyk et al., 2014; Zalli
et al., 2014; Cai et al., 2015; Verhoeven et al., 2015; Revesz et al.,
2016; Schaakxs et al., 2016; Oliveira et al., 2017), one study
before the age of 15 (O'Donovan et al.,, 2011) and two studies
before the age of 12 (Shalev et al., 2014; van Ockenburg et al.,
2015). Additionally, six studies assessed ACEs up till the time

TABLE 2 | Overview results.

Shorter None Longer Mixed
Total association
ACEs and TL (N = 38) 18 9 2 9
ACEs and ATL (N = 5) 2 3 - -
Sub-findings
Sample size (N = 38)
<400 (N = 23) 13 4 2
>400 (N = 15) 5 5 - 5
Sex (N = 37)
Only male (N = 3) 2 1 - -
Only female (N = 7) 3 2 1 1
Both (N = 27) 13 5 1 8
Age (N = 36)
<25(N=7) 5 1 - 1
25-45 (N = 13) 5 6 -
>45 (N = 16) 7 1 2
Sample Composition (N = 38)
Clinical (N = 16) 6 5 1
Non-clinical (N = 22) 12 4 1

ATL, telomere attrition or within subject TL change.

of assessment (Shalev et al.,, 2013; Drury et al.,, 2014; Mitchell
etal., 2014; Blom et al., 2015; Robles et al., 2016; Guarneri-White
etal,, 2018). Furthermore, the eligible papers used different ACEs
assessments. About half of the studies (N = 20) used standardized
validated questionnaires or interviews to assess adversities. The
most commonly used questionnaire was the retrospective, self-
report CTQ (Bernstein et al., 1994) that was used in 10 studies
(Tyrka et al, 2010, 2016; Kiecolt-Glaser et al., 2011; Malan-
Miiller et al., 2013; Blom et al., 2015; Verhoeven et al., 2015;
Kuffer et al., 2016; Levandowski et al., 2016; Vincent et al., 2017;
Mitchell et al., 2018). The other studies (N = 18) used modified
versions of other questionnaires or interviews or used novel
items to create adversity scores (see Table 1, column assessment;
Supplementary Material, column type of adversity).

With the SECs in mind, it was shown that almost all studies (N
= 37) either had an event-based, or event-based/chronic stress
measurement timescale. The only exception was Robles et al.
(2016), who based their adversity score on current ratings of
daily emotions to family conflict. Regarding the developmental
life stage, all papers reported on ACEs before the age of 18. Most
studies did not differentiate between childhood and adolescence.
However, certain studies only included ACEs in childhood or did
differentiate between childhood and adolescence (Shalev et al.,
2013; Drury et al., 2014; Mitchell et al., 2014; Blom et al., 2015;
Robles et al., 2016; Guarneri-White et al., 2018). Some studies
used smaller age ranges (Shalev et al., 2014) or built subcategories
of their larger ranges (Savolainen et al.,, 2014; van Ockenburg
et al, 2015). Looking at the stress assessment window—in
particular the measurement timeframe of ACEs assessments—
most studies (N = 34) assessed ACEs retrospectively. Some
studies used combined retrospective and prospective assessments
(Shalev et al, 2013, 2014), a combination of retrospective
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self-reports and archive information (Savolainen et al., 2014), or
an adversity score based on daily ratings (Robles et al., 2016).
In terms of the time between the ACEs exposure and the age
at ACEs assessment, the duration varied between 0 and 56
years. Aggregating all duration measures across studies, the mean
time between the end of the ACEs measure and age at ACEs
assessment was approximately 23 years.

Regarding the six reviewed stressor attributes, almost no
information is included and specified in the included sample of
studies. First, only one study reported on the duration of ACEs
(the duration of being separated from their parents) (Savolainen
et al., 2014). Second, four studies reported on the severity of
ACEs on a continuous scale (Blom et al., 2015; Mason et al,,
2015; Kuffer et al., 2016; Riley et al., 2018). Most studies (N =
34), however, did not report on the severity of the stressor on a
continuous measure. Instead, they reported exposure categories,
defined by using self-developed items or certain cut-off scores
on continuous measures. Third, none of the studies explicitly
measured controllability on a continuous scale. Fourth, looking
at specific life-domains, no study reported on ACEs from a
specific life-domain. However, many ACEs in childhood are of
interpersonal and interpersonal-intimate nature, resulting from
multiple life domains, mainly family, peers and school. Fifth, no
study explicitly reported on the attribute “target of the stressor,”
though, most studies assessed ACEs that targeted participants
themselves, or close others. Last, focusing on the attribute
“potential of the stressor to elicit potential harmful responses,’
none of the study described in detail the qualities inherent to the
adversities that were measured.

