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Objective: A large literature has identified exposure to early caregiving adversities as a potent risk for developing affective psychopathology, with
depression, in particular, increasing across childhood into adolescence. Evidence suggests telomere erosion, a marker of biological aging, may underlie
associations between adverse early-life experiences and later depressive behavior; yet, little is understood about this association during development.

Method: The current accelerated longitudinal study examined concurrent telomere length and depressive symptoms concurrently, 2 and 4 years later,
from the preschool period through adolescence among children exposed (n =116) and not exposed (n = 242) to early previous institutional (PI) care.

Results: PI care was associated with shorter telomeres on average and with quadratic age-related growth in depressive symptoms, indicating a steeper
association between PI care and depressive symptoms in younger age groups that leveled off in adolescence. Contrary to studies in adult samples,
telomere length was not associated with depressive symptoms, and it did not predict future symptoms.

Conclusion: These findings indicate that early caregiving disruptions increase the risk for both accelerated biological aging and depressive symptoms,

although these variables did not correlate with each other during this age range.
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epression is not only remarkably common, it is

also the leading cause of disability around the

world.! Decades of research have been devoted to
identifying risk factors for developing depression in order to
alleviate the emotional and financial burden of the disease to
individuals and to society at large. The marked increase in
first onset of depression from childhood to adolescence,
coupled with higher recurrence rates among individuals
receiving depression diagnoses prior to adulthood,? high-
light the importance of understanding developmental pro-
cesses underlying increased risk. Research has identified
early childhood adversity as a potent risk factor for
depression,” with early and severe caregiving-related
stressors, in particular, predicting the persistence of mood
disorders across the lifespan.” Institutionalization represents
a particularly severe caregiving-related adversity for the
human infant, often comprising emotional and material
deprivation and the unstable, inconsistent caregiving asso-
ciated with institutional environments following abandon-
ment, death, or surrender of biological caregiver(s).6 Unlike
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research examining childhood adversities such as physical
abuse, neglect, and poverty, which tend to co-occur and
endure development, studying development
following institutional care abroad followed by adoption
into families in the US provides an important way to un-
derstand the association between caregiving-related adver-
sity specific to early life and later outcomes. Prior
institutionalization (PI) has been linked with elevated
internalizing symptoms in childhood,” adolescence,® and
into adulthood.” These findings motivate a deeper under-
standing of the mechanisms that give rise to increased risk of
depression following early institutionalization, with the goal
of uncovering potential targets for mitigating this risk.

A growing body of evidence suggests that telomere
erosion, a marker of cellular aging, may confer risk for a
range of deleterious physical and mental health outcomes.'
Telomeres, DNA—protein complexes located at the end of
chromosomes, protect chromosomes from deterioration and
naturally shorten as cells age. Shorter telomeres have been
found in cross-sectional studies of depressed adults and
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adolescents," '™ raising the possibility that the shortening
of telomeres may temporally predate and increase vulnera-
bility for depression. These studies beg the question: does
cellular aging increase the risk of depression over the course
of development?

A necessary first step in answering this question has
been to examine whether telomere length is sensitive to
adversity in the environment. A large body of literature has
found shortened telomeres among adults exposed to higher
levels of concurrent stressors (eg, racial minority status,
traumatic events), and retrospectively-reported childhood
stressors.'>"7 There are several putative mechanisms
through which stressful life experiences may influence
telomere length. According to the weathering hypothesis,18
individuals who have experienced high levels of stress may
be biologically older than individuals of the same chrono-
logical age because of the aggregate toll of repeated stress
exposure and high effort expended on coping. Telomeres,
which naturally shorten through the process of cell division
as we age, are known as a “mitotic clock,” and are thought
to provide a better indicator of accelerated physiologic
decline than chronological age.'”'” Indeed, oxidative stress
can cause breaks in DNA structure that are not easily
repaired, leading to accelerated shortening in telomeres.*”
This process unfolds perhaps via increased cellular turn-
over resulting from adversity-related oxidative damage,
which in turn accelerates the telomere attrition rate. Indeed,
a large literature has identified a strong association between
stressful life events and oxidative stress.”' The idea of bio-
logical weathering has largely been focused on biomarkers of
rapid aging in adults exposed to years of cumulative stress.

