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ABSTRACT
BACKGROUND: Exposure to trauma, posttraumatic stress disorder (PTSD), and depression have been indepen-
dently associated with leukocyte telomere length (LTL), a cellular marker of aging associated with mortality and age-
related diseases. However, the joint contributions of trauma and its psychological sequelae on LTL have not been
examined.
METHODS: We conducted an analysis of LTL in a subset of women from the Nurses’ Health Study II (N = 1868).
Lifetime exposure to traumatic events, PTSD, and depression was assessed with validated measures. DNA was
extracted from peripheral blood leukocytes and telomere repeat copy number to single gene copy number was
determined by quantitative real-time polymerase chain reaction telomere assay. Linear regression models assessed
the association of trauma, PTSD, and depression with LTL after adjustment for health behaviors and medical
conditions.
RESULTS: Trauma, PTSD, and depression were not independently associated with LTL in mutually adjusted models.
However, individuals with severe psychological distress—characterized by comorbid PTSD and depression—had
shorter LTL equivalent to being 7.62 years older (95% CI, 0.02 to 17.97) than participants who had never
experienced a traumatic event and were not depressed. Further examination found only an association among
individuals with the highest number of PTSD symptoms and comorbid depression equivalent to 9.71 additional
years of aging (95% CI, 1.36 to 20.49). No effect was found among individuals meeting the minimum threshold for
probable PTSD with comorbid depression.
CONCLUSIONS: Severe psychological distress, as indicated by the presence of comorbid PTSD and depression,
may be associated with shorter LTL.

https://doi.org/10.1016/j.bpsgos.2022.05.006
Previous studies have found that lifetime stress is associated
with shorter telomere length, indicating that telomere length
may be a marker of psychosocial stress exposure (1,2). Telo-
meres are repetitive noncoding sequences of TTAGGG at the
end of chromosomes that protect chromosomes from deteri-
oration during cell division (3). The erosion or shortening of
telomeres, which occurs naturally during aging and as a
response to toxic environmental exposures such as cigarette
smoke (4), leads to reproductive senescence and apoptosis of
cells (5). Shorter telomeres have been associated with chronic
diseases, including cardiovascular disease (6–8) and type 2
diabetes (9–12), as well as with mortality (6,13,14), and are
considered a marker of biological age (15). Recent meta-
analyses have found that posttraumatic stress disorder
(PTSD) (16,17) and depression (16,18) are each associated
with shorter telomere length. For example, one meta-analysis
comprising 5 studies of PTSD and telomere length found
that individuals with versus without PTSD had shorter
ª 2022 THE AUTHORS. Published by Elsevier Inc on behalf of the
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telomeres equivalent to a standardized mean difference
of 21.27 (95% CI, 22.12 to 20.43), while individuals with
versus without depression had a standardized mean difference
of 20.21 (95% CI, 20.29 to 20.12) (16). However, while both
forms of psychological distress commonly occur following
exposure to trauma, previous studies have generally focused
on PTSD and depression independently.

These meta-analyses have reported substantial heteroge-
neity in effects across studies (e.g., PTSD I2 = 94%; depres-
sion I2 = 96%) (16) as well as indicated the inconsistency of
associations between PTSD or depression with telomere
length across study designs (17). There are 3 plausible reasons
for inconsistency in the findings. First, meta-analyses of both
forms of distress included studies with relatively small sample
sizes [e.g., a mean of 44 participants per study (16,19–21); or
half the studies with ,60 participants (16)]. Second, despite
findings that 52% of individuals with PTSD report co-occurring
depression (22), previous studies have generally examined
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these forms of distress independently without accounting for
either overlap between them or shared effects, which may
result in obscuring their associations with telomere length
(20,21). Third, variations in the prevalence of comorbid PTSD
and depression across studies could further explain differing
associations. Previous studies have found that depression
severity, but not timing of depression onset (e.g., time since
onset and leukocyte telomere length [LTL] measurement), has
been associated with shorter LTL (18). Because individuals
who meet criteria for both PTSD and depression report higher
levels of depressive symptoms than those with depression
alone (23,24), variation in the prevalence of PTSD and the
accompanying severe distress (either comorbid PTSD and
depression or higher depression severity) could account for
some of the observed variation in associations.