Overall, the eligible studies reported on stressors from a
broad range of potentially harmful experiences. However, a lot
of information is unknown, missing or not specified. Therefore,
more research using a common language and taxonomy to
describe certain characteristics of stressors—in particular with
regard to ACEs—is needed.

Main Findings: ACEs and TL

In total, 18 paper reported a negative association between ACEs
and TL or higher odds for shortened TL among individuals
reporting exposure to ACEs compared to those who were less
or non-exposed (Kananen et al., 2010; Tyrka et al., 2010, 2016;
Kiecolt-Glaser et al., 2011; O'Donovan et al., 2011; Surtees et al.,
2011; Shalev et al,, 2013; Drury et al., 2014; Mitchell et al.,
2014; Zalli et al., 2014; Cai et al., 2015; Bersani et al., 2016;
Levandowski et al., 2016; Osler et al., 2016; Puterman et al., 2016;
Robles et al., 2016; McFarland et al., 2017; Guarneri-White et al.,
2018). Additionally, nine papers showed no association between
ACEs and TL (Glass et al., 2010; Malan-Miiller et al., 2013;
Jodczyk et al., 2014; Shalev et al., 2014; Blom et al., 2015; Boks
et al,, 2015; van Ockenburg et al., 2015; Verhoeven et al., 2015;
Mitchell et al., 2018). Furthermore, two studies even reported
a trend toward longer telomeres among individuals reporting
more ACEs (Kuffer et al., 2016; Oliveira et al.,, 2017). Finally,
nine papers reported mixed findings, with studies reporting some
associations within their data, but no conclusive association
within their total sample (Chen et al., 2014; Savolainen et al,,
2014; Mason et al,, 2015; Revesz et al., 2016; Schaakxs et al.,

2016; Dagan et al., 2017; Liu et al,, 2017; Vincent et al.,, 2017;
Riley et al., 2018).

Beyond that, five studies have examined TL at more than
one time point (Shalev et al., 2013, 2014; Boks et al., 2015; van
Ockenburg et al., 2015; Revesz et al., 2016). Hence, these studies
were able to assess telomere attrition, which is the change in
telomere length within a subject. Two of these studies showed
ACEs to be associated with TL change (Shalev et al., 2013;
Revesz et al., 2016), whereas three papers reported no association
between ACEs and TL change (Shalev et al., 2014; Boks et al,,
2015; van Ockenburg et al., 2015).

Possible Moderators

To attempt to explain the variety in findings, comparisons were
made based on sample size, age, sample composition, and sex
of study samples. First, focusing on the study characteristics,
the results of studies with more than 400 participants (N = 15)
seemed to be less conclusive than studies with <400 participants
(N = 23). Of these studies with larger samples, five papers
reported a cross-sectional association between early adversity
and TL (Kananen et al., 2010; Surtees et al., 2011; Cai et al,,
2015; Puterman et al., 2016; McFarland et al., 2017), five studies
reported mixed results (Savolainen et al., 2014; Mason et al.,
2015; Revesz et al., 2016; Schaakxs et al., 2016; Liu et al., 2017),
and five reported no associations (Glass et al., 2010; Jodczyk
et al, 2014; Shalev et al, 2014; van Ockenburg et al., 2015;
Verhoeven et al., 2015). Second, subdividing the age of study
samples indicated that studies investigating TL during childhood,
adolescence or emerging adulthood (N = 7) more often find
associations of ACEs and shorter TL (Shalev et al., 2013; Drury
et al., 2014; Mitchell et al., 2014; Blom et al., 2015; Robles et al.,
2016; Dagan et al., 2017; Guarneri-White et al., 2018). Findings
in older samples are more inconclusive. Third, considering the
sample composition, comparing clinical (with mental disorders)
(N = 16) and non-clinical samples (without mental disorders)
(N = 22) indicated that studies in non-clinical samples more
often find negative associations between ACEs and TL than
do studies in clinical populations. Fourth, with regard to the
sex of participants, there were no observable differences in
reported results.