Accumulating evidence suggests that the effects of
adverse experiences on telomere length may emerge as early
as childhood. Shorter telomeres have been observed among
children exposed to various caregiving-related stressors,
including maternal depression and institutional care.'®**2*
Albeit varied, these stressors share a common element: en-
vironments characterized by a significant disruption to the
parent—child relationship. In the context of such exposures,
accelerated aging may result from allostatic load,” sug-
gesting heightened wear and tear on the human body
resulting from ontogenetic adaptations to environmental
challenges (ie, absence of reliable caregiving). Indeed, other
biological markers of augmented development such as early
puberty, accelerated DNA methylation age, and adult-like
functional neural connectivity have been observed among
children exposed to caregiving adversities.*>*’

Despite a growing body of literature connecting telo-
mere erosion with both stress and with depression,”® few
studies have examined whether telomere length and child-
hood adversity predict depression over time using 1 sample
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of children across development. Humphreys e# /. examined
this possibility longitudinally prior to adulthood.*” Con-
trary to expectations, they found that telomere shortening
did not predate depression symptom onset: rather, the
reverse was true, that prior existence of depressive symptoms
predicted subsequent telomere erosion. Although stressful
life events were associated with depression, they were not
related to changes in telomere length. These findings raise
the possibility that the risk for premature cellular aging is
not simply an outcome of adverse childhood experiences
but perhaps also a result of the stress of depression itself.
This idea is bolstered by recent findings from the Bucharest
Early Intervention Project (BEIP). Although they did not
investigate depression symptoms specifically, Wade ez al.
found that internalizing symptoms in middle childhood
predicted telomere length in early adolescence, with no
reciprocal effects.”

Here, we examine these associations in an accelerated
longitudinal design across a wider age range and a more
homogeneous form of caregiving-related adversity. The
current study examined telomere length among children
and adolescents with and without a history of institution-
alization and investigated whether telomere length predicted
longitudinal patterns of depressive symptoms. We assessed
prospective associations between telomere length and
depressive symptoms in PI youth, whose extreme adversity
is documented and restricted to early life and precludes the
reliance on retrospective reporting of adversity, which can
be unreliable.?' Institutional care (ie, orphanage rearing) is
sparse, unstable, and regimented,”* and although there are
varying levels of adversity across institutions, a history of
poor caregiving is common to all PI youth.’* We hypoth-
esized that with increasing age, average depressive symptoms
would increase following PI care. We also hypothesized that
PI care would be associated with average shorter telomere
length. A secondary aim was to characterize whether shorter
telomere length would predict overall levels and rate of
change in depressive symptoms across all youth.

METHOD

Participants

The study sample consisted of 358 youth (116 PI and 242
comparison) between the ages of 3 and 17 years who were
part of 2 larger studies. In 1 of those projects, n = 243
participants (aged 4-18 years) were enrolled in a longitu-
dinal study examining emotional and brain development,
aiming for a longitudinal sample target of n = 130 par-
ticipants to receive 2 visits, and n = 65 to receive 3 visits
(depending on entry date; ie, not all participants were

actually intended for follow-up). Participants were
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over-enrolled at time 1 to reach follow-up recruitment
goals, given the anticipated difficulties in scanning this age
range (eg, braces, motion artifact, refusal, and scheduling).
In addition to those n = 243 youth, another n = 115
preschoolers (aged 3-6 years) were recruited for a separate
single time point study that examined emotional learning
(these data were included in the time 1 assessment for the
current study). Both samples of children included PI and
comparison youth. At time 1, telomere data were obtained
from all 358 youth (Table 1). Depressive symptoms were
collected from 329 participants at time 1, 117 participants
from time 2, and 85 from time 3 (each visit spaced
approximately 2 years apart). The protocol was approved
by the institutional review board at the University of
California, Los Angeles. Parents of participants provided
written consent, and children over 6 years of age provided
written assent.