To date, no study has examined the joint effects of both
disorders, as large sample sizes with sufficient comorbidity are
needed to disentangle these relationships (22). Of note, in our
own previous work in the same cohort used in the present
study, the Nurses’ Health Study II (NHS II), we found in
sensitivity analyses some initial suggestion that women with
comorbid PTSD and depression had shorter telomeres than
those with either disorder alone (25). However, our previous
study was underpowered (N = 116), there was only 1 partici-
pant in the group with trauma and depression but no PTSD,
and the interaction analyses did not reach statistical signifi-
cance (25). Fourth, prior studies vary widely in the confounders
included. For example, few studies consider possible effects of
childhood abuse in these associations, even though child
abuse has been associated with shorter telomere length and
PTSD/depression (17,18,26–28). As a result, child abuse may
be a confounder or PTSD and depression may serve to
mediate the observed associations with telomere length. Some
recent studies following up on these meta-analyses have failed
to replicate associations of PTSD or depression with telomere
length, finding either no effect (29) or an effect only among
subgroups of participants [e.g., Whites vs. African Americans
or Hispanics (30), females (31), and males (32)].

In the current article, we build on our previous analysis by
using a sample over 10 times larger to address these limita-
tions and disentangle the contributions of trauma, PTSD, and
depression to telomere length. We also address the limitations
of prior work by conducting sensitivity analyses accounting for
childhood abuse and by capitalizing on the rich, longitudinal
data of the NHS II to adjust for a wide range of potential
covariates. We hypothesized that while trauma, PTSD, and
depression would each be independently associated with
shorter telomere length after mutual adjustment, comorbid
PTSD and depression would be associated with shorter telo-
mere length as compared with trauma alone or each disorder
independently.
METHODS AND MATERIALS

Participants for the current study included women from the
NHS II, an ongoing cohort of 116,430 female nurses recruited
in 1989 and assessed every 2 years via questionnaires
assessing health-related factors. Participants were ages 24 to
44 years at baseline. Across follow-up, women are invited to
complete additional questionnaires and substudies. Blood
Biological Psychiatry: Glob
samples from a subset of the full cohort were collected at 2
time points, between 1996 and 1999 (blood draw 1) or between
2010 and 2012 (blood draw 2). A total of 92,888 women who
had completed the 1995 biennial questionnaire and had no
previous diagnoses of cancer were invited to participate in the
first blood draw, 29,611 (31.9%) of whom participated. All
women who completed the first blood draw were invited to
participate in the second blood draw, 16,424 (55.5%) of whom
participated. For both draws, women were mailed collection
kits with all necessary supplies and blood sample–related
questionnaires. Samples were returned to the NHS II labora-
tory via overnight courier and were processed by the lab;
separated into plasma, red blood cell, and white blood cell
components; and stored in liquid nitrogen freezers. Prior
studies with these data suggest that women who participated
in the blood sample collection were similar to the whole NHS II
cohort (33,34). Our sample included women who participated
in a PTSD substudy of NHS II (2008), which assessed trauma,
PTSD, and depression symptoms (35), and had LTL measured
as part of their participation in additional NHS II substudies
including ones on childhood abuse (36), religion and spirituality
(Spirituality Study) (37), or lifetime stress (Mind-Body Study)
(38). Mailed return of the questionnaires implied consent. This
study was approved by the Partners HealthCare Human
Research Committee.
Lifetime Trauma

Lifetime trauma was assessed using the Brief Trauma Ques-
tionnaire, which listed 15 types of traumatic events plus a 16th
“other” option, with participants asked to endorse any event
they experienced (35,39). Participants were then asked which
traumatic event happened first, which traumatic event they
considered their worst, and at what ages each occurred.
Participants were considered trauma exposed if they endorsed
any type of traumatic event, including an event identified via
the other category. Informed consent was received from all
participants and the study protocol was approved by the
Institutional Review Boards of Brigham and Women’s Hospital
and the Harvard T.H. Chan School of Public Health.
Posttraumatic Stress Disorder

The Short Screening Scale for DSM-IV Posttraumatic Stress
Disorder was used to assess 5 PTSD avoidance symptoms
(criterion C) and 2 hyperarousal symptoms (criterion D) in
relation to a participant’s worst trauma (40). Participants that
reported a history of 4 or more symptoms in relation to their
worst traumatic event were considered to have a probable
diagnosis of PTSD, with onset identified according to the date
of their worst traumatic event. Prior work has demonstrated
that a cutoff of 4 symptoms on this measure classified PTSD
cases with a sensitivity of 85%, a specificity of 93%, a positive
predictive value of 68%, and a negative predictive value of
98% in a validation study (41). In the NHS II, the reliability of
self-reported age of onset of trauma and PTSD has been
excellent when comparing the screener with the reported age
of onset in an interview within a subset of participants (intra-
class correlation coefficient = 0.95) (42).
al Open Science July 2023; 3:510–518 www.sobp.org/GOS 511
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History of Depression

