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Strong associations of telomere length and mitochondrial copy
number with suicidality and abuse history in adolescent
depressed individuals
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Major depressive disorder (MDD) is highly prevalent in adolescents and is a major risk factor for suicidality. Recent evidence shows
that accelerated cellular senescence/aging is associated with psychiatric illness, including depression, in adults. The present study
examined if the relationships of telomere length (TL) and mitochondrial DNA copy number (mtDNAcn), two critical indicators of
cellular senescence/aging, are altered in depressed adolescents and whether these alterations are associated with suicidality, early-
life adversities, and other co-occuring factors. In genomic DNA isolated from 53 adolescents (ages 16–19, 19 MDD with suicide
attempt/suicidal ideation [MDD+ SI/SA], 14 MDD without SA/SI [MDD-SI/SA], and 20 healthy controls [HC]), TL and mtDNAcn were
measured as the ratio between the number of telomere repeats and that of a single-copy nuclear-hemoglobin [HBG] gene or the
amount of mtDNA (NADH dehydrogenase, subunit 1) relative to HBG. Our data show that TL was significantly lower, and mtDNAcn
was significantly higher in the total MDD group than HC. TL was significantly lower and mtDNAcn was significantly higher in the
MDD+ SA/SI group than in the HC, whereas there were no differences in the MDD-SI/SA group. TL was positively correlated with
mtDNAcn in both HC and MDD-SA/SI groups; however, TL was negatively correlated with mtDNAcn in MDD+ SA/SI. Furthermore,
TL was negatively correlated with the severity of both depression and anxiety, while mtDNAcn was positively correlated with the
severity of prior emotional abuse. Our study indicates that cellular senescence is more advanced in depressed adolescents with
suicidal ideation and that childhood emotional abuse may participate in such a process.
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INTRODUCTION
Major depressive disorder (MDD) is the most common psychiatric
disorder in adolescents and is significantly associated with
increased morbidity [1–3]. In the United States, MDD is also
significantly associated with increased mortality [4], and is the
most significant biological and psychological risk factor for suicide
in adolescents [3, 5–7]. In 2017 the suicide rate in the United
States was 11.8 per 100,000 in adolescents and had increased by
57% between 2007 to 2018 [8, 9]. A recent meta-analysis of studies
in adolescents showed that the worldwide prevalence of suicide
attempts (SA) was 4.6–16.9%, and that of suicidal ideation (SI) was
14.3–22.6% [10]. Given the high prevalence of MDD and suicidality
in adolescents, it is not only imperative to elucidate their
molecular underpinnings but also to identify the biological
markers that are associated with these devastating disorders at
early stages and provide strategies for effective interventions.
Accelerated cellular senescence has gained significant attention

for its role in stress responsiveness in the last few years [11].
Telomere length (TL) and mitochondrial DNA copy number
(mtDNAcn) are the two critical contributors to accelerated cellular
senescence [12]. Telomeres are six to eight base pair tandem
repeats at the ends of chromosomes that are part of nucleopro-
tein complexes. They preserve chromosomal stability and integrity

by capping the ends of chromosomes, thereby protecting them
from degradation or fusion with neighboring chromosomes
[13, 14]. Telomeres shorten with each cell division cycle and limit
the absolute number of cell divisions. It has been shown that the
shortening of TL can cause cellular senescence and DNA damage
and is directly associated with age-related diseases, neurodegen-
erative disorders, and some psychiatric illnesses [13–16]. Interest-
ingly, many [17–23] but not all [24–27] studies suggest a strong
association of TL shortening with psychological stress and MDD in
adults. Interestingly, higher severity and longer duration of
depressive symptoms have been found to be significantly
associated with TL shortening [28]. In addition, in a small number
of subjects, a few studies showed elevated telomerase activity in
MDD patients [29–31], which was significantly correlated with the
severity of depression [31]. With insufficient telomerase expres-
sion, telomeres shorten gradually with each cell division, which
limits the number of times they can divide [32].
MtDNAcn, an indirect measurement of mitochondrial function, is

also a marker of cellular senescence and can compensate for mtDNA
damage [33]. A few studies have found that people with MDD have
more mitochondrial DNA than healthy controls, and there is a
relationship between the amount of mtDNA present and previous
stress exposure [34]. In a mouse model of depression, it was found
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that stress significantly increased the amount of mtDNA and
decreased telomere length, which was normalized during a four-
week recovery period following the stress [35], suggesting that
mtDNAcn is regulated via stress. Interestingly, it has been proposed
that TL and mtDNAcn can be co-regulated in adult MDD patients via
increased hypothalamic–pituitary–adrenal (HPA) axis activity [12, 35].
A recent study also suggests that the two cellular processes are
altered in both brain and blood of adults who died by suicide [36].
Reports of TL and mtDNAcn in adolescent MDD patients are

very limited. One study found no association between depressive
symptoms and markers of cellular senescence; however, depres-
sive symptoms at baseline predicted faster TL shortening and
greater increases in mtDNAcn in adolescents who were followed
for two years [37]. So far, no study has examined TL and mtDNAcn
and their interrelationships with suicidal behavior in adolescent
MDD subjects. The present study was undertaken in well-
characterized adolescent MDD patients with and without suicid-
ality to examine if: 1) adolescent MDD is associated with
aberrations in TL and mtDNAcn; 2) these changes associated with
suicidality; 3) the severity of depressive symptoms and/or co-
morbid anxiety disorder impact these changes; 4) the changes in
TL and mtDNAcn interrelated; and 5) early-life stress (ELS) impact
TL and mtDNAcn, and if so, does the type of ELS differentially
affect TL and mtDNAcn? We hypothesized that adolescent
depressed individuals will show TL shortening and higher
mtDNAcn, which will be associated with suicidality. We also
hypothesize that early-life stress may mediate these abnormalities.

METHODS
Participants and clinical assessments
The study was reviewed and approved by the Institutional Review Board of
the University of Alabama at Birmingham (UAB). Written informed consent
from the parent or guardian and written assent from all participants were
obtained before any study procedures. Patients were recruited from the UAB
Department of Psychiatry clinics, the UAB Hospital Emergency Department,
and the UAB Huntsville Regional Medical Campus. Controls were recruited
via advertisement flyers. A total of 53 adolescents (19 MDD with a suicide
attempt (SA) or serious suicidal ideation (SI) with intent and plan within two
weeks prior to study entry [MDD+ SA/SI], 14 MDD without SA/SI (MDD-SA/
SI], and 20 healthy non-psychiatric controls [HC]) were included in this study.
All participants were evaluated using the Mini International Neuropsychiatric
Interview for Children and Adolescents [38]. Depression severity was
assessed using the clinician-rated Children’s Depression Rating Scale-
Revised (CDRS-R) [39] and the self-rated Beck Depression Inventory (BDI)-II
[40, 41]. Anxiety was measured using the Beck Anxiety Inventory (BAI) [42].
History of suicidal ideation, plans, intent, and behaviors was assessed using
the Columbia Suicide Severity Rating Scale (C-SSRS) [43]. The history of early
life trauma was determined using the Childhood Trauma Questionnaire
(CTQ) [44], which yields a total score and subscale score in five areas:
emotional (EA), physical (PA), and sexual abuse (SA), emotional neglect (EN),
and physical neglect (PN). Longitudinal studies show that PA, SA, and EA are
specifically associated with SA risk [45]. A recent meta-analysis also found a
markedly elevated risk for SA in people who had experienced PA (OR= 4.11),
SA (OR= 3.73), or EA (OR= 3.98) [45]. The patient groups met full DSM-5
diagnostic criteria for MDD [46] and had a CDRS-R score ≥30. Suicidal
participants had a C-SSRS score ≥3 rated over the previous two weeks.
Controls were free from any lifetime DSM-5 diagnoses. Both males and
females were included, and all participants were 21 years or younger. Key
exclusion criteria included pregnancy or lactation; being within two months
of delivery or miscarriage; any of the following DSM-5 diagnoses or
categories: a lifetime history of psychotic disorder; alcohol or drug use
disorder (except nicotine/caffeine) within the last month; the use of any
hallucinogen (except cannabis), in the last month; bipolar disorder; pervasive
developmental disorder; cognitive disorder; DSM-5 paranoid, schizoid, or
schizotypal personality disorders (PDs); and anorexia nervosa.