Demographic information for participants is presented in
Table 1. The PI group (ie, youth exposed to any early
institutional caregiving environment) were recruited via local
international adoption agencies and family networks. The
comparison group, comprising youth who had always lived
with their families, was recruited via flyer advertisements

within the surrounding community, from state birth records,
and from word of mouth. As is to be expected, the ethnic
composition of the PI group reflects patterns of international
adoption at the time of our participants’ birth, with higher
rates of Asian-American children adopted from Asian coun-
tries and fewer Black, White, and Latino/a children
(Table 1). Participants in the comparison group at time 1
were included only if they were free of psychotropic medi-
cations and psychiatrically healthy as per parent report on the
Child Behavior Checklist questionnaire (CBCL)*® and the
Revised Child Anxiety and Depression Scales—Parent form
(RCADS-P).*

Procedure

At time 1, parent report measures were collected in the
laboratory and saliva samples were collected via Oragene
kits, which include a preservative that allow them to be
stored at room temperature until the point of assay. At time
2, approximately 2 years (mean [SD] years = 2.40 [0.55]
after time 1), and time 3, approximately 3.5 [mean [SD]
years = 3.57 [0.91]) after time 1), participants completed
additional questionnaire measures of depression as part of a
larger laboratory experimental battery.

TABLE 1 Telomere Length and Longitudinal Depressive Symptoms and Demographic Characteristics of Previously

Institutionalized and Comparison Youth

Pl Comparison Significance
Measure Mean SD Mean SD P 95% ClI
Main study variables
Telomere length 0.88 0.23 1.01 0.23 <.001 2.1751 to 4.5321
(log-transformed)
Telomere length (raw) 8.58 4.37 12.82 9.30 <.001 0.0841 to 0.1872
T1 Depression 54.65 11.36 45.84 7.93 <.001 —11.2942 to —6.4358
T2 Depression 52.24 10.50 4419 7.85 <.001 —11.7031 to —4.2708
T3 Depression 52.03 11.98 42.66 4.44 <.001 —14.0692 to —4.6744
Demographic variables
T1 Age, y 9.27 3.56 7.98 4.29 .005 —2.1945 to —0.3817
Range 3.0to 17.1 28t0 17.5
Sex, % 32.8%M 67.2%F 47.5% M 52.5%F 010 —.254 to —0.036
Income, median 100,000 + 85,001 to 100,000 <.001 —1.8920 to —0.7102
Ethnicity, %
Black/African American, % 1.7 12.4 <.001 1365 to 0.2957
Asian American, % 39.7 7.0 <.001 —.3957 to 0.1986
White/European, % 33.6 36.4 <.001 1851 to 0.4025
American, %
Other, % 9.5 2.1 .381 —.0170 to 0.0450
Hispanic, % 43 6.2 .002 .0482 to 0.2027
Age at adoption: median, 1.1; N/A N/A N/A
range .1-10.0

Note: Depression T1 T2 T3 = T-scored total depression subscale on the Revised Child Anxiety and Depression Scales—Parent form at times 1, 2 and 3.
F = female; M = male; N/A = not applicable; Pl = previously institutionalized.
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Parent Report of Depressive Symptoms

Parents completed the RCADS-P, which has been shown to
be valid and reliable in developing samples.”> The RCADS-
P is a parent-report 47-item instrument that assesses
symptoms of childhood anxiety disorders and depression
continuously based on DSM-IV criteria. Each symptom on
the scale is scored as followed: 1 = never; 2 = sometimes;
3 = often; and 4 = always. The questionnaire is reliable in
terms of internal consistency (with Cronbach alphas ranging
between 0.80 and 0.87 for the major depression subscales
used at the 3 timepoints of this study) and temporal stability
(with 4-week test—retest correlations between 0.79 and
0.85), and displays reasonable parent—child agreement and
good convergent and divergent validity. In the current
study, the T-scored total depression subscales were exam-
ined from all 3 laboratory visits. T-scores were calculated
based on sex and grade in school using the norms estab-
lished by the RCADS-P. The RCADS-P T-score calcula-
tions are limited to grades 3 to 12; thus, we adapted the
scale by using grade 3 norms for all participants below the
grade range, and grade 12 norms for all participants above
the grade range, to accommodate our broad developmental
sample.