DISCUSSION

The aim of the current review was to review the literature on the
associations between ACEs and TL in an attempt to highlight how
heterogeneity in sample and stressor characteristics contributes
to findings. Overall, the sample of studies we reviewed indicates
a negative association between ACEs and TL, although many
papers presented mixed findings and a quarter of eligible studies
found no relationship between ACEs and TL. These findings are
consistent with recently published meta-analyses investigating
the association between early adversity, childhood trauma and
childhood psychosocial stressors and TL. All three studies
showed significant small negative associations with TL (Hanssen
et al., 2017; Li et al., 2017b; Ridout et al., 2017). These meta-
analyses further reported high between-study heterogeneity of
effects. Considering possible moderators within our sample of
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studies indicates that results of larger samples seem to be less
conclusive than results of smaller samples. In addition, studies
investigating participants younger than 25 more often find ACEs
to be negatively associated with TL compared to older samples.
Furthermore, results from studies of non-clinical samples more
often report negative associations between ACEs and TL than
do studies of clinical samples. Using the SECs proposed by Epel
et al. (2018) to examine characteristics of the included ACEs
shows a lack of detailed information on SECs in many studies.
At least four findings (sample size, age, psychopathology, and
ACEs characteristics) need to be discussed in more detail to
find explanations for the heterogeneity and inconclusiveness of
reported findings.

First, with regard to sample size, we observed that findings
of larger samples are less conclusive compared to findings of
smaller samples. This might be explained by the fact that larger
samples can control for more additional variables and potential
confounds. These additional factors might moderate, mediate,
conceal or suppress the direct, independent impact of ACEs,
as many of these variables in larger models are inter-correlated
(e.g., adversities, mental health problems, negative life-styles, and
smoking status).

Second, we observed that studies with younger participants
more often find negative associations than studies with older
participants. This is in line with Ridout et al. (2017) who
reported in their moderator analyses that the smaller the duration
between ACEs exposure and age at TL assessment, the larger
the magnitude of effect sizes. They explained this finding by
pointing to the fact that studies of children assume no smoking
amongst participants, and that adversities early in childhood
tend to be associated with larger effects (Ridout et al., 2017).
Similar results were found by Hanssen et al. (2017). Another
potential explanation, according to the healthy survivor effect,
might be that participants within older samples drop out due
to morbidity or early mortality, which is in turn associated
with shorter telomeres (Mather et al.,, 2011; Kuffer et al., 2016;
Schaakxs et al., 2016; Oliveira et al., 2017). Moreover, Schaakxs
et al. (2016) argued that “a possible explanation for these null
findings in older adults may be that older adults have been
exposed to numerous competing causes for shortened TL, such
as somatic diseases or an unhealthy lifestyle over the life span.
These other TL-damaging factors may suppress the independent
impact of psychosocial stressors.” (p. 441).

Third, the sample composition of included studies varied
strongly. Some of the studies focused on specific clinical
populations and the impact of psychiatric disorders on TL.
These studies included ACEs in their models as control
variables. In contrast, other studies focused on the impact
of ACEs on TL controlling for psychiatric conditions. We
observed that studies with non-clinical populations more
often report negative associations between ACEs and TL.
This is in line with Ridout et al. (2017), who found
effect sizes of smaller magnitude regarding the association
of ACEs and TL in their moderator analyses, when looking
at studies that included subjects with mental disorders. Epel
and Prather (2018) recently proposed a triad model of stress
exposures, psychopathology and telomere biology combining

the meta-analytic evidence between the associations of stress
and telomeres, stress and psychopathology, and psychopathology
and telomeres. Having this triad in mind, when approaching
TL from a psychopathological perspective, studies have to
acknowledge that “expression of psychopathology may be
strongly influenced by exposure to maltreatment” (Teicher and
Samson, 2013, p. 1,114). This distinctive phenotypical expression
of a psychiatric disorder (with vs. without maltreatment)
might reveal distinct subtypes of disorders that are important
to account for when determining the biological bases of
these mental disorders (Teicher and Samson, 2013; Teicher
et al, 2016). Moreover, possible direct associations of ACEs
on TL might be mediated by the later development of
mental disorders. Assuming that early adversities often precede
psychopathology, psychiatric disorders might mediate the
association of ACEs and TL. Hence, research on TL should
acknowledge both perspectives: distinct subtypes of psychiatric
disorders (with vs. without maltreatment) within clinical samples
and the potential mediating effect of psychopathology in non-
clinical samples.