Collection and processing of blood samples and isolation of
genomic DNA (gDNA)
Peripheral blood samples from all participants were obtained and stored at
–80 °C before use. gDNA from blood was isolated. Briefly, red blood cell

lysis buffer containing 155mM NH4Cl, 10 mM KHCO3, and 0.1 mM EDTA
was added to the blood and mixed gently. The lysed samples were
centrifuged at 6000 rpm x 5min, and the supernatant was discarded.
500 µl of sodium EDTA was added to the pellet and mixed. The pellet was
suspended with 2.5 µl of proteinase-K and 200 µl of SDS and incubated at
55 °C for 2 hours. After incubation, an equal volume of phenol:chlorofor-
m:isoamyl alcohol (25:24:1 v/v/v) mixture was added to the samples. After
mixing, samples were centrifuged at 13,000 × 20min at room temperature.
The supernatants were transferred to fresh tubes, and 1/10th volume of
3 M sodium acetate, an equal volume of isopropanol, and 1 µl of glycogen
were added. After mixing the tube, DNA precipitates were stored at –30 °C
overnight. The precipitated DNA samples were centrifuged at 14,000 rpm x
20minutes at 4 °C. The pellets were washed with 70% ethyl alcohol by
centrifuging at 14,000 rpm x 20minutes at 4 °C. After washing twice, the
pellets were dried at room temperature for 10minutes and were dissolved
in Tris-EDTA buffer (pH 8.0). The quality of isolated genomic DNA was
initially tested on a Nanodrop to determine the purity of the samples by
determining 260/280 and 260/230 ratios for protein and other salt
impurities. The DNA samples with values over 1.8 for 260/280 and 2.0 for
260/230 were further processed for qPCR. Later, the samples were also run
on a diagnostic gel to identify any RNA contamination besides the
presence of high molecular weight genomic DNA.

Measurements of telomere length and mtDNA copy number
A total of 10 ng of gDNA/sample was used for each measurement. TL was
measured using quantitative polymerase chain reaction (qPCR), according
to the telomere/single-copy gene ratio method as previously described
[36, 47]. Briefly, TL was measured based on the method of determining the
ratio between the number of telomere repeats and that of β-globin (HBG),
which is a single-copy gene used as a quantitative control, relative to the
reference sample. mtDNAcn was determined based on measuring the ratio
between the amount of NADH dehydrogenase subunit 1 (ND1) and HBG.
All qPCR experiments were performed using Stratagene Mx3005P QPCR
System (Agilent Technologies, CA), with EvaGreen® qPCR Master Mix (Low
ROX) (Biotium, CA). The primers of telomere were as follows: Forward 5’-
GGTTTTT(GAGGGT)4GAGGGT-3’ (final concentration 0.27 µM) and Reverse
5’-TCCCGAC(TATCCC)5TA-3’ (final concentration 0.9 µM). The thermal
cycling conditions for PCR of telomere were: 95 °C for 10min, 25 cycles
of 95 °C for 15 s, and 56 °C for 60 s. The primers for ND1 were: Forward: 5’-
AACATACCCATGGCCAACCT-3’ and Reverse: 5’-AGCGAAGGGTTGTAG-
TAGCCC-3’ (both forward and reverse final concentration 0.8 µM). The
thermal cycling conditions of PCR for ND1 were: 95 °C for 10min, 40 cycles
of 95 °C for 15 s, 58 °C for 20 s and 72 °C for 20 s. The primers for HBG were:
Forward: 5’-GCTTCTGACACAACTGTGTTCACTAGC-3’ and Reverse: 5’-CAC-
CAACTTCATCCACGTTCACC-3’ ((both forward and reverse final concentra-
tion 0.8 µM). The thermal cycling conditions of PCR of HBG were: 95 °C for
10min, 40 cycles of 95 °C for 15 s, 58 °C for 20 s, and 72 °C for 20 s. The
qPCR of all three genes was performed in separate runs using the same
samples in the same well positions for each run. The experiments were
done in a blinded fashion.

Statistical analysis
Statistical analyses were performed with SPSS (V.22) software (IBM,
Chicago, IL). Shapiro–Wilk test was used for a test of normality. Fisher’s
exact test was used for categorical variables. Student’s t-test or ANOVA was
used for continuous and ordinal variables, and Bonferroni’s correction was
used for post-hoc analyses. In addition, to account for the differences in
age between groups, ANCOVA was used with age as a covariate.
Spearman’s correlation was used for correlation analysis. Multinomial
logistic regression was used to test the relationships between categorical
and continuous variables In this case, categorical variables were expressed
as dummy variables. The significance level was set at p ≤ 0.05. The data are
expressed as the mean ± standard deviation (SD).

RESULTS
Patient characteristics
Detailed demographic and clinical characteristics of controls and
MDD subjects are provided in Table 1. There were 40% females
and 60% males in the HC group and 79% females and 21% males
in the MDD group. The mean age was significantly higher in the
MDD+ SA/SI group than the MDD+ SA/SI (p < 0.001) and HC
(p= 0.007) groups.
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The CDRS and BDI-II mean scores in the total MDD group was
significantly higher than the HC group (both p > 0.001). Similarly,
the total CTQ score in the MDD group was significantly higher
than the control group (p < 0.001). When CTQ subscale scores in
five areas of early life stress were considered, physical neglect
(p= 0.0034), emotional abuse (p < 0.001), and emotional neglect
(p < 0.001) but not physical or sexual abuse were significantly
higher in the MDD group than in the HC group.
The BDI-II and the CDRS total scores were significantly higher in

the MDD+ SA/SI and MDD-SA/SI groups than in HC (p < 0.001).
MDD+ SA/SI group showed significantly higher CDRS total scores
than the MDD-SA/SI group (p= 0.04). C-SSRS (past week) was also
significantly higher in the MDD+ SA/SI group compared to MDD-
SA/SI group (p < 0.001).
The CTQ total score was significantly lower in the HC than the

MDD+ SA/SI group (p < 0.001) but not in the MDD-SA/SI group,
although it barely missed significance (p= 0.06). When individu-
ally measured, CTQ for physical neglect was significantly higher in
MDD+ SA/SI group than in the HC group (p= 0.04), whereas it
was not significantly different between MDD-SA/SI and HC groups.
On the other hand, both MDD+ SA/SI (p < 0.001) and MDD-SA/SI
(p= 0.0027) groups showed significantly higher CTQ for emotional
abuse than the HC group. As with physical abuse, CTQ scores for
emotional neglect were higher in both MDD+ SI/SA (p < 0.001)
and MDD-SI/SA (p= 0.009) groups than the HC group; however, it
was significantly lower in MDD-SA/SI group than the MDD+ SA/SI
group. CTQ score for sexual abuse was not significantly different
between MDD+ SA/SI, MDD-SA/SI, and HC groups.