Telomeres

Saliva samples were collected via Oragene kits, which
include a preservative that allow them to be stored at
room temperature until the point of assay. DNA was
extracted using the standard Oragene PrePIT/ PT-L2P
protocol and reagents,3 ® and DNA was stored in
Tris—ethylenediaminetetraacetic acid (EDTA) buffer at 4
degrees Celsius for between 1 and 6 months, then pro-
cessed in a single batch from samples of participants’
saliva, a validated method for examining telomere
length.?”” DNA sample concentration was adjusted to
10 ng/pL. Average telomere length in saliva was measured
by using a validated quantitative polymerase chain reac-
tion (Q-PCR) method.”® Relative telomere length was
determined by quantitative polymerase chain reaction Q-
PCR through 2 steps of relative quantification. In the first
step, the ratio of telomere repeats product to single copy
gene product (3684, encoding acidic ribosomal phos-
phoprotein PO) was established for each sample by using
standard curves. This ratio is proportional to the average
telomere length. In the second step, the ratio for each
sample was normalized to a calibrator DNA, which was
selected as one of the high—DNA concentration samples
to standardize between different runs. Telomere PCRs
and 36B4 PCRs were always performed in separate 96
wells. A standard curve of a diluted reference DNA
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(the same DNA sample for all runs), as well as the cali-
brator DNA were included in each run, and relative
quantification of the samples were allowed. One subject
was excluded as an outlier from final the analyses (>4 SDs
above the mean). The final average telomere length var-
iable (skewness = 1.68, kurtosis = 3.71) was then log-
transformed for each individual subject to correct for
non-normal distribution, a common adjustment for T/S
ratio data. 04!

Statistical Analyses

We began by conducting cross-sectional analyses at T1.
First, the association of telomere length with group mem-
bership was examined using analysis of covariance, and its
association with age was examined using linear regression.
An interaction between age and group was also probed
using linear regression. Next, we used linear regression to
examine the association of telomere length with depressive
symptoms at each timepoint. Finally, we examined whether
group (PI, comparison), age, and their interaction were
associated with total depressive symptoms at T1.

Next, we examined whether these predictors were
associated with overall changes in depressive symptoms
spanning all 3 timepoints using a multi-level model (details
provided below). A series of 2-level models (observations
nested within persons) were estimated. This approach
allowed us to simultaneously estimate the variance in
psychopathology both within and between individuals over
time. We first estimated unconditional growth models for
depressive symptoms while adjusting for variation in age
and time between study visits, by coding time as age in
months at T1, T2, and T3 and the number of months
since the baseline interview at subsequent time points. Age
was re-coded to isolate within-person change in age over
time from the between-person age at each timepoint.*?
Time was centered within-person to 0 for participants’
age in months at T1. Participants’ between-person age at
each timepoint was grand mean centered to evaluate
developmental differences given the wide sample age range.
We modeled both the intercept (ie, the average level of
each symptom) and the slope (ie, the rate of change over
time), and then examined the change in model fit when
each was modeled as random effect. Inclusion of random
effects of intercept and fixed effects of time improved
model fit. We next added a quadratic term for time to the
fixed effects models to determine the functional form of
the growth trajectory for depressive symptoms and exam-
ined the difference in model fit between the linear and
quadratic model. The quadratic model best fit depressive
symptoms over all 3 timepoints. Then, we examined the
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level 2 (ie, time-invariant) predictors of depressive symp-
toms. Specifically, we examined whether telomere length,
age, and their interaction predicted both intercepts and the
quadratic rate of change of depressive symptoms over time.
We then examined the association of group, age, and their
interaction with predicted overall levels and growth in
depressive symptoms across all 3 timepoints using the same
multi-level modeling approach. The equation for this
model is as follows:

Dy = boi + 01Ty + b2 Ti + b3 M+
bsG;+ b5S; + bsL; + by Ai+
bs(A; X Gy) + by (Ai X Tp) + bio (G x Tip)+
b11(G; x A; x Tj) + ey

where D;;, is depressive symptoms, &y; is the intercept, 7
is linear time, Tli is quadratic time, M}, is months since
baseline assessment, G; is group status, S; is child sex, Z; is
telomere length, and 4; is child age. Within-person time
(T;) was centered so that T1 was equal to 0 and T2 and
T3 were coded months from T1. Participant age (4,) was
grand-mean centered to evaluate age-related differences in
the association between group and within-person change
in depressive symptoms. Equation line 1: average
depressive symptoms at T1 and average within-person
change in depressive symptoms; equation line 2:
between-person effects of time-invariant covariates on
average depressive symptoms; equation line 3: cross-level
interaction effects of age-related differences in the rate of
within-person change in depressive symptoms; equation
line 4: cross-level interaction effects for telomere length
on age-related differences in average depressive symptoms
and rate of change in depressive symptoms; equation line
5: cross-level interaction effects for group status on
age-related differences in average depressive symptoms
and rate of change in depressive symptoms; line 6: age-
related differences in the association between telomere
length and group status on rate of change in depressive
symptoms.