Two different classification algorithms for lifetime history of
depression were used, based on available measures. For the
first blood collection (1996–1999), following prior work, par-
ticipants with a score#60 on the 5-item Mental Health Index in
the survey prior to their blood collection (either 1993 or 1997)
were considered to have a history of depression (42). For the
second blood collection (2010–2012), we used 3 indicators for
history of depression: 1) whether participants experienced 2 or
more weeks of depressive symptoms (asked every 2 years
starting in 2001); 2) if they were ever diagnosed with depres-
sion by a doctor (asked every 2 years starting in 2003); and 3)
the Center for Epidemiologic Studies Depression Scale, 10-
Item Version (asked in 2008) (43). Participants answering yes
to either question or scoring $10 on the Center for Epidemi-
ologic Studies Depression Scale, 10-Item Version were clas-
sified as having probable depression (43).

Co-occurrence of Trauma, PTSD, and Depression

Based on the dichotomous lifetime trauma, lifetime PTSD, and
depression variables, joint occurrence of trauma, PTSD, and
depression was coded as follows: 1) no trauma, no depression
(reference); 2) no trauma, depression; 3) trauma, no depres-
sion, no PTSD; 4) trauma, depression, no PTSD; 5) trauma, no
depression, PTSD; and 6) trauma, depression and PTSD.

Leukocyte Telomere Length

LTL was assessed in batches of assays across the 3 NHS II
substudies (childhood abuse substudy, Spirituality Study,
Mind-Body Study) with all assays conducted at the same
laboratory using the same procedures, which have been
described elsewhere (44). Briefly, genomic DNA was extracted
from peripheral blood leukocytes using the QIAmp (Qiagen) 96-
spin blood protocol. PicoGreen DNA quantitation was con-
ducted using a Molecular Devices 96-well spectrophotometer.
Genomic DNA was subsequently dried down and resus-
pended. The telomere repeat copy number to single gene copy
number (T/S) ratio was determined by a modified version of the
quantitative real-time polymerase chain reaction telomere
assay run on the Applied Biosystems 7900HT PCR System.
Triplicate reactions of each assay were done on each sample.
As previously reported in the childhood abuse substudy, the
coefficient of variation (CV) for the exponentiated T/S ratio of
blinded quality control (QC) samples across batches ranged
from 23% to 33%, while within-replicate CVs for participants
and blinded QC samples were lower within plates (range,
10.7%–19.4%), further dropping to 14% to 26% after
excluding QC samples with within-triplicate CVs .20%. When
nonblinded laboratory QC samples were included across
plates, CVs in these samples averaged 11.5% (25). Based on
these results, we concluded that most variation occurred be-
tween batches.

LTL, reported as the exponentiated T/S ratio, was log
transformed, as values deviated significantly from normality.
The Rosner batch-correction method (45) was used to correct
for possible batch effects by first regressing the log-LTL on
indicators for laboratory batch and potential predictors of LTL
that might vary by batch, including participant’s year of birth;
father’s age at birth; and age, smoking status, and body mass
512 Biological Psychiatry: Global Open Science July 2023; 3:510–518
index (BMI) at time of blood draw. A correction parameter for
each batch was estimated by subtracting the average of all
batch parameter estimates from the parameter estimate for
each individual batch. A batch-adjusted log-LTL for each
sample was then created by adjusting the log-LTL by sub-
tracting that batch’s correction parameter. Although quantita-
tive real-time polymerase chain reaction method is known to
introduce variation in LTL measurement, the variation is non-
differential across outcomes, as assays were conducted blin-
ded to PTSD and depression status.

Covariates

Age at blood draw was determined by self-reported birthdate
and the date of the blood draw. Self-reported BMI was
collected at the time of the blood draw (46). Lifetime smoking
status from the preceding survey was coded as never versus
ever. Participants’ diets from the most recent survey prior to
the blood draw were classified into quintiles of healthiness
based on a validated food frequency questionnaire (47) and the
Alternative Healthy Eating Index (48). Past month alcohol
consumption was coded as 0 drinks/mo, 1 to 3 drinks/mo, 1
drink/wk, 2 to 4 drinks/wk, or 51 drinks/wk. Frequency of
exercising heavily enough to sweat was assessed in the
closest biennial questionnaire prior to blood draws as ,1, 1, 2
to 3, or 41 times/wk. Self-reported physician diagnoses of
high cholesterol, high blood pressure, and type 2 diabetes
were assessed in the biennial survey prior to blood draw.
Childhood physical and emotional abuse before age 12 was
assessed using 5 questions from the physical and emotional
abuse subscales of the Childhood Trauma Questionnaire
included as part of the violence substudy in 2001 (49). The
frequency of family members 1) hitting so hard it left bruises, 2)
punishing in a way that seemed cruel, 3) insulting, 4) screaming
and yelling, and 5) punishing with a belt or other hard object
was queried. Following prior work in this sample (50), re-
sponses of never (scored as 0), rarely (scored as 1), sometimes
(scored as 2), often (scored as 3), or very often (scored as 4)
were summed, and then overall scores were divided into
quartiles. Sexual abuse was assessed with the Sexual
Maltreatment Scale of the Conflict Tactics Scales (51), which
consists of 2 questions regarding unwanted sexual touching
and forced or coerced sexual contact by an adult or older child
before age 12 years and 2 questions about experiences be-
tween ages 12 and 17. Participants could respond, “No this
never happened” (scored as 0), “Yes this happened once”
(scored as 1), or “Yes this happened more than once” (scored
as 2). Responses were summed and individuals were then
classified as having experienced no sexual abuse (score = 0),
infrequent sexual abuse (score = 1 or 2), moderately frequent
sexual abuse (score = 3 or 4), or frequent sexual abuse
(score $ 5).

