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Abstract

Background—Leukocyte telomere length (LTL) is a marker of cellular turnover and oxidative
stress. Studies suggest major depressive disorder (MDD) is associated with oxidative stress, but
examinations of MDD and LTL have yielded mixed results, likely because of differences in
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measurement methods and unmeasured confounding. This study examined LTL and telomerase
activity in 166 individuals with MDD compared to 166 age- and gender-matched matched controls
free of any psychiatric disorder, using well-validated assays and clinical assessment methods, and
controlling for a range of potential confounders.

Methods—Subjects aged 18 to 70 were evaluated by trained raters and provided blood for LTL
and telomerase activity measurement. LTL was assayed using Southern blot and replicated with
gPCR, and telomerase activity was assayed with a repeat amplification protocol using a
commercial kit.

Results—There was no significant difference in telomere length for individuals with MDD
[mean (SD)=9.1 (3.0) kbp] compared to controls [mean(SD) =8.9(2.5) kbp] measured by Southern
blot (p=0.65) or by confirmatory gPCR (p=0.91) assays. Controlling for potential confounders did
not alter the results. Telomerase activity did not differ by MDD diagnosis overall (p=0.40), but the
effect of MDD was significantly modified by gender (t(299)= 2.67, p=0.0079) even after
controlling for potential confounders, with telomerase activity significantly greater only in males
with MDD versus controls.

Conclusion—Our well-characterized, well-powered examination of concurrently assessed
telomere length and telomerase activity in individuals with clinically significant, chronic MDD
and matched controls failed to provide strong evidence of an association of MDD with shorter
LTL, while telomerase activity was lower in men with MDD.

Keywords
Major depressive disorder; telomere length; telomerase

1. Introduction

Major depressive disorder (MDD) has been repeatedly associated with increased risk for
medical morbidity (Evans et al., 2005) and mortality (Everson-Rose et al., 2004; Gump et
al., 2005). This association has been found to remain true after accounting for potential
health behavior confounds, such as smoking and lower levels of exercise (Penninx et al.,
1998). Growing data suggest that this increased risk may be explained by an increased rate
of age-related diseases such as cardiovascular disease (e.g. Wassertheil-Smoller et al., 2004)
or cancer (e.g. Pinquart and Duberstein, 2010). Specifically, increasing evidence suggests
that the elevated risk for age-related disease in MDD may be due in part to an abnormal
stress and immune response (e.g. Chrousos, 1998; Pariante and Miller, 2001; Raison and
Miller, 2003; Simon et al., 2006), which may accelerate biological aging through chronic
wear on cells and tissue, increasing vulnerability to age-related disease (Kop et al., 2010;
Maes et al., 2011). Leukocyte telomere length (LTL) has recently emerged as an index of
cellular aging. Telomeres are nucleoprotein complexes consisting of long arrays of double
stranded TTAGGG repeats associated with telomeric repeat-binding proteins and found at
the ends of linear chromosomes. It is thought that telomeres function to ‘cap’ chromosomal
termini and prevent end-to-end recombination, thereby counteracting or delaying shortening
during cell division by maintaining chromosomal integrity (Blackburn, 2010).
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Telomerase is an enzyme that adds DNA sequence repeats (“TTAGGG”) to the 3’ end of
DNA strands in the telomere regions. Telomerase levels are usually insufficient to maintain
telomere length in somatic cells, and progressive attrition occurs with each cell division,
resulting in metered loss of telomeres that may serve as a cellular mitotic clock ultimately
limiting the number of cell divisions and cellular life span. Further, while evidence suggests
telomere length is in part genetically determined, increased cellular turnover in the presence
of stress-related oxidative damage may exacerbate accelerated telomere shortening,
suggesting that telomere-driven replicative senescence may be primarily a stress response
(Lung et al., 2007; Vasa-Nicotera et al., 2005; von Zglinicki et al., 2005).

Leukocyte telomeres have been proposed to be an ideal marker of chronic stress-accelerated
aging due to MDD because they serve as a marker of cellular turnover, oxidative stress, and
telomerase regulation. To date, a number of studies have investigated the relationship
between LTL and MDD using a variety of assays to measure telomere length [e.g.
quantitative polymerase chain reaction (qQPCR), Southern blot, and flourescent in situ
hybridiziation (FISH)], assessing MDD with a range of measures (e.g. structured clinical
interviews vs. self-report questionnaires), and differentially controlling for potential
confounding variables (for review see Schutte and Malouff, 2015). Results have been mixed
particularly with adjustment for the presence of concurrent medical morbidity. Multiple
cross-sectional investigations have provided evidence that a history of MDD or current
MDD is associated with shorter telomere length in comparison to controls (Garcia-Rizo et
al., 2013; Hartmann et al., 2010; Karabatsiakis et al., 2014; Lung et al., 2007; Simon et al.,
2006; Wikgren et al., 2012) including in an investigation that controlled for age, sex,
education, body mass index (BMI), smoking, alcohol use, physical activity, and somatic
diseases (Verhoeven et al., 2013). Further, in a recent meta-analysis using data from 25
studies (including the studies referenced here), Schutte & Malouff (2015) found a small
association between depression and shorter LTL (r=-0.12, P < 0.001).