All analyses were conducted using the Statistical
Package for the Social Sciences (SPSS) software version 26
and controlled for sex. The age range in the PI and com-
parison groups were normally distributed (PI skewness =
0.74, SE = 0.16, kurtosis = —0.76, SE = 0.32; com-
parison skewness = 0.15, SE = 0.225, kurtosis = —0.86,
SE = —.45). However, because the mean age was signifi-
cantly different between the groups, we examined or
controlled for the effects of age in all analyses. We addi-
tionally include 2 sensitivity analyses: (1) we also covary for
racial and ethnic minority status, given prior evidence of its
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effects on telomeres, stress, and depression; and (2) we
tested age of adoption, covarying for age and sex.

RESULTS

Descriptive Statistics

Table 1 provides the means and standard deviations of all
measures and demographic characteristics separately for PI
and comparison youth. Table S1, available online, provides
the zero-order correlations among all measures of institu-
tionalization, telomere length, and depressive symptoms.
Figure S1, available online, shows the distributions of
telomere length and age at T1.

T1 Cross-Sectional Results

Telomere Length in Pl and Comparison Youth. We
examined the associations of PI history, age, and the
interaction of PI X age with log-transformed telomere
length. As Figure 1 shows, PI history was significantly
associated with telomere length at T1 (F) 355 = 30.37, p <
.001), such that youth in the PI group had significantly
shorter telomeres (mean [SD], range = 0.88 [0.23], 0-1.30)
than did youth in the comparison group (mean [SD],
range = 1.03 [0.25]; 0.40-1.88). As expected, age at T'1 was
significantly negatively associated with telomere length
(6 = —0.27, p < .001). There was no interaction between
PI history and age for telomere length.

FIGURE 1 Telomere Length by Group and Age

04

Telomere Length

COMP PI COMP PI COMP PI
n=137  n=38 n=54 n=56 n=46 n=22
AGE 3-7 AGE 8-12 AGE 13-17

Note: Age was treated continuously in analyses, but is plotted by groups here for
visualization purposes. Error bars represent the standard error of the mean of each
group. Comp = group of comparison youth who were not exposed to prior insti-
tutionalization; Pl = previously institutionalized youth.
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Depressive Symptoms in Pl and Comparison Youth. We
examined the associations between PI history, age, and a
PI X age interaction with depressive symptoms. PI history
predicted level of depressive symptoms at T'1, such that
depressive symptoms were significantly higher among in
the PI group than in the comparison group (£ 36 =
62.94, p < .001; PI mean [SD], range = 54.65 [11.36],
37.34-89.65; comparison group mean [SD], range =
45.84 [7.93], 34.51-77.23) (Figure 2). Note that data for
a subset (19.5%) of these participants were previously
published in an earlier manuscript.*’ Importantly, the
comparison sample was recruited to have low levels of
psychopathology, so this group difference was antici-
pated. However, we note that the PI sample also showed
elevated depressive symptoms relative to the national
normed T-score of 50 at T1 (z = 4.20, p < .001). Age
significantly predicted higher depressive symptoms (8 =
0.14, p = .010). The interaction between age and PI
history was not significantly associated with depressive
symptoms.

Telomere Length and Depressive Symptoms. As Figure 3
shows, shorter telomere length was not statistically signifi-
cantly associated with higher current depressive symptoms,
although it trended in the expected direction (8 = —0.08,
p = .17). There was no significant interaction between age
and telomere length (6 = 0.19, p = .395) or between PI

FIGURE 2 Time 1 Depression by Group and Age

T1 Depression

COMP PI COMP PI COMP PI
n=127 n=34 n=48 n=51 n=20
AGE 3-7 AGE 8-12 AGE 13-17

Note: Age was treated continuously in analyses, but is plotted by groups for visu-
alization purposes. Error bars represent the standard error of the mean of each
group. Comp = group of comparison youth who were not exposed to prior insti-
tutionalization; Pl = previously institutionalized youth; T1 Depression = mean T-
scored total depression subscale on the Revised Child Anxiety and Depression
Scales—Parent form at time 1.
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history and telomere length (8 = —0.01, p = .958) on

depressive symptoms.