Telomere length and mtDNA copy number between healthy
control and MDD groups
Comparisons of TL and mtDNAcn between MDD and HC subjects
are shown in Fig. 1. TL in the total MDD group was significantly
lower than the HC group (p= 0.045) (Fig. 1A). In contrast,
mtDNAcn was significantly higher in the total MDD group when
compared with the HC group (p= 0.028) (Fig. 1B).
To test the possibility of an interaction of TL and mtDNAcn, TL

was contrasted between the total MDD and HC groups using
ANCOVA with mtDNAcn as a covariate. The TL comparison
remained significant (F= 7.31, p= 0.009). The opposite interaction
was also tested. mtDNAcn was compared between groups by
ANCOVA with TL as a covariate and remained significant (F= 8.22,
p= 0.006). The correlation of TL and mtDNAcn was also non-
significant for the total sample (MDD and HC) (r= 0.17, p= 0.17)
and within the MDD group (r= 0.001, p= 0.995). However, TL and
mtDNAcn exhibited a strong correlation within the HC (r= 0.84,
p < 0.001) and MDD-SA/SI (r= 0.54, p= 0.045) groups, but not the
MDD+ SA/SI group (r= –0.35, p= 0.14). This indicates that

depressed patients show the typical positive relationship between
TL and mtDNA found in the controls. However, this expected
relationship is lost in the suicidal depressed participants.

Telomere length and mtDNA copy number between healthy
controls and MDD subjects with or without suicidal ideation
or behavior
Figure 2 shows the comparisons of TL and mtDNAcn between
MDD+ SA/SI, MDD-SA/SI, and HC groups. ANOVA showed that
both TL (F(2, 50)= 4.1; p= 0.023) and mtDNAcn (F(2, 50)= 4.0;
p= 0.025) were significantly different between groups. Since age
significantly differed between MDD+ SA/SI, MDD-SA/SI, and HC
groups, we also compared the group differences for TL and
mtDNAcn using ANCOVA using age as a covariate. The overall
ANCOVA showed that both TL (F(2, 49)= 2.9; p= 0.042) and
mtDNAcn (F(2, 49)= 3.3; p= 0.026) were significantly different
between the three groups. Post-hoc analysis showed that TL in the
MDD+ SA/SI group was significantly lower than the HC group
(p= 0.024), whereas MDD-SA/SI was not significantly different
from the HC (Fig. 2A). Similarly, mtDNAcn in the MDD+ SA/SI
group was significantly higher than the HC group (p= 0.022) and
the MDD-SA/SI was not different from HC (Fig. 2B).

Correlation between telomere length and mtDNA copy
number in each individual group
As shown in Fig. 3, TL was significantly positively correlated with
mtDNAcn in HC (r= 0.81; p < 0.001) and MDD-SA/SI (r= 0.54;
p= 0.045) groups. Conversely, TL was negatively correlated with
mtDNAcn in MDD+ SA/SI group, although it was not statistically
significant (r=−0.35; p= 0.14) (Fig. 3).

Effect of demographic and clinical variables on telomere
length and mtDNA copy number
Correlation of TL or mtDNAcn with clinical and demographic
characteristics, including age, suicide severity, BDI-II, CDRS, BAI,
C-SSRS (past week), C-SSRS (lifetime), total CTQ in each individual
category (CTQ PA, CTQ PN, CTQ EA, CTQ EN, and CTQ SA) were
determined. TL, but not mtDNAcn, was significantly negatively
correlated with CDRS total score (r=−0.36; p= 0.010), and BAI
total score (r=−0.29; p= 0.039) (Fig. 4A, B). Multinomial logistic
regression indicated that mtDNAcn (Likelihood ratio = 157.2,
df=60, p= 0.02) but not TL (Likelihood ratio = 107.1, df=60,
p= –0.20) were associated. However, when age was entered as a
covariate, the finding with mtDNAcn became non-significant
(Likelihood ratio = 186.2, df=60, p= 0.28).
mtDNAcn was significantly correlated with CTQ EA score

(r= 0.29; p= 0.025) (Fig. 4C) but not with other CTQ scores. No
significant correlations were observed between other variables

Fig. 1 Telomere length and mtDNA copy number between healthy controls and MDD. A TL in the total MDD (n= 33) was significantly
lower than in the HC (n= 20). B mtDNAcn in the total MDD (n= 33) was significantly higher than HC (n= 20). Error bars show the mean ± SD.
Student’s t test was used. *P < 0.05 was defined as significance. MDD Major Depressive Disorder, HC Healthy Controls, mtDNAcn mtDNA copy
number.
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and TL and mtDNAcn (Supplementary Table 1, Supplementary
Fig. 1, and Supplementary Fig. 2). All the correlations related to TL
or mtDNAcn are shown in Supplementary Table 1.
The significant association between EA and mtDNAcn raises the

possibility that the differences in the overall depression sample
and the MDD+ SA/SI subgroup from HC in this variable could be
driven primarily by the history of abuse. To test this, the analyses
for the MDD versus HC and the subgroups versus HC was repeated
using ANCOVA with the CTQ EA score added as a covariate. In fact,
the differences for both the overall depression group and the
MDD+ SA/SI subgroup became non-significant (F= 0.269, p=NS,
F= 0.563, p=NS, respectively).

DISCUSSION
The main findings of this study were that TL was significantly
reduced and mtDNAcn was significantly increased in depressed
adolescents. The results are consistent with findings in most
studies of adults with MDD for both TL [17–23] and mtDNAcn [34].
One prior study in adolescents no association between depressive

symptoms and markers of cellular senescence and baseline but
did find faster TL shortening and greater increases in mtDNAcn
over two years [37]. These results coupled with ours indicate that
MDD patients may be experiencing accelerated cellular senes-
cence across the lifespan. Accelerated senescence is associated
with a wide variety of stresses, including endogenous character-
istics, such as oxidative stress and inflammatory markers such as
cytokines and chemokines [48], but also exogenous factors like
psychological stress [49]. Accelerated cell aging is associated with
increased risks for certain cancers, cardiovascular disease, diabetes
and metabolic syndrome, and other conditions [49]. Shortened TL
can be transmitted intergenerationally by direct germ line
transmission of shortened telomeres and by enhanced cellular
stress in utero [49]. The association of depression with accelerated
cell aging could explain the increased susceptibility of depressed
people to a range of conditions, including metabolic disease, type
II diabetes, and cardiovascular disease [50].
An interesting observation in the study was that both the HC

and the MDD-SA/SI groups showed positive correlations between
TL and mtDNAcn (r= 0.81 and 0.54 respectively), indicating that
greater TL was associated with higher mtDNAcn. This relationship
was completely lost in the MDD+ SA/SI group (r=−0.35). These
results suggest that, while both TL and mtDNAcn are significantly
different in the MDD versus HC comparison, the mechanisms
accounting for each are likely to be different. It also indicates that
there may be unique biology in the MDD+ SA/SI group that
accounts for the lack of relationships between the variables.
Unique to this study was the observation that the differences

between MDD patients and HC of both TL and mtDNAcn was
predominantly found in MDD patients with acute serious suicidal
ideation or behavior (Fig. 2). Otsuka et al. [36] reported that adults
who died by suicide had TL shortening and increased mtDNAcn in
blood, which is consistent with our findings. However, it should be
noted that the MDD+ SA/SI group and MDD-SA/SI groups were
not significantly different.
A previous meta-analysis in the adult population also revealed

that TL shortening was significantly associated with the severity of
MDD [28] and that TL shortening was associated with the number
of suicide attempts in MDD patients [51]. Another study showed a
significantly higher association between TL shortening and suicide
in patients with age <50 years; this association was absent in older
patients with age >50 years [52], possibly due to the typical TL
shortening associated with aging. Previous studies have also
reported a significant correlation between TL shortening and