However, many studies report mixed results including Hoen et al. (2011) who found
significantly shorter LTL in MDD compared to controls after controlling for age and sex,
but the findings were only trending significance after controlling for BMI, smoking,
diabetes, left ventricular ejection fraction, statin use, antidepressant use, physical inactivity,
and anxiety [MDD: 0.85(0.02) vs. no MDD 0.89(0.01) T/S ratio, P=0.06]. Other
investigations found no overall association between LTL and MDD but significant
association with subpopulations with greater cumulative depression exposure (Wolkowitz et
al., 2011) or on antidepressants (Needham et al., 2015). Additionally, Shalev et al. (2014)
reported significant acceleration of telomere length erosion from age 26 to 38 in males with
major depression, but not females. Other cross-sectional studies have failed to demonstrate
any significant association between LTL and clinically diagnosed MDD (Malan et al., 2011;
Schaakxs et al., 2015; Teyssier et al., 2012). Additionally, in a prospective longitudinal
study, MDD diagnosis (determined by a self-administered version of the CIDI) at midpoint
assessment did not predict shorter LTL at two year follow-up, while anxiety disorders did
(Hoen et al., 2013). This mixed literature suggests that more research carefully examining
the association of clinically diagnosed MDD and telomere length controlling for a range of
potential confounds including BMI, medical morbidity, age, anti-inflammatory medication
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use, and environmental stressors such as loss and trauma, is needed to clarify this
association.

In order to better isolate the effect of the chronic stress of MDD on telomere length, we
designed this study selecting individuals with current MDD with an onset of the first MDD
episode at least five years prior, extensively characterized the medical morbidity of our
sample, and excluded individuals with characteristics that have previously been linked to
telomere length, including severe obesity (Muezzinler et al., 2014), ongoing severe medical
illnesses such as cancer, chronic inflammatory diseases, and diabetes (Kong et al., 2013).
Use of medications known to impact inflammation and antidepressants was also
exclusionary. We hypothesized that even after controlling for allowed medical morbidity,
gender and age, individuals with MDD would have shorter telomeres than healthy controls
free of psychiatric illness, distinctly implicating chronic MDD with telomere shortening as a
marker of accelerated aging. Further, in contrast to the finding of greater telomerase activity
with MDD by Wolkowitz et al (2012), we hypothesized that telomerase activity would be
lower in MDD and would be related to shorter telomere length.

2. Materials and Methods

2.1 Participants

Participants age 18 to 70 years old with a primary diagnosis of MDD and gender-matched
controls were recruited through advertisement and referral at the Center for Anxiety and
Traumatic Stress Disorder and the Depression Clinical and Research Program at the
Massachusetts General Hospital (MGH). Participants were first screened by telephone and
those potentially eligible were assessed in person by trained experienced doctoral-level (MD
or PhD) clinicians for psychiatric disorders using the Structured Clinical Interview for
DSM-IV (First et al., 2002). Those meeting entry criteria completed interviewer-rated and
self-report measures, and then underwent phlebotomy. Participants provided written
informed consent, and were compensated $75 for study participation. All study procedures
were approved by the Institutional Review Board of the MGH.

Study entry criteria included current chronic unipolar MDD, defined as lifetime illness
duration of at least 5 years (calculated as time since initial onset of symptoms). Previous
remission was allowed if the participant was in a current major depressive episode
concurrent with screen and phlebotomy. Lifetime schizophrenia or any psychosis, mental
retardation, organic medical disorders, and bipolar disorder were exclusionary, as well as
current eating disorders, and alcohol or substance use disorders. Control participants were
free of any DSM-1V Axis | psychiatric disorder. For both groups, lifetime alcohol and
substance-use disorders were allowed if criteria were not met in the past 12 months. The
maximum age was limited to 70 to prevent selective survival bias, and current cancer,
chronic inflammatory disorders, epilepsy, diabetes, current unstable cardiovascular illness,
or surgery within the prior 4 weeks, obesity (defined as BMI>35), and current pregnancy
were exclusionary to reduce potential confounders. Use of any psychiatric medication in the
2 weeks (4 weeks for fluoxetine) prior to screen or of anti-inflammatory medications in the 3
days prior to blood draw was exclusionary. For antibiotic use or an acute infectious process
such as an upper respiratory infection, participants returned for phlebotomy one week after
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symptom resolution or completion of any antibiotics. Lifetime psychiatric medication use
was not exclusionary, but was recorded and adjusted for in the analyses within MDD
participants, as less than 6 months vs. greater than 6 months of cumulative lifetime exposure.