Longitudinal Results Across T1, T2, and T3

Depressive Symptoms in Pl and Comparison Youth. We
modeled the effect of PI history, age over time, and the
interaction of PI history with age over time on depressive
symptoms over all 3 timepoints, with time modeled as
age (continuous) at each timepoint. Depressive symptoms
were modeled with linear and quadratic effects of time
and random effects of intercept. There were significant
linear (6 = 0.11, p = .003) and quadratic (§ = —0.01,
p = .003) effects of age over time on depressive symp-
toms (Figure 4), and significant variation in intercept
was observed (p < .001). Controlling for differences in
age at T1, PI group membership significantly predicted
change in overall depressive symptoms over time
modeled quadratically (8 = —0.01, p = .045) (linear
model was trend level (6 = 0.15, p = .065)) such that
depression symptoms started higher and increased more
sharply at earlier ages across study timepoints for the PI
group than for the comparison group. Although the PI
group’s depression symptoms remained higher than the
comparison group’s symptoms across ages in the study,
they fell across study timepoints among adolescent PI
participants.

Telomere Length and Longitudinal Depressive
Symptoms. Telomere length was not associated with
intercept or slope of depressive symptoms across the 3
timepoints in multilevel modeling analyses.

Sensitivity Analysis

First, we sought to determine whether our results held after
controlling for racial and ethnic minority status, which,
given small and differing sample sizes of each identity
within each group, was created as a binary 0/1 variable. All
significant results remained significant (p < .001-.005).
Second, to examine whether there was a dose—response
relationship between prior institutionalization and our
main outcomes of interest, we additionally examined time
spent in an institution, indexed as age of adoption in
months (mean [SD] = 23.13 [23.73]), as a predictor vari-
able in sensitivity analyses. Age of adoption did not signif-
icantly predict T1 depressive symptoms (8 = 0.11, p =
.296) or telomere length (8 = —0.10, p =.298). Age of
adoption also did not predict depressive symptoms longi-
tudinally over the 3 timepoints of the study, with age
modeled linearly (8 = —0.01, p = .640) or quadratically
(6 = .01, p = .646), although significant variation in
intercept was observed (p < .001). Together, these findings
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FIGURE 3 Telomere Length and Time 1 Depression
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Note: Comparison = group of comparison youth who were not exposed to prior institutionalization; Pl = previously institutionalized youth; T1 Depression = T-scored total

depression subscale on the Revised Child Anxiety and Depression Scales—Parent form at time 1; Telomere length = logarithmically transformed average telomere length in
saliva, calculated as the ratio of telomere repeats product to single copy gene product, then normalized to a calibrator DNA. Please note color figures are available online.

may reflect that the relationship between prior institution-
alization and telomere length, concurrent, or longitudinal
depressive symptoms reflect a threshold effect, driven by the
experience of prior institutionalization itself rather than a

FIGURE 4 Previously Institutionalized Status and
Longitudinal Depressive Symptoms

110

Group

= Comparison
- PI

Depression T
3

o] T

o

Age (years)

Note: Individual gray lines represent depression symptom levels across time
points for each individual subject. Comparison = group of comparison youth
who were not exposed to prior institutionalization; Depression T = T-scored total
depression subscale on the Revised Child Anxiety and Depression Scales—Parent
form at times 1, 2 and 3; Age = age in months modeled quadratically over
time; Pl = previously institutionalized youth, to whom a quadratic term for depres-
sion over time was applied. Please note color figures are available online.
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dose-dependent relationship associated with the length of
time spent in an institution.