Fig. 2 Telomere length and mtDNA copy number between healthy controls, MDD-SA/SI, and MDD+ SA/SI. A TL in the MDD+ SA/SI group
(n= 19) was significantly lower than the HC group (n= 20). There was no significant difference between the MDD+ SA/SI group (n= 19) and
MDD-SA/SI (n= 14) groups and between the MDD-SA/SI group and HC group. B mtDNAcn in the MDD+ SA/SI group was significantly lower
compared to the HC group. There was no significant difference between MDD+ SA/SI group and MDD-SA/SI group and between the MDD-
SA/SI group and the HC group. Error bars show the mean ± SD. ANOVA adjusted by Bonferroni correction was used. *P < 0.05 was defined as
significance. MDD Major Depressive Disorder, SA suicide attempt, SI suicidal ideation, HC Healthy Controls, mtDNAcn mtDNA copy number.

Fig. 3 Correlation of Telomere length and mtDNA copy number
between healthy controls, MDD-SA/SI, and MDD+ SA/SI. TL was
significantly positively correlated with mtDNAcn in the HC group
(n= 20) and the MDD-SA/SI group (n= 14). Telomere length was
negatively correlated with mtDNAcn in MDD+ SA/SI group (n= 19),
although the data did not reach the significance level. Spearman’s
correlation was used. *P < 0.05 was defined as significance. *p < 0.05,
**p < 0.01, ***p < 0.001. MDD Major Depressive Disorder, SA suicide
attempt, SI suicidal ideation, mtDNAcn mtDNA copy number.
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higher severity and longer durations of depressive symptoms in
adults [23], as well as BAI scores in adult MDD patients [53]. Our
study showed a significant correlation between depression
severity measured by the clinician-rated CDRS and TL but no
correlation with the self-rated BDI-II. However, TL was significantly
correlated with the BAI score. A previous study has shown that
depressed individuals with anxiety have a higher risk of suicidal
ideation and suicide attempts than those without anxiety [54].
Recently, Ford et al. [55] reported that adolescents with current
MDD had significantly shorter TL than adolescents who were
never diagnosed with MDD, and TL was negatively associated with
higher depressive symptom scores. Furthermore, they reported
that TL in adolescents with an anxiety disorder was not
significantly shorter than in adolescents who were never
diagnosed with anxiety disorder; however, TL was negatively
associated with higher anxiety symptom scores. This is consistent
with our current study and suggests that TL is associated with
depressive symptoms and comorbid anxiety, especially suicidality.
mtDNAcn was not associated with any of the three measurements,
CDRS, BDI-II, or BAI. These results are consistent with the findings
in adults of a positive correlation between depression severity and
TL, at least with the objective measure of depression.
mtDNAcn was significantly correlated with EA as measured by

the CTQ, whereas TL was not. Interestingly, when the group
contrasts between the overall MDD and the subgroups versus HC
for mtDNA was repeated with EA as a covariate, the results for
overall MDD group and the MDD+ SA/SI subgroup versus HC for
mtDNAcn became non-significant. This raises the possibility that
the increased mtDNAcn in MDD patients in general and that
associated with the MDD+ SA/SI subgroup in particular may be
moderated by history of EA and may not be related to depression
or suicidality per se. This clearly needs to be replicated.
On our first examination, it would appear that only EA was

associated with mtDNAcn, and not other types of abuse (e.g., PA,
SA, PN, and EN). However, the lack of association of mtDNAcn with
other types of trauma may well be related to a restricted range
problem. As evident in Table 1, with the exception of PN, the
differences between the HC and either the total MDD sample or
the two MDD subgroups were very small. Only EN and PN
achieved statistical significance, and the absolute difference of the
means for PN was very modest. In adult MDD samples, the CTQ
subscale scores are usually significantly higher, particularly for PA.
It is unclear exactly why the scores would be lower in an
adolescent sample. It is possible that this is due to underreporting
of other abuse, particularly physical and sexual abuse, by an
adolescent sample. It may also be due to a selection bias, in that
adolescents who had experienced higher levels of abuse or their
caregivers may have elected not to participate in the study, since

the consent form was explicit regarding questions about trauma
history. Future studies may need to ascertain trauma history using
different methodology.
The mechanisms associated with the shortening of TL are not

clearly understood; however, altered HPA axis activity has been
considered to play a key role in cellular senescence [12]. It has
been shown that TL shortening was associated with greater
activity of the HPA axis in children [56] and that increased
glucocorticoid concentrations in early life were associated with
mitochondrial inefficiency and the shortening of telomeres [57].
Furthermore, glucocorticoid-induced oxidative damage can mod-
ify nucleotide sequences within the telomere, which in turn, may
accelerate the telomere shortening process. This is supported by a
study demonstrating a significant negative correlation between
oxidative stress and TL shortening in MDD patients [24] and that
cortisol can reduce the transcription of telomere reverse
transcriptase, an enzyme responsible for TL gene expression
[58]. TL can also be regulated by FK506-binding protein 51,
encoded by FKBP5, which is an hsp90 co-chaperone. FKBP5 is
activated in response to stress, which inhibits glucocorticoid
receptor (GR) translocation, thereby modulating GR sensitivity, a
critical element of HPA axis modulation [59, 60]. Several groups,
including ours, suggest altered HPA axis activity in suicidal
adolescents [61, 62]. In addition, we recently summarized studies
showing that epigenetic changes in FKBP5 gene were associated
with adolescent depression with ELS [5]. Most recently, Rizavi et al.
[63] reported that FKBP5 methylation was significantly decreased,
and mRNA expression was significantly increased in the prefrontal
cortex and hippocampus, and decreased mRNA expressions, and
increased methylations of some GR variants in the prefrontal
cortex of teenage suicide completers. These studies indicate that
FKBP5 gene could play an important role in adolescent depression
and suicide. Whether FKBP5 gene is involved with the observed
reduced TL shortening in depressed suicidal adolescents, needs
further study.
He et al. [64] reported that mtDNAcn was not significantly

associated with moderate MDD in young adults, though mtDNAcn
was significantly negatively correlated with depressive symptoms.
Humphreys et al. [37] also found no association between
depressive symptoms in adolescents and mtDNAcn at baseline;
however, depressive symptoms at baseline predicted a greater
increase in mtDNAcn over a follow-up period of two years. In
contrast, a study by Chang et al. [65] reported a significant
association between decreased mtDNAcn and MDD in the adult
population. Similarly, a postmortem brain study reported lower
mtDNAcn in the prefrontal cortex of adult suicide completers
compared to healthy controls [36]. Our finding of significantly
higher mtDNAcn in the MDD suicidal group exclusively is