Statistical Analyses

We examined the distribution of LTL and prevalence of cova-
riates by the joint trauma, PTSD, and depression exposure.
Differences in the means and standard deviations of age and
BMI by exposure group were examined using Kruskal-Wallis
tests. Prevalence of smoking, diet, alcohol use, high choles-
terol, high blood pressure, type 2 diabetes, and frequency of
www.sobp.org/GOS
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exercise in each group was calculated, and group differences
were assessed using c2 tests.

We fit a series of linear regressions estimating the associ-
ation of each level of trauma, PTSD, and depression with
log-transformed, batch-corrected LTL, adjusting for 1) de-
mographics (e.g., age, race) and substudy; 2) demographics
plus health behaviors including BMI, smoking, alcohol use,
exercise, and diet; and 3) demographics, health behaviors, and
health risk factors, including type 2 diabetes, high blood
pressure, and the use of cholesterol-lowering drugs. We
expanded on this main analysis in 3 additional analyses out-
lined in Table 1. First, we assessed whether the effect of
trauma, PTSD, or depression varied by the participant’s age by
fitting an additional model including an interaction between
age and trauma, PTSD, depression, and their joint effects.
Second, to assess whether the severity of PTSD was associ-
ated with shorter LTL and not just probable PTSD, we reca-
tegorized participants as having no PTSD symptoms, 1 to 3
PTSD symptoms (subclinical), 4 to 5 PTSD symptoms (mod-
erate), and 6 to 7 PTSD symptoms (high). The joint contribution
of trauma, depression, and PTSD severity was assessed by
creating indicator variables as follows: no trauma/no depres-
sion (reference), trauma/no depression/no PTSD symptoms,
trauma/no depression/1 to 3 PTSD symptoms, trauma/no
depression/4 to 5 PTSD symptoms, trauma/no depression/6 to
7 PTSD symptoms, no trauma/depression, trauma/depression/
no PTSD symptoms, trauma/depression/1 to 3 PTSD symp-
toms, trauma/depression/4 to 5 PTSD symptoms, and trauma/
depression/6 to 7 PTSD symptoms. We also conducted a test
of trend across levels of PTSD exposure by creating a
continuous variable of PTSD severity (range, 0–3) among in-
dividuals with and without depression to assess a possible
dose-response association with PTSD severity. Third, we
similarly assessed whether severity of depression symptoms
was associated with shorter LTL by categorizing individuals
into quartiles of either 5-item Mental Health Index scores (for
LTL assessed in blood draw 1) or the 2008 Center for Epide-
miologic Studies Depression Scale, 10-Item Version (for LTL
assessed in blood draw 2). We then stratified depression
quartile by trauma and probable PTSD status resulting in 12
categories of exposure. Models were fit as above, and we also
conducted a test of trend across levels of depression exposure
separately among individuals with and without trauma and
PTSD to assess a possible dose-response association.
Table 1. Trauma, Depression, and PTSD Categories and Numbe

Analysis Trauma Depression

Main Exposed Probable depressio
Unexposed No probable depre

Age Interaction Exposed Probable depressio
Unexposed No probable depre

PTSD Severity Exposed Probable depressio
Unexposed No probable depre

Depression Severity Exposed Depression quartile
Unexposed

PTSD, posttraumatic stress disorder.

Biological Psychiatry: Glob
To aid the interpretation of our results, we estimated the
equivalent number of years of aging for each level of joint
trauma, PTSD, and depression variable by dividing their b
coefficients by the b coefficient for age, which reflects the ef-
fect of 1 year of aging, from a model fit without trauma, PTSD,
or depression (52). A set of 1000 bootstraps was conducted to
estimate a 95% confidence interval. To estimate the degree to
which unmeasured confounders could account for the asso-
ciations between trauma, PTSD, depression, and their joint
effects on LTL, we calculated the minimum associations that
the confounder would need to have in order to fully account for
the association of trauma, PTSD, and depression with LTL
using the E-value (53).