DISCUSSION

Caregiving-related early adversity has been linked to
elevated risks for both depressive psychopathology and
prematurely shortened telomeres across the lifespan.
Although accelerated cellular aging has long been implicated
in the association between early adversity and depression,
questions have been raised about the temporal relationship
between telomere shortening and depression. Here, we
aimed to address this question using prospectively collected
data in an accelerated-longitudinal design across a wide
developmental age range from the preschool period through
late adolescence. Findings revealed that at the group level,
PI youth not only showed high levels of depressive symp-
toms at time 1, but these symptoms were more likely to
increase earlier in the transition into adolescence as
measured longitudinally. A history of prior institutionali-
zation was also associated with average shorter telomeres.
Furthermore, telomere length was not associated with
depressive symptoms among the youth in this study, nor
did it predict depressive symptoms longitudinally.
Consistent with our hypotheses and a growing body of
research, we found that prior institutionalization was
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negatively associated with telomere length, and this was
observed as early as the preschool period. This finding adds
to evidence that environments characterized by poor care-
giving places individuals at risk for lasting epigenetic alter-
ations starting at a very early age, including changes in
telomere biology.'”?*** Lack of stable and reliable care-
giving is a significant stressor in a child’s life. Although
speculative, without the expected presence of consistent
attention, support, and external regulation from caregivers,
the experiences of PI youth may place undue stress on
developing biolo§y in attempts to adapt to stressful envi-
ronmental cues.*® Such an expenditure could lead to
elevated oxidative stress, known to cause DNA damage and
other harmful physiological effects. The weathering hy-
pothesis would suggest that, as a result of this expended
energy, biological aging occurs faster following early devel-
opmental adversity.

Although starting off at T1 with elevated depressive
symptoms, as a group, individuals with a PI history
exhibited increasing depressive symptoms through the
transition from childhood into adolescence before drop-
ping in later adolescence. This finding adds to a growing
literature that early caregiving stressors in childhood pre-
dict depression across the lifespan,* and is consistent with
research documenting increased risk for developing
depression as children age, with a spike in first onset of
depression following initiation of puberty.” The current
findings suggest that although depressive symptoms may
be elevated at earlier ages during childhood following a PI
history, the general trajectory of growth conforms to that
identified in individuals without a PI history. Although we
did not ultimately find that shorter telomeres predicted
growth in depression over time, it is still possible that faster
rates of depression symptom growth among PI youth may
signal another form of accelerated aging. For example,
vulnerability to depression earlier in adolescence is a
developmental course that has been associated with accel-
erated cortical thinning*> and earlier pubertal timing,*®
which are phenotypes identified following institutionali-
zation.””*® At the same time, although children with PI
histories demonstrated higher rates and younger increase in
depression symptoms, as older adolescents, they were
demonstrating a depression pattern across the study
approaching the depression symptom levels of comparison
children. It is therefore possible that this pattern of change
in depression symptoms that we observed among PI youth
reflects resilience and recovery as these children age.

We did not find that telomere length was associated
with depressive symptoms concurrently or longitudinally.
At first glance, this finding is inconsistent with studies in
adulthood showing a negative correlation between
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telomere length and depressive symptoms.'”> There are
potential reasons for this inconsistency across age groups.
First, it is possible that a significant association emerges
only in adulthood, when clinical depression is far more
common.?’ Because of the age range of our sample,
although there was variability in clinical depressive symp-
toms, few participants reached clinical levels of these
symptoms during the study. Therefore, the association
with shorter telomere length may have been difficult to
detect. A second explanation is that the association emerges
in adulthood in part because the stress of depression itself
is what shortens telomeres. Indeed, this is the third paper
that we are aware of to find that shorter telomere length
did not predict later depression in a pediatric sample. In
their 2020 longitudinal study of a community sample of
adolescents (aged 9-13 years at baseline), Humphreys ez al.
reported no association between telomere length and
depressive symptoms.*’
symptoms actually predicted subsequent telomere erosion.
That study suggests that by adolescence, depressive
symptoms may actually precede telomere erosion. In our
study with a younger and wider age range, it is possible
that a similar pattern may explain why telomere length did
not predict subsequent depression levels. The stress of
depression, triggered by early life experiences, could be
contributing to telomere erosion, rather than the other way
around. Although we were unable to ascertain telomere
length longitudinally to directly test this hypothesis, recent
findings from the Bucharest Early Intervention Project add
further support to this theory. In a 2-wave sample of
mostly PI Romanian children (n = 195) adopted into
Romanian families, Wade ez 4/ found that telomere
shortening in middle childhood (ages 8-10 years) did not
predict internalizing symptoms in early adolescence (12-14
years), but rather that childhood internalizing symptoms
predicted later telomere shortening.>® Finding similar re-
sults in our larger study of PI children adopted from several
countries into the US, a geopolitically stable country in
which adoptive parents are likely to be highly resourced
and in which their children may face lower exposure to
environmental stressors after adoption, provides meaning-
ful and generalizable support for the idea that biological
aging is the result, rather than the catalyst, of depressive
psychopathology in a sample with high levels of severe
early childhood caregiving adversity. Furthermore, our

Moreover, baseline depressive

wide age range suggests that the effects reported in these
2 other studies may not be limited to middle childhood
and early adolescent stages of development. Future
research in young and school-aged children is needed to
further delineate the longitudinal associations between
telomere length and depression among children who
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were and were not exposed to severe caregiving-related
early adversities.