Fig. 4 Telomere length and mtDNA copy number between healthy controls, MDD-SA/SI, and MDD+ SA/SI. A TL was significantly
correlated with CDRS total score. B TL was significantly correlated with BAI total score. C mtDNAcn was significantly correlated with CTQ
emotional abuse (EA). *P < 0.05 was defined as significance. *p < 0.05, **p < 0.01. mtDNAcn mtDNA copy number; CDRS Children’s Depression
Rating Scale, BAI Beck Anxiety Inventory, CTQ Childhood Trauma Questionnaire.
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interesting and suggests that increased mtDNAcn may specifically
be associated with suicidality in adolescents.
Our findings of both reduced TL and increased miDNAcn are

consistent with recent studies showing telomere shortening can
affect mitochondria activity [36, 37, 66]. It has been suggested that
TL and mtDNAcn interact with each other, and this interaction
could be regulated via the peroxisome proliferator-activated
receptor gamma coactivator 1α and 1β (PGC-1α and PGC-1β),
master regulators of mitochondrial biogenesis [12, 67]. PGC-1α
and PGC-1β activate p53, which plays a key role in regulating
cellular senescence via p53/p21cip1 pathway [68]. When DNA
damage occurs due to telomere erosion, p53, and DNA damage
response pathways are activated, which in turn suppress PGC-1α
and PGC-1β, leading to mitochondrial dysfunction [69, 70]. In the
aging process, telomere shortening increases mitochondria
biogenesis. This is mediated via the activation of ataxia
telangiectasia-mutated (ATM)-dependent DNA damage, which in
turn, stimulates AKT, resulting in PGC-1β-dependent mitochon-
drial biogenesis and reactive oxygen species generation [71]. TL
shortening might be causing mitochondrial dysfunction via ATM-
P53-PGC1α/β in adolescent depressed suicidal patients. In a
mouse study, Cai et al. [35] found that stress significantly
increased the amount of mtDNA and decreased telomere length
in saliva and blood. Administration of corticosterone to mice also
showed similar changes, suggesting that the hyperactive HPA axis
might be influencing these molecular changes. Whether P53/PGC/
ATM pathways are involved and work synergistically or indepen-
dently with the HPA axis in modulating TL and mtDNAcn in
adolescent suicidal patients’ needs further study.
Activation of inflammatory pathways has been consistently

linked with major depression [72, 73], suggesting that immune
dysregulation may play a central role in the pathogenesis of
depression. In addition, pro-inflammatory conditions may play an
upstream role in suicide-related behavior, and pro-inflammatory
states may be independently associated with the risk of suicidality
[74–79]. Interestingly, it has been shown that diseases associated
with chronic inflammation are also associated with telomere
shortening [80–82], suggesting the possibility of an interaction of
inflammation and telomere dysfunction and their contribution to
disease and progression [83]. In the future, it will be worth pursuing
if the observed TL shortening is associated with increased
inflammatory markers in adolescent MDD suicidal patients.
A few earlier studies have reported that shorter TL and higher

mtDNAcn are associated with ELS in adults [35, 66]. This study
reports for the first time that among adolescents increased
mtDNAcn, but not TL shortening was significantly correlated with
ELS, specifically with emotional abuse. ELS is a known risk factor
for MDD and suicidality in both adults and adolescents [5]. It has
been reported that sexual, physical, and emotional abuse
increases the risk for MDD-emotional abuse being the strongest
[84, 85]. Zhang et al. [86] reported that emotional abuse was
significantly associated with depression in adolescents via low
levels of self-compassion and negative automatic thoughts but
not with depression directly. On the other hand, physical abuse
was significantly associated with depression directly [86]. Another
report also suggested that emotional abuse and neglect were
significantly associated with depressive symptoms via low levels
of self-compassion in adulthood [87]. Interestingly, mindfulness-
based meditation focusing on self-compassion was correlated
with longer TL in adults [88–90].
These results, coupled with our findings, raise the possibility

that impairment of self-compassion related to emotional abuse
may play an essential role in the biological and psychological
aspects of the development of MDD via the pathway of cellular
senescence. Combined evaluation of self-compassion and cellular
senescence biomarkers, such as TL and mtDNAcn, may provide an
effective clinical and biological tool for identifying elevated risk of
MDD with suicidal ideation in adolescents. Furthermore, mtDNAcn

may be more sensitive to environmental factors, including
emotional abuse, than other factors in cellular senescence, such
as TL, in adolescents.
This present study has some limitations. First, this is a cross-

sectional study and cannot clarify the longitudinal relationships
between TL, mtDNAcn, and the onset of MDD. Second, our data
suggests that there may be a progressive decline in TL and an
increase in mtDNAcn in MDD-SA/SI and MDD+ SA/SI groups
compared to HC group. However, the MDD-SA/SI did not
significantly differ from either the HC or MDD+ SA/SI groups.
This could be due to a relatively small sample size in each group.
Third, race was limited to Whites and African Americans. Previous
meta-analyses in bipolar patients showed that changes in
mtDNAcn were significantly associated with the Asian population
[91], prompting them to include more ethnic groups in the study
population. Fourth, we did not investigate the epigenetic aspect
of TL and mtDNAcn. As we found an association between
emotional abuse and mtDNAcn in adolescent MDD subjects, it will
be interesting to examine if the observed modifications in TL and/
or mtDNAcn are impacted via epigenetic mechanisms. Interest-
ingly, a recent study showed that telomere homeostasis and
genomic stability are regulated via m6A methylation [92]. Finally,
the present study lacks proinflammatory cytokine data. This could
have been useful in determining the relationship between the TL
shortening and abnormalities in immune functions, as discussed
previously. Finally, while the primary comparisons were significant
after correction for multiple comparisons, the remaining tests
were exploratory and replication is needed.
Altogether, it appears that altered TL and mtDNAcn may play an

important role in adolescent depression, particularly in the context
of suicidality, and that ELS, particularly emotional abuse, could
mediate the differences in mtDNAcn. As mentioned previously,
telomeres protect the ends of chromosomes, thereby preventing
DNA degradation, recombination, and DNA end fusions. TL
shortening thus significantly impacts cellular aging. In addition,
telomere length and mitochondrial functions are regulated in a
highly shared manner. Given the emerging body of evidence
implicating cellular aging in psychiatric disorders, our present
study is highly relevant and suggests that both mtDNAcn and TL
can serve as biomarkers for suicidality in adolescent depressed
subjects and targets for therapeutics. In fact, it has been shown
that indices of cellular protection may be involved in the
therapeutic mechanisms of psychological treatment for anxiety
[93] and that lithium’s mechanism of action is intimately
connected with the interdependent regulation of mitochondrial
bioenergetics and telomere maintenance [94]. Further long-
itudinal studies will be needed to test if the abnormalities in TL
and mtDNA content in adolescent MDD subjects are the causative
factors or precede behavioral changes and whether they can serve
as targets of antidepressant action.

DATA AVAILABILITY
All data needed to evaluate the conclusions in the paper are present in the paper or
the Supplementary materials.

REFERENCES
1. Emslie GJ, Ventura D, Korotzer A, Tourkodimitris S. Escitalopram in the treatment

of adolescent depression: a randomized placebo-controlled multisite trial. J Am
Acad Child Adolesc Psychiatry. 2009;48:721–9.

2. Daly M. Prevalence of depression among adolescents in the U.S. from 2009 to
2019: analysis of trends by sex, race/ethnicity, and income. J Adolesc Health.
2022;70:496–9.

3. Grossberg A, Rice T. Depression and suicidal behavior in adolescents. Med Clin
North Am. 2022;107:169–82.

4. Avenevoli S, Swendsen J, He J-P, Burstein M, Merikangas KR. Major depression in
the national comorbidity survey–adolescent supplement: prevalence, correlates,
and treatment. J Am Acad Child Adolesc Psychiatry. 2015;54:37–44.e2.

S. Ochi et al.

3926

Molecular Psychiatry (2023) 28:3920 – 3929



5. Ochi S, Dwivedi Y. Dissecting early life stress-induced adolescent depression
through epigenomic approach. Mol Psychiatry. 2023;28:141–53.