We conducted 4 sensitivity analyses to assess the robust-
ness and of our findings as well as the potential selection bias.
First, the history of depression of participants whose blood
was collected in 1996 to 1999 may have been under-
diagnosed, as the 5-item Mental Health Index assessed
depressive symptoms in the last 4 weeks only. At the time of
this blood collection, participants were ages 31 to 51, and 12%
met thresholds for probable depression. Nationally represen-
tative studies have found a lifetime prevalence of 23.2% for
depression, with the onset of 90% of cases by age 55 (54).
While differences in prevalence between our sample and other
studies could be due to real differences between the NHS II
cohort and the general U.S. population, we nevertheless tested
the effect of misclassifying 9% of the sample as not having a
depression diagnosis by randomly assigning 9% of these
participants (n = 73) to have depression, refitting our models,
and pooling results across 1000 iterations.

Second, as childhood abuse has been associated with
PTSD (26), depression (55), and LTL (16,18) and represents a
potential common cause, we fit a model further adjusted for
childhood physical, emotional, and sexual abuse to assess
potential confounding. Third, we excluded participants (n =
116) who were included in the previous NHS II analysis con-
ducted by Roberts et al. (25) to assess whether our results
were driven primarily by this previous sample. Fourth, the
childhood abuse substudy selected participants based on
cardiovascular disease status, which previous studies have
found to be associated with both PTSD and shorter telomere
length (56,57). Thus, using participants from the childhood
abuse substudy may artificially induce an association between
PTSD/depression and LTL. To address whether the selection
r of Exposure Groups Across Analyses

PTSD No. of Categories

n Probable PTSD 6
ssion No probable PTSD

n Probable PTSD 11
ssion No probable PTSD

n No PTSD symptoms 10
ssion 1–3 PTSD symptoms

4–5 PTSD symptoms
6–7 PTSD symptoms

s Probable PTSD 12
No probable PTSD
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criteria used to recruit participants into the different substudies
affected our results, we fit models stratified by substudy (e.g.,
childhood abuse substudy, Mind-Body Study, and Spirituality
Study).
RESULTS

Significant differences in age, BMI, smoking status, exercise,
high blood pressure, type 2 diabetes, and cholesterol drug use
were found by PTSD/depression exposure status (Table 2).
Women who experienced trauma and reported PTSD and/or
depression were more likely to have been lifetime smokers (p
, .001) and have higher BMI (p , .001) than women without
PTSD/depression regardless of trauma history. Women with
both PTSD and depression were more likely to report high
blood pressure (p , .001) and type 2 diabetes than women
who reported only PTSD or depression.
Table 2. Descriptive Statistics by Trauma, PTSD, and Depressio

T–P–D–,
n = 294

T1P–D–,
n = 834

T–P–D1,
n = 62

Age at Blood Draw, Years,
Mean (SD)

49.69 (7.39) 50.59 (7.14) 54.12 (6.74)

Race, n (%)

Othera 15 (5.1%) 38 (4.6%) 1 (1.6%)

White 279 (94.9%) 796 (95.4%) 61 (98.4%)

Substudy, n (%)

Childhood abuse 152 (51.7%) 408 (48.9%) 20 (32.3%)

Mind-Body Study 24 (8.2%) 81 (9.7%) 2 (3.2%)

Spirituality Study 118 (40.1%) 345 (41.4%) 40 (64.5%)

BMI, Mean (SD) 25.65 (5.33) 25.93 (5.26) 25.14 (3.25)

Lifetime Smoker, n (%) 71 (24.1%) 264 (31.7%) 20 (32.3%)

Past Month Alcohol Use, n (%)

0 drinks/mo 113 (38.4%) 321 (38.5%) 16 (25.8%)

1–3 drinks/mo 67 (22.8%) 175 (21.0%) 14 (22.6%)

1 drink/wk 30 (10.2%) 85 (10.2%) 7 (11.3%)

2–4 drinks/wk 46 (15.6%) 129 (15.5%) 15 (24.2%)

51 drinks/wk 38 (12.9%) 124 (14.9%) 10 (16.1%)

Exercise, n (%)

,1 time/wk 71 (24.1%) 194 (23.3%) 14 (22.6%)

1 time/wk 45 (15.3%) 124 (14.9%) 12 (19.4%)

2–3 times/wk 94 (32.0%) 284 (34.1%) 18 (29.0%)