There are limitations to these findings. First, because
of the nature of international adoption, we do not have
access to individual prenatal/developmental histories for
PI youth. However, randomized control intervention
work suggests that institutionalization itself may be the
most significant factor in children’s developmental his-
tories for future psychiatric outcomes. We also cannot
identify whether there was a particular aspect of institu-
tional care that contributed to this outcome. That said,
our findings are consistent with previous studies
demonstrating associations between telomere length and
early adversity,40’4l’50 including studies specific to PI
youth that have used an experimental design®® providing
support that these findings are the result of adverse
caregiving experiences. In addition, we report mean
values at the group level, which obscures the known
heterogeneity in samples that have experienced early
adversity.* This study examined telomere length using
salivary DNA and not DNA extracted from peripheral
blood. Although differences in telomere length between
cell types do exist, there is also evidence to support a
strong association between telomere length in different
cell types.”" Although many studies use DNA from whole
blood (which contains predominantly a mixed cell pop-
ulation of lymphocytes) or buccal cells, saliva contains
both lymphocytes and buccal epithelial cells. Thus, saliva
shares similarities to previously used sources of DNA in
telomere studies, and previous research has demonstrated
that telomere length from salivary DNA is associated with
childhood adversity. Although significant research is still
needed to examine the correlation between telomere
length obtained from different cell types, the establish-
ment of a reliable and standardized telomere length
measurement from non-invasive sources, particularly as
pertaining to adversity in developmental populations,
would provide a significant advancement for the field. It
is important to note that not all biological assays using
DNA experience the same variability of effect based on
DNA quality: for example, genotyping is far more robust
to DNA degradation and impurity than Q-PCR—based
telomere length assays. Furthermore, telomere length and
other DNA-related assays are a field of study in which
methodologies are rapidly evolving. Every year, ad-
vancements are made that may have an impact on
reproducibility and precision. Our methods are in line
with protocols commonly used in children at the time of
collection (and now). However, new literature continues
to emerge suggesting that a variety of technical parame-
ters may influence the precise measurement of telomere
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length, and this list is likely to grow as the field continues
to develop. For example, enzyme batch, PCR machine,
primer batch, operator, temperature, and humidity were
found to affect measurement of leukocyte telomere
length in a large sample of adults from the United
Kingdom.’? Tt is also worth noting that although we
report elevated levels of depressive symptoms in children
exposed to caregiving-related early adversities, not all
elevated scores indicate clinically relevant depression
symptoms. Finally, we did not collect telomere length at
the T2 and T3 timepoints of our study. Without longi-
tudinal assays of telomere length, we are unable to test
whether depressive symptoms may have mediated the
association
depression. Future research should examine these ques-
tions longitudinally in a pediatric sample.

The results from the current study have important
implications for understanding the associations between

between prior institutionalization and

caregiving-related early adversities, epigenetic changes,
and later depressive outcomes. Investigation of these as-
sociations in a developmental population is paramount, as
early childhood may represent a critical period for the
interaction between adversity, cellular aging, and emer-
gence of depression. Consistent with previous research
demonstrating adversity-induced alterations in telomere
length, and an increased prevalence of depressive out-
comes, we observed average shorter telomere length and
increased growth in depressive symptoms following
institutional care. A large body of literature addresses the
interrelatedness of mental and physical health issues
following adversity among children; however the current
findings suggest that addressing 1 issue (eg, treating
depression) may not necessarily alleviate risk of physical
health conditions (eg, shorter telomeres). Although future
studies are needed to establish whether or not a direct link
can be established between accelerated telomere short-
ening and depression in a developmental sample, our data
provide support for the hypothesis that telomere length
may be not be a mechanism by which adversity results in
depressive outcomes during childhood and adolescence,
and that these 2 consequences of early stress may need
distinct approaches. longitudinal
research is needed to determine whether predictive asso-
ciations emerge at later age.
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