6. Dwyer JB, Landeros-Weisenberger A, Johnson JA, Tobon AL, Flores JM, Nasir M,
et al. Efficacy of intravenous ketamine in adolescent treatment-resistant
depression: a randomized midazolam-controlled trial. Am J Psychiatry.
2021;178:352–62.

7. Roy B, Dwivedi Y. Modeling endophenotypes of suicidal behavior in animals.
Neurosci Biobehav Rev. 2021;128:819–27.

8. Miron O, Yu K-H, Wilf-Miron R, Kohane IS. Suicide rates among adolescents and
young adults in the United States, 2000–2017. JAMA. 2019;321:2362–4.

9. Curtin SC. State suicide rates among adolescents and young adults aged 10-24:
United States, 2000–2018. Natl Vital Stat Rep. 2020;69:1–10.

10. Meter ARV, Knowles EA, Mintz EH. Systematic review and meta-analysis: inter-
national prevalence of suicidal ideation and attempt in youth. J Am Acad Child
Adolesc Psychiatry. 2023;62:973–86.

11. Roger L, Tomas F, Gire V. Mechanisms and regulation of cellular senescence. Int J
Mol Sci. 2021;22:13173.

12. Hovatta I. Genetics: dynamic cellular aging markers associated with major
depression. Curr Biol. 2015;25:R409–R411.

13. Asghar M, Odeh A, Fattahi AJ, Henriksson AE, Miglar A, Khosousi S, et al. Mito-
chondrial biogenesis, telomere length and cellular senescence in Parkinson’s
disease and Lewy body dementia. Sci Rep. 2022;12:17578.

14. Revy P, Kannengiesser C, Bertuch AA. Genetics of human telomere biology dis-
orders. Nat Rev Genet. 2023;24:86–108.

15. Li Y, Sundquist K, Wang X, Zhang N, Hedelius A, Sundquist J, et al. Association of
mitochondrial DNA copy number and telomere length with prevalent and inci-
dent cancer and cancer mortality in women: a prospective swedish population-
based study. Cancers. 2021;13:3842.

16. Schroder JD, Araújo JB, de, Oliveira T, de, Moura AB, de, Fries GR, Quevedo J, et al.
Telomeres: the role of shortening and senescence in major depressive disorder
and its therapeutic implications. Rev Neurosci. 2022;33:227–55.

17. Simon NM, Smoller JW, McNamara KL, Maser RS, Zalta AK, Pollack MH, et al.
Telomere shortening and mood disorders: preliminary support for a chronic
stress model of accelerated aging. Biol Psychiatry. 2006;60:432–5.

18. Lung F-W, Chen NC, Shu B-C. Genetic pathway of major depressive disorder in
shortening telomeric length. Psychiatr Genet. 2007;17:195–9.

19. Hartmann N, Boehner M, Groenen F, Kalb R. Telomere length of patients with
major depression is shortened but independent from therapy and severity of the
disease. Depress Anxiety. 2010;27:1111–6.

20. Wikgren M, Maripuu M, Karlsson T, Nordfjäll K, Bergdahl J, Hultdin J, et al. Short
telomeres in depression and the general population are associated with a
hypocortisolemic state. Biol Psychiatry. 2012;71:294–300.

21. Garcia-Rizo C, Fernandez-Egea E, Miller BJ, Oliveira C, Justicia A, Griffith JK, et al.
Abnormal glucose tolerance, white blood cell count, and telomere length in
newly diagnosed, antidepressant-naïve patients with depression. Brain Behav
Immun. 2013;28:49–53.

22. Hoen PW, Rosmalen JGM, Schoevers RA, Huzen J, van der Harst P, de Jonge P.
Association between anxiety but not depressive disorders and leukocyte telo-
mere length after 2 years of follow-up in a population-based sample. Psychol
Med. 2013;43:689–97.

23. Verhoeven JE, Révész D, Epel ES, Lin J, Wolkowitz OM, Penninx BWJH. Major
depressive disorder and accelerated cellular aging: results from a large psy-
chiatric cohort study. Mol Psychiatry. 2014;19:895–901.

24. Wolkowitz OM, Mellon SH, Epel ES, Lin J, Dhabhar FS, Su Y, et al. Leukocyte
telomere length in major depression: correlations with chronicity, inflammation
and oxidative stress - preliminary findings. PLoS One. 2011;6:e17837.

25. Teyssier J-R, Chauvet-Gelinier J-C, Ragot S, Bonin B. Up-regulation of leucocytes
genes implicated in telomere dysfunction and cellular senescence correlates with
depression and anxiety severity scores. PLoS One. 2012;7:e49677.

26. Needham BL, Mezuk B, Bareis N, Lin J, Blackburn EH, Epel ES. Depression, anxiety
and telomere length in young adults: evidence from the National Health and
Nutrition Examination Survey. Mol Psychiatry. 2015;20:520–8.

27. Schaakxs R, Wielaard I, Verhoeven JE, Beekman ATF, Penninx BWJH, Comijs HC.
Early and recent psychosocial stress and telomere length in older adults. Int
Psychogeriatr. 2016;28:405–13.

28. Ridout KK, Ridout SJ, Price LH, Sen S, Tyrka AR. Depression and telomere length: a
meta-analysis. J Affect Disord. 2016;191:237–47.

29. Wolkowitz OM, Mellon SH, Epel ES, Lin J, Reus VI, Rosser R, et al. Resting leukocyte
telomerase activity is elevated in major depression and predicts treatment
response. Mol Psychiatry. 2012;17:164–72.

30. Chen SH, Epel ES, Mellon SH, Lin J, Reus VI, Rosser R, et al. Adverse childhood
experiences and leukocyte telomere maintenance in depressed and healthy
adults. J Affect Disord. 2014;169:86–90.

31. Bürhan-Çavuşoğlu P, İscan E, Güneş A, Atabey N, Alkın T. Increased telomerase
activity in major depressive disorder with melancholic features: Possible role of

pro-inflammatory cytokines and the brain-derived neurotrophic factor. Brain
Behav Immun Health. 2021;14:100259.

32. Muraki K, Nyhan K, Han L, Murnane JP. Mechanisms of telomere loss and their
consequences for chromosome instability. Front Oncol. 2012;2:135.

33. Melicher D, Illés A, Littvay L, Tárnoki ÁD, Tárnoki DL, Bikov A, et al. Positive
association and future perspectives of mitochondrial DNA copy number and
telomere length – a pilot twin study. Arch Med Sci. 2019;17:1191–9.

34. Cai N, Li Y, Chang S, Liang J, Lin C, Zhang X, et al. Genetic control over mtDNA
and its relationship to major depressive disorder. Curr Biol. 2015;25:3170–7.

35. Cai N, Chang S, Li Y, Li Q, Hu J, Liang J, et al. Molecular signatures of major
depression. Curr Biol. 2015;25:1146–56.

36. Otsuka I, Izumi T, Boku S, Kimura A, Zhang Y, Mouri K, et al. Aberrant telomere
length and mitochondrial DNA copy number in suicide completers. Sci Rep.
2017;7:3176.

37. Humphreys KL, Sisk LM, Manczak EM, Lin J, Gotlib IH. Depressive symptoms
predict change in telomere length and mitochondrial DNA copy number across
adolescence. J Am Acad Child Adolesc Psychiatry. 2020;59:1364–70.e2.

38. Sheehan DV, Sheehan KH, Shytle RD, Janavs J, Bannon Y, Rogers JE, et al.
Reliability and validity of the mini international neuropsychiatric interview for
children and adolescents (MINI-KID). J Clin Psychiatry. 2010;71:313–26.