41 times/wk 84 (28.6%) 232 (27.8%) 18 (29.0%)

Diet Quintile, n (%)

1 58 (19.7%) 138 (16.5%) 11 (17.7%)

2 59 (20.1%) 155 (18.6%) 16 (25.8%)

3 58 (19.7%) 167 (20.0%) 8 (12.9%)

4 62 (21.1%) 166 (19.9%) 9 (14.5%)

5 57 (19.4%) 208 (24.9%) 18 (29.0%)

High Blood Pressure, n (%) 46 (15.6%) 126 (15.1%) 13 (21.0%)

Type 2 Diabetes, n (%) 5 (1.7%) 9 (1.1%) 3 (4.8%)

Cholesterol Drug Use, n (%) 34 (11.6%) 120 (14.4%) 14 (22.6%)

LTL, Mean (SD) 20.62 (0.28) 20.62 (0.26) 20.61 (0.23)

Plus or minus signs indicate presence of each condition (e.g., T1P1D– in
PTSD, and did not have probable depression). Kruskal-Wallis tests were used
for categorical variables.

BMI, bodymass index;D,depression; LTL, leukocyte telomere length;P, pos
a
“Other” includes participants identifying as American Indian, Asian, Bla
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In the model adjusting for age, race, and substudy, women
with comorbid PTSD and depression had shorter LTL
(b = 20.05; 95% CI, 20.10 to 20.01) compared with women
with no trauma exposure, PTSD, or depression (see model 1 in
Table 3). This association remained after further adjustment for
health behaviors (model 2) or for additional health risk factors
(model 3). This difference in LTL was equivalent to women with
trauma exposure, PTSD, and depression being 7.62 years
older (95% CI, 0.02 to 17.97) than women without trauma or
depression. In E-value analyses, we calculated that an un-
measured confounder would have to be equally associated
with the joint distress variable and LTL at a relative risk of 1.69
to account for the observed association. No significant inter-
action was found between age and any PTSD/depression
category (see Table S1).

In analyses examining PTSD severity, participants with the
highest number of PTSD symptoms (i.e., 6–7 symptoms) and
n Status

T1P1D–,
n = 238

T1P–D1,
n = 265

T1P1D1,
n = 175

Total,
N = 1868 p Value

48.48 (6.57) 55.12 (6.67) 54.02 (6.83) 51.26 (7.32) ,.001

.723

13 (5.5%) 9 (3.4%) 9 (5.1%) 85 (4.6%)

225 (94.5%) 256 (96.6%) 166 (94.9%) 1783 (95.4%)

,.001

143 (60.1%) 49 (18.5%) 44 (25.1%) 816 (43.7%)

31 (13.0%) 10 (3.8%) 9 (5.1%) 157 (8.4%)

64 (26.9%) 206 (77.7%) 122 (69.7%) 895 (47.9%)

26.63 (5.98) 27.18 (5.93) 27.58 (6.24) 26.28 (5.55) ,.001

97 (40.8%) 84 (31.7%) 77 (44.0%) 613 (32.8%) ,.001

.589

86 (36.1%) 105 (39.6%) 65 (37.1%) 706 (37.8%)

67 (28.2%) 51 (19.2%) 33 (18.9%) 407 (21.8%)

26 (10.9%) 24 (9.1%) 22 (12.6%) 194 (10.4%)

29 (12.2%) 40 (15.1%) 27 (15.4%) 286 (15.3%)

30 (12.6%) 45 (17.0%) 28 (16.0%) 275 (14.7%)

.025

75 (31.5%) 70 (26.4%) 41 (23.4%) 465 (24.9%)

39 (16.4%) 20 (7.5%) 29 (16.6%) 269 (14.4%)

73 (30.7%) 82 (30.9%) 61 (34.9%) 612 (32.8%)

51 (21.4%) 93 (35.1%) 44 (25.1%) 522 (27.9%)

.375

37 (15.5%) 41 (15.5%) 20 (11.4%) 305 (16.3%)

35 (14.7%) 48 (18.1%) 29 (16.6%) 342 (18.3%)

60 (25.2%) 59 (22.3%) 45 (25.7%) 397 (21.3%)

50 (21.0%) 55 (20.8%) 34 (19.4%) 376 (20.1%)

56 (23.5%) 62 (23.4%) 47 (26.9%) 448 (24.0%)