Fourth, the current study further examined ACEs using the
SECs recently proposed by Epel et al. (2018). Results showed
an overall lack of details and lots of missing information. This
makes it indeed very difficult to understand the adverse nature
of these experiences with important characteristics and attributes
not being measured or articulated. Differentiating between event-
based and chronic exposures, the target of the exposure, and the
duration, for instance, is very important in the context of trauma
research as many childhood adversities are interpersonal and
traumatic in nature (e.g., abuse and neglect, interpersonal loss,
interpersonal conflict, interpersonal violence) and are targeted
at either participants themselves or at close others (e.g., siblings
or family members) (Widom et al., 2008; Mofhitt and the Klaus-
Grawe Think Tank, 2013). Chronic-occurring interpersonal
events are often followed by a broad range of trauma-associated
psychopathologies that are not captured within the classical
framework of PTSD (Cook et al., 2005). These harmful responses
can lead to diverse behavioral and emotional alterations, often
referred to as complex trauma symptoms, as for example affective
dysregulation, attentional and behavioral problems, self and
relational deregulation (Briere et al., 2008; Greeson et al., 2011;
Schmid etal., 2013). For this reason many experts emphasized the
need for a more developmentally sensitive diagnostic system that
takes account of the heterogeneity of psychopathology following
early trauma (Cloitre et al., 2009; van der Kolk et al., 2009;
D’Andrea et al.,, 2012; Schmid et al., 2013). This led to the
inclusion of complex trauma symptoms within the PTSD section
in the Diagnostic and Statistical Manual of Mental Disorders—
Fifth Edition (DSM-5) and the inclusion of a complex PTSD
disorder in the International Classification of Diseases 11th
Revision (ICD-11). These complex trauma symptoms contain
symptoms of affect dysregulation, negative self-concepts and
interpersonal problems that are related to the traumatic exposure
(Cloitre et al., 2013). Overall, the adversities included are all of a
stressful, adverse, and traumatic nature. Most of these stressors
have the potential to elicit harmful emotional responses (e.g.,
social threat, loss of control, shame) and behavioral alterations
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(e.g., role-change, impulsivity), but detailed and differentiating
information is missing.

Limitations

The current review needs to be seen in light of some
limitations. First, this review is not a systematic review as
defined by PRISMA or Cochrane guidelines. The narrative
approach, however, allowed us to discuss the complexity of
exposure characteristics in an overall heterogenous sample of
studies and adds to recently published systematic meta-analyses.
Second, most studies assessed ACEs retrospectively with self-
reported questionnaires, sometimes with several decades between
adversity and assessment of adversity, which leads to recall
biases. Hardt and Rutter (2004) extensively discussed biases of
retrospective self-reports and concluded that they easily lead
to an underreporting of events and that the validity of details
assessed retrospectively might be low, but false-positive reports
are rare. In contrast, a recently published meta-analysis reported
only weak associations between prospective and retrospective
measures of adversity concluding that these measures identify
different groups of individuals (Baldwin et al, 2019). This
should be taken into account in future studies. Third, this
review focused on the ACEs part of the ACEs-TL association.
Besides that, methodological issues with regard to the TL
measurement approach are also of high interest and might
explain some of the heterogeneity in findings. These issues
are extensively reviewed and discussed elsewhere and beyond
the scope of this review (Montpetit et al., 2014; Lai et al,
2018). Fourth, publication bias is likely to occur because we
only included papers that were published in peer-reviewed
journals. Last and most important, as described in the method
section, studies were included that measured ACEs before
the age of 18 by means of a questionnaire or an interview.
Studies reporting on early adversities solely based on high-risk
status, on low socio-economic status (SES), on neglectful, non-
supportive parenting styles, on maternal depression, and on
maternal stressors during pregnancy, were not included due
to their lack of direct measurement of adverse experiences.
Being at risk for ACEs is highly correlated with incidence
of ACEs but not all at-risk individuals are exposed. This
approach was used because the focus of this review was on the
harmful long-term consequences of experiencing ACEs. Still,
as a substantial overlap between different operationalization’s
of stressors exist, it is therefore very difficult to draw
clear boundaries.

Implications

Future research might benefit from a differentiated look
into ACEs, articulating multiple domains of stressors such
as in the SECs (Epel et al., 2018). This will help to improve
our understanding of the adverse nature of these exposures
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