39. Mayes TL, Bernstein IH, Haley CL, Kennard BD, Emslie GJ. Psychometric properties
of the children’s depression rating scale–revised in adolescents. J Child Adolesc
Psychopharmacol. 2010;20:513–6.

40. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring
depression. Arch Gen Psychiatry. 1961;4:561–71.

41. Beck AT, Steer RA, Ball R, Ranieri WF. Comparison of Beck depression inventories-
IA and-II in psychiatric outpatients. J Pers Assess. 1996;67:588–97.

42. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical
anxiety: psychometric properties. J Consult Clin Psychol. 1988;56:893–7.

43. Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The
Columbia–suicide severity rating scale: initial validity and internal consistency
findings from three multisite studies with adolescents and adults. Am J Psy-
chiatry. 2011;168:1266–77.

44. Bernstein D, Fink L. Manual for the childhood trauma questionnaire. New York,
NY: The Psychological Corporation. 1998.

45. Zatti C, Rosa V, Barros A, Valdivia L, Calegaro VC, Freitas LH, et al. Childhood
trauma and suicide attempt: A meta-analysis of longitudinal studies from the last
decade. Psychiat Res. 2017;256:353–8.

46. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders, 5th edition: DSM-5. American Psychiatric Association Publishing. 2013.

47. Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids Res.
2002;30:e47.

48. Kuilman T, Michaloglou C, Mooi WJ, Peeper DS. The essence of senescence.
Genes Dev. 2010;24:2463–79.

49. Lin J, Epel E. Stress and telomere shortening: Insights from cellular mechanisms.
Ageing Res Rev. 2022;73:101507.

50. Marazziti D, Rutigliano G, Baroni S, Landi P, Dell’Osso L. Metabolic syndrome and
major depression. CNS Spectr. 2014;19:293–304.

51. Birkenæs V, Elvsåshagen T, Westlye LT, Høegh MC, Haram M, Werner MCF, et al.
Telomeres are shorter and associated with number of suicide attempts in
affective disorders. J Affect Disorders. 2021;295:1032–9.

52. Kim H, Cho SJ, Yoo SH, Kim SH, Ahn YM. Association between telomere length
and completed suicide observed in 71 suicide victims – preliminary findings. J
Psychosom Res. 2019;120:8–11.

53. Verhoeven JE, Oppen P, van, Révész D, Wolkowitz OM, Penninx BWJH. Depressive
and anxiety disorders showing robust, but non-dynamic, 6-year longitudinal
association with short leukocyte telomere length. Am J Psychiatry.
2016;173:617–24.

54. Choi KW, Kim Y-K, Jeon HJ. Comorbid anxiety and depression: clinical and con-
ceptual consideration and transdiagnostic treatment. Adv Exp Med Biol.
2020;1191:219–35.

55. Ford JL, Pickler R, Browning CR, Tarrence J, Anderson AM, Kertes DA. Associations
of depression and anxiety and adolescent telomere length. Psychoneur-
oendocrinology. 2023;155:106310.

56. Gotlib IH, LeMoult J, Colich NL, Foland-Ross LC, Hallmayer J, Joormann J, et al.
Telomere length and cortisol reactivity in children of depressed mothers. Mol
Psychiatry. 2015;20:615–20.

57. Casagrande S, Stier A, Monaghan P, Loveland JL, Boner W, Lupi S, et al. Increased
glucocorticoid concentrations in early life cause mitochondrial inefficiency and
short telomeres. J Exp Biol. 2020;223:jeb222513.

58. Choi J, Fauce SR, Effros RB. Reduced telomerase activity in human T lymphocytes
exposed to cortisol. Brain Behav Immun. 2008;22:600–5.

59. Riggs DL, Roberts PJ, Chirillo SC, Cheung‐Flynn J, Prapapanich V, Ratajczak T, et al.
The Hsp90‐binding peptidylprolyl isomerase FKBP52 potentiates glucocorticoid
signaling in vivo. EMBO J. 2003;22:1158–67.

S. Ochi et al.

3927

Molecular Psychiatry (2023) 28:3920 – 3929



60. Mamdani F, Rollins B, Morgan L, Myers RM, Barchas JD, Schatzberg AF, et al.
Variable telomere length across post-mortem human brain regions and specific
reduction in the hippocampus of major depressive disorder. Transl Psychiatry.
2015;5:e636.

61. Pandey GN, Rizavi HS, Ren X, Dwivedi Y, Palkovits M. Region-specific alterations in
glucocorticoid receptor expression in the postmortem brain of teenage suicide
victims. Psychoneuroendocrinology. 2013;38:2628–39.

62. Miller AB, Prinstein MJ. Adolescent suicide as a failure of acute stress-response
systems. Annu Rev Clin Psychol. 2019;15:1–26.

63. Rizavi HS, Khan OS, Zhang H, Bhaumik R, Grayson DR, Pandey GN. Methylation
and expression of glucocorticoid receptor exon-1 variants and FKBP5 in teenage
suicide-completers. Transl Psychiatry. 2023;13:53.

64. He Y, Tang J, Li Z, Li H, Liao Y, Tang Y, et al. Leukocyte mitochondrial DNA copy
number in blood is not associated with major depressive disorder in young
adults. PLoS One. 2014;9:e96869.

65. Chang C-C, Jou S-H, Lin T-T, Lai T-J, Liu C-S. Mitochondria DNA change and
oxidative damage in clinically stable patients with major depressive disorder.
PLoS One. 2015;10:e0125855.

66. Tyrka AR, Parade SH, Price LH, Kao H-T, Porton B, Philip NS, et al. Alterations of
mitochondrial DNA copy number and telomere length with early adversity and
psychopathology. Biol Psychiatry. 2016;79:78–86.

67. Fang EF, Scheibye-Knudsen M, Chua KF, Mattson MP, Croteau DL, Bohr VA.
Nuclear DNA damage signalling to mitochondria in ageing. Nat Rev Mol Cell Biol.
2016;17:308–21.

68. Mijit M, Caracciolo V, Melillo A, Amicarelli F, Giordano A. Role of p53 in the
regulation of cellular senescence. Biomolecules. 2020;10:420.

69. Reinhardt HC, Schumacher B. The p53 network: cellular and systemic DNA
damage responses in aging and cancer. Trends Genet. 2012;28:128–36.

70. Dabrowska A, Venero JL, Iwasawa R, Hankir M, Rahman S, Boobis A, et al. PGC-1α
controls mitochondrial biogenesis and dynamics in lead-induced neurotoxicity.
Aging. 2015;7:629–43.

71. Correia‐Melo C, Marques FD, Anderson R, Hewitt G, Hewitt R, Cole J, et al.
Mitochondria are required for pro‐ageing features of the senescent phenotype.
EMBO J. 2016;35:724–42.

72. Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante CM, Howes OD.
Inflammatory markers in depression: A meta-analysis of mean differences and
variability in 5,166 patients and 5,083 controls. Brain Behav Immun. 2020;87:901–9.

73. Toenders YJ, Laskaris L, Davey CG, Berk M, Milaneschi Y, Lamers F, et al.
Inflammation and depression in young people: a systematic review and pro-
posed inflammatory pathways. Mol Psychiatry. 2022;27:315–27.

74. Brundin L, Erhardt S, Bryleva E, Achtyes E, Postolache T. The role of inflammation
in suicidal behaviour. Acta Psychiatr Scand. 2015;132:192–203.

75. Setiawan E, Wilson AA, Mizrahi R, Rusjan PM, Miler L, Rajkowska G, et al. Role of
translocator protein density, a marker of neuroinflammation, in the brain during
major depressive episodes. JAMA Psychiatry. 2015;72:268–75.