25 (10.5%) 55 (20.8%) 48 (27.4%) 313 (16.8%) ,.001

4 (1.7%) 14 (5.3%) 11 (6.3%) 46 (2.5%) ,.001

24 (10.1%) 80 (30.2%) 36 (20.6%) 308 (16.5%) ,.001

20.62 (0.27) 20.61 (0.24) 20.65 (0.25) 20.62 (0.26) .712

dicates participants who were trauma exposed, met criteria for lifetime
to compare means of continuous variables across groups and c2 tests

ttraumatic stressdisorder; PTSD,posttraumaticstressdisorder; T, trauma.
ck, Hawaiian, Multiracial, or Other/Unknown.
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Table 3. Linear Association of Trauma, PTSD, and Depression With Leukocyte Telomere Length

n Model 1 (95% CI)a Model 2 (95% CI)b Model 3 (95% CI)c

No Trauma or Depression 294 Reference Reference Reference

Trauma, No PTSD or Depression 834 0.00 (20.03 to 0.03) 0.00 (20.03 to 0.03) 0.00 (20.04 to 0.03)

Depression, No Trauma or PTSD 62 20.01 (20.08 to 0.06) 20.01 (20.08 to 0.06) 20.01 (20.08 to 0.06)

Trauma and PTSD, No Depression 238 0.02 (20.03 to 0.06) 0.02 (20.02 to 0.06) 0.02 (20.02 to 0.06)

Trauma and Depression, No PTSD 265 20.02 (20.06 to 0.02) 20.02 (20.06 to 0.03) 20.02 (20.06 to 0.03)

Trauma, PTSD, and Depression 175 20.05 (20.10 to 20.01)d 20.05 (20.1 to 0.00)d 20.05 (20.1 to 0.00)d

All models mutually adjusted for trauma, depression, and PTSD status.
PTSD, posttraumatic stress disorder.
aAdjusted for age, race, and substudy.
bModel 1 further adjusted for body mass index, smoking, alcohol use, exercise, and diet.
cModel 2 further adjusted for blood pressure, diabetes, and cholesterol drug use.
dp , .05.
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depression had shorter LTL equivalent to 9.71 years of aging
(95% CI, 1.37 to 20.49) (Figure 1) versus participants with no
lifetime trauma, depression, or PTSD (Table 4). Trend analyses
of PTSD symptom severity were not significant among either
those with (p = .11) or without (p = .97) depression. In analyses
examining depression severity, no significant association was
found between those with higher levels of depression symp-
toms with or without comorbid PTSD or experience of trauma
compared with those with the lowest level of depression
severity and no experience of trauma or PTSD (see Table S2).
Results from sensitivity analyses were consistent with those
from the main results (see Figure S1 and Table S3). When
considering effects of potentially underestimating prevalence
of depression history, the association of comorbid PTSD and
depression with LTL was consistent with the primary analysis
(b = 20.04; 95% CI, 20.09 to 0.00). Similarly, after adjusting
the experience of childhood physical, emotional, and sexual
abuse, the association between comorbid PTSD and
Figure 1. Equivalent number of years of aging associated with trauma
and posttraumatic stress disorder (PTSD) symptom severity, stratified by
lifetime depression status. Years of aging were estimated by weighting the
effect of each trauma, PTSD, and depression variable with the effect of age
from a model fit without trauma, PTSD, or depression. A set of 1000 boot-
straps was conducted to estimate the 95% confidence interval.

Biological Psychiatry: Glob
depression compared with no experience of trauma, depres-
sion, or PTSD remained consistent though not significant
(b = 20.04; 95% CI, 20.10 to 0.01). Analyses excluding par-
ticipants in the prior NHS II publication (25), and stratified by
substudy, also led to attenuation in the effect estimates, but
the direction of effects was consistent with findings from the
main analyses.
DISCUSSION

We report here that PTSD with comorbid depression is asso-
ciated with shorter LTL, equivalent to 7.62 years of aging,
compared with women with no trauma exposure or depres-
sion. When adjusted for the other conditions, trauma, PTSD,
and depression were not associated with shorter LTL (Table 3).
Prior studies have mixed findings regarding the association of
PTSD and depression with LTL, with recent studies finding
either no effect (58) or an effect only for a subgroup of par-
ticipants [e.g., older participants (59) or males (32,59) for
depression; severely trauma-exposed participants for PTSD
(60)]. Our results indicate that severe distress as indicated by
comorbid PTSD and depression is associated with shorter LTL
specifically among women with the highest number of PTSD
symptoms (6–7 symptoms; equivalent years of aging = 9.71),
but more severe depression symptoms even in the presence of
PTSD was not associated with shorter LTL (Table S2). These
results were consistent even after adjusting for the experience
of childhood physical, emotional, and sexual abuse, which
have been associated both with psychological distress and
shorter LTL (17,18,26–28). If only severely symptomatic in-
dividuals have shorter LTL, as PTSD and depression are highly
comorbid (20,21,61), previous results in the literature of PTSD
and depression alone being associated with shorter LTL may
be capturing the comorbidity implicitly when classifying cases
by only one disorder. Furthermore, individuals with comorbid
PTSD and depression may also represent those with the
greatest severity for each disorder (22,62), which supports
previous findings that depression severity is associated with
shorter LTL (18).

These results are subject to several limitations. First, the
data are cross-sectional, which precludes testing direction of
effect. It may be that shorter LTL leads to increased risk for
PTSD or depression rather than the reverse, though prospec-
tive studies of PTSD and depression indicate that prior PTSD/
al Open Science July 2023; 3:510–518 www.sobp.org/GOS 515



Table 4. Linear Association of the Joint Occurrences of Trauma, Depression, and PTSD Symptoms With Leukocyte Telomere
Length

n Model 1 (95% CI)a Model 2 (95% CI)b Model 3 (95% CI)c

No Trauma or Depression 294 Reference Reference Reference

Depression, No Trauma 62 20.01 (20.08 to 0.06) 20.01 (20.08 to 0.06) 20.01 (20.08 to 0.06)

Trauma, No Depression, PTSD Sx = 0 427 0.02 (20.02 to 0.05) 0.02 (20.02 to 0.05) 0.02 (20.02 to 0.05)

Trauma, No Depression, PTSD Sx = 1–3 407 20.02 (20.06 to 0.02) 20.02 (20.06 to 0.02) 20.02 (20.06 to 0.02)

Trauma, No Depression, PTSD Sx = 4–5 165 0.02 (20.03 to 0.07) 0.02 (20.03 to 0.07) 0.02 (20.03 to 0.07)

Trauma, No Depression, PTSD Sx = 6–7 73 0.01 (20.06 to 0.07) 0.01 (20.05 to 0.08) 0.01 (20.05 to 0.08)

Trauma, Depression, PTSD Sx = 0 95 20.01 (20.07 to 0.05) 20.01 (20.07 to 0.05) 20.01 (20.07 to 0.05)

Trauma, Depression, PTSD Sx = 1–3 170 20.02 (20.07 to 0.02) 20.02 (20.07 to 0.03) 20.02 (20.07 to 0.03)

Trauma, Depression, PTSD Sx = 4–5 97 20.04 (20.10 to 0.02) 20.04 (20.10 to 0.02) 20.04 (20.10 to 0.02)

Trauma, Depression, PTSD Sx = 6–7 78 20.07 (20.13 to 20.01)d 20.07 (20.13 to 20.00)d 20.06 (20.13 to 0.00)d

All models mutually adjusted for trauma, depression, and PTSD status.
PTSD, posttraumatic stress disorder; Sx, symptoms.
aAdjusted for age, race, and substudy,
bModel 1 further adjusted for body mass index, smoking, alcohol use, exercise, and diet.
cModel 2 further adjusted for blood pressure, diabetes, and cholesterol drug use.
dp , .05.
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depression is associated with subsequent shortened LTL
(16,18). Second, LTL was assessed in multiple batches across
several substudies. While we adjusted for substudy in our
models, residual differences may remain. Third, PTSD was
assessed retrospectively and incompletely for participants
whose blood was drawn after 2008, while current and not
lifetime depression was assessed for participants in first blood
draw. In our sensitivity analysis of depression misclassification,
we found an effect of comorbid PTSD and depression on LTL
consistent with our main analysis, even with 9% of partici-
pants’ depression status misclassified. These results imply
that the associations between comorbid PTSD and depression
are robust to underreporting of depression. Fourth, while the
NHS II sample size would be one of the largest studies of LTL
and PTSD/depression conducted, some levels of the exposure
had a relatively small number of women in them (e.g., lifetime
depression, no trauma/PTSD group had n = 62). Fifth, while we
examined increasing PTSD symptoms stratified across
depression status (Table 4) and vice versa, our screening
measures assessed only seven PTSD symptoms and half of
the DSM-IV depression symptoms, which limited our ability to
assess whether severity of PTSD or depression alone
accounted for LTL shortening. Our use of screening measures
also prevents us from examining the association of PTSD
symptom dimensions with telomere length.

Further research explicating the relationship between PTSD
and depression with LTL would provide important insight into
how PTSD and depression affect physical health. Prospective
studies, which can directly address issues of temporality,
should be conducted and assess all PTSD and depression
symptoms to determine whether joint distress, severe symp-
toms of a single disorder, or a shared component is associated
with shortened LTL. Untangling the association between
PTSD/depression and LTL would aid in the identification of at-
risk groups based on specific symptomology for poorer
physical health outcomes with implications for both treatment
and prevention.
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