76. Batty GD, Bell S, Stamatakis E, Kivimäki M. Association of systemic inflammation
with risk of completed suicide in the general population. JAMA Psychiatry.
2016;73:993.

77. Brundin L, Bryleva EY, Rajamani KT. Role of inflammation in suicide: from
mechanisms to treatment. Neuropsychopharmacology. 2017;42:271–83.

78. Bergmans RS, Kelly KM, Mezuk B. Inflammation as a unique marker of suicide
ideation distinct from depression syndrome among U.S. adults. J Affect Disord.
2019;245:1052–60.

79. Serafini G, Parisi VM, Aguglia A, Amerio A, Sampogna G, Fiorillo A, et al. A specific
inflammatory profile underlying suicide risk? systematic review of the main lit-
erature findings. Int J Environ Res Public Health. 2020;17:2393.

80. O’Donovan A, Pantell MS, Puterman E, Dhabhar FS, Blackburn EH, Yaffe K, et al.
Cumulative inflammatory load is associated with short leukocyte telomere length
in the health, aging and body composition study. PLoS One. 2011;6:e19687.

81. Shin D, Shin J, Lee KW. Effects of Inflammation and depression on telomere
length in young adults in the United States. J Clin Med. 2019;8:711.

82. Pusceddu I, Herrmann W, Kleber ME, Scharnagl H, Hoffmann MM, Winklhofer-
Roob BM, et al. Subclinical inflammation, telomere shortening, homocysteine,
vitamin B6, and mortality: the Ludwigshafen risk and cardiovascular health study.
Eur J Nutr. 2020;59:1399–411.

83. Kordinas V, Ioannidis A, Chatzipanagiotou S. The telomere/telomerase system in
chronic inflammatory diseases. Cause or effect? Genes. 2016;7:60.

84. Mandelli L, Petrelli C, Serretti A. The role of specific early trauma in adult
depression: a meta-analysis of published literature. Childhood trauma and adult
depression. Eur Psychiatry. 2015;30:665–80.

85. LeMoult J, Humphreys KL, Tracy A, Hoffmeister J-A, Ip E, Gotlib IH. Meta-analysis:
exposure to early life stress and risk for depression in childhood and adolescence.
J Am Acad Child Adolesc Psychiatry. 2020;59:842–55.

86. Zhang R, Xie R, Ding W, Wang X, Song S, Li W. Why is my world so dark? Effects of
child physical and emotional abuse on child depression: The mediating role of
self-compassion and negative automatic thoughts. Child Abuse Negl.
2022;129:105677.

87. Wu Q, Chi P, Lin X, Du H. Child maltreatment and adult depressive symptoms:
Roles of self-compassion and gratitude. Child Abuse Negl. 2018;80:62–69.

88. Alda M, Puebla-Guedea M, Rodero B, Demarzo M, Montero-Marin J, Roca M, et al.
Zen meditation, length of telomeres, and the role of experiential avoidance and
compassion. Mindfulness. 2016;7:651–9.

89. Keng S-L, Yim OS, Lai PS, Chew SH, Ebstein RP. Association among dispositional
mindfulness, self-compassion, and leukocyte telomere length in Chinese adults.
BMC Psychol. 2019;7:47.

90. Nguyen KDL, Lin J, Algoe SB, Brantley MM, Kim SL, Brantley J, et al. Loving-
kindness meditation slows biological aging in novices: evidence from a 12-week
randomized controlled trial. Psychoneuroendocrinology. 2019;108:20–27.

91. Yamaki N, Otsuka I, Numata S, Yanagi M, Mouri K, Okazaki S, et al. Mitochondrial
DNA copy number of peripheral blood in bipolar disorder: the present study and
a meta-analysis. Psychiatry Res. 2018;269:115–7.

92. Lee JH, Hong J, Zhang Z, Avalos B, de la P, Proietti CJ, et al. Regulation of
telomere homeostasis and genomic stability in cancer by N6-adenosine methy-
lation (m6A). Sci Adv. 2021;7:eabg7073.

93. Månsson KNT, Lindqvist D, Yang LL, Svanborg C, Isung J, Nilsonne G, et al.
Improvement in indices of cellular protection after psychological treatment for
social anxiety disorder. Transl Psychiatry. 2019;9:340.

94. Lundberg M, Millischer V, Backlund L, Martinsson L, Stenvinkel P, Sellgren CM,
et al. Lithium and the interplay between telomeres and mitochondria in bipolar
disorder. Front Psychiatry. 2020;11:586083.

AUTHOR CONTRIBUTIONS
YD designed the study. SO, BR, and KP performed the experiments. SO and RS
analyzed the data. SO, RS, and YD co-wrote the manuscript. RS and YD edited the
manuscript. All authors agreed to publish the manuscript.

FUNDING
This work was supported by grants from the National Institute of Mental Health
(R01MH118884; R01MH107183; R01MH100616; R01MH124248; R01MH107183;
R01MH128994; R01MH130539). The funders had no role in the design of the study,
in the collection, analyses, or interpretation of data, in the writing of the manuscript,
or in the decision to publish the results.

COMPETING INTERESTS
RCS has received grant support from the National Institutes of Health, Patient-
Centered Outcomes Research Institute, American Foundation for Suicide Prevention,
Acadia Pharmaceuticals, Alkermes, Inc., Allergan, Plc, Alto Pharmaceuticals, Avanir
Pharmaceuticals, Inc., Boehringer Ingelheim, Denovo Biopharma, Genomind, InMune
Bio, Intra-cellular Therapies, Janssen Pharmaceuticals, LivaNova PLC, Navitor
Pharmaceuticals, Neurocrine Biosciences, Neurorx, Novartis Pharmaceuticals, Otsuka
Pharmaceutical Company, Sunovion Pharmaceuticals, and Takeda Pharmaceuticals.
He has received consulting fees from Acadia Pharmaceuticals, Allergan, Plc,
Alphasigma USA, Inc., Boehringer Ingelheim, Cerecor, Inc., Denovo Biopharma,
Janssen Pharmaceuticals, Myriad Neuroscience, Neurorx, Novartis AG, Otsuka
Pharmaceuticals, Seelos Therapeutics, Inc., Sunovion Pharmaceuticals, and Takeda
Pharmaceuticals. Other authors report no conflict of interest.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41380-023-02263-0.

Correspondence and requests for materials should be addressed to Yogesh Dwivedi.

Reprints and permission information is available at http://www.nature.com/
reprints

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

S. Ochi et al.

3928

Molecular Psychiatry (2023) 28:3920 – 3929

https://doi.org/10.1038/s41380-023-02263-0
http://www.nature.com/reprints
http://www.nature.com/reprints


Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

S. Ochi et al.

3929

Molecular Psychiatry (2023) 28:3920 – 3929

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Strong associations of telomere length and mitochondrial copy number with suicidality and abuse history in adolescent depressed individuals
	Introduction
	Methods
	Participants and clinical assessments
	Collection and processing of blood samples and isolation of genomic DNA (gDNA)
	Measurements of telomere length and mtDNA copy number
	Statistical analysis

	Results
	Patient characteristics
	Telomere length and mtDNA copy number between healthy control and MDD groups
	Telomere length and mtDNA copy number between healthy controls and MDD subjects with or without suicidal ideation or behavior
	Correlation between telomere length and mtDNA copy number in each individual group
	Effect of demographic and clinical variables on telomere length and mtDNA copy number

	Discussion
	References
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