2.2 Measures

The Sructured Clinical Interview for DSM-IV (SCID; First et al., 2002) was used to assess
psychiatric disorders, including the number and total cumulative length of major depressive
episodes based on the SCID (module J). The 10-item clinician-administered Montgomery
Asberg Depression Rating Scale (MADRS), a validated clinician-administered measure of
depression (Montgomery and Asberg, 1979) with total scores ranging from 0 to 60, was
used to assess depressive symptom severity.

The Cumulative Iliness Rating Scale (CIRS; Fortin et al., 2005; Miller et al., 1992) has been
well-established to accurately assess overall burden of illness with specific assessment of
multiple medical comorbidities and severity to generate 13 specific medical category
ratings, each rated with anchors from 0 (no problem) or 4 (extremely severe) and yielding a
cumulative severity rating. The CIRS was administered by MDs formally trained in its use
to assess medical comorbidity as a potential covariate. BMI, exercise frequency (days per
week of strenuous exercise of at least 20-minutes duration), and smoking history (lifetime
pack-years) were also assessed. Lifetime exposure to psychiatric medication was also
formally assessed and categorized as less than 6 months of cumulative lifetime exposure or
greater than 6 months of cumulative exposure.

The Traumatic Events Questionnaire (TEQ); Vrana and Lauterbach, 1994) was adapted to
assess cumulative exposure to a range of 11 categories of childhood and adult traumatic life
events in a self-rated format, with a cumulative score double weighted for multiple
exposures. The short form of the Early Trauma Inventory Self-Report (ETISR-SF; Bremner
et al., 2007) was used to assess exposure to trauma before age 18, including general trauma
(11 items), physical abuse (5 items), emotional abuse (5 items), and sexual abuse (6 items).
Those who reported a significant loss with the Loss History Formalso completed the
Inventory of Complicated Grief (ICG), a 19-item scale assessing CG symptom severity
(Prigerson et al., 1995) with each item rated from 0="not at all” to 4="severe,” and a total
score ranging from 0 to 76. The Perceived Sress Scale, a 10-item self-report measure, was
used to assess perceptions of stress during the previous month (Cohen et al., 1983).

2.3 Collection of Blood Samples and DNA Extraction

Participants underwent venipuncture at rest between 9:00AM and 6:45PM. Total DNA for
telomere assays was isolated from from anticoagulated whole blood (stored at -20) using the
Qiagen DNeasy Blood and Tissue Kit (Qiagen, cat # 69506).For telomerase assays, whole
blood was centrifuged at 3500 rpm for 20 minutes using soft acceleration and deceleration.
The buffy coat was then transferred to phosphate buffered saline (PBS) and centrifuged for
10 minutes at 2600 rpm using hard acceleration and deceleration. The resulting leukocyte
pellet was then re-suspended in PBS and stored at —80 °C.
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2.4 Telomere Length

We measured leukocyte telomere length using Southern blot in our final sample of 332
participants (166 MDD patients and 166 controls). Further, we validated our measure of
telomere length using quantitative polymerase chain reaction (qQPCR) in a subset of 250
individuals with sufficient DNA for a second analysis (125 MDD, 125 controls). Assays
were performed blind to diagnosis.

2.4.1 Telomere Length by Southern blot—Telomere length was first assessed with
standard quantitative telomere Southern blot analyses (Bodnar et al., 1998). To improve
quantification of the gel results, in addition to exposure to autoradiographic film (Kodak
Biomax-ER, Rochester, New York), the radioactive signal from the gels was quantified
using a phosphorimager (Storm 860, GE Healthcare Life Sciences, Pittsburgh, PA).
ImageQuant TL software (GE Healthcare Life Sciences) was then used to draw a grid (30
boxes) over each lane from 24 to 2.5 kb, allowing quantification of pixel density for each
box (OD;). Molecular weight size standards were used to calibrate the molecular weight
associated with each box (MW;) for each individual gel. Mean terminal restriction fragment
(TRF) of each sample was calculated from background-corrected box optical density (.ODi)
using the formula TRF = X (;ODi * MWi)/% (;ODi) with the assistance of
UTSWTELORUN software (available http://www4.utsouthwestern.edu/cellbio/shay-wright/
research/sw_lab_methods.htm), a modification of previous TELORUN software (Ouellette
et al., 2000).

2.4.2 Telomere Length by Quantitative Polymerase Chain Reaction (QPCR)—
Telomere length was further measured in confirmatory analyses with gPCR, a method now
commonly used in published studies (e.g. Cawthon, 2009). The ratio of telomere repeat copy
number to a single gene copy number (T/S) was determined by a previously described
modified, high-throughput version (Wang et al., 2008) of the gPCR telomere assay
(Cawthon, 2002) run on the Applied Biosystems 7900HT Sequence Detection System
(Foster City, CA, USA). Triplicate reactions of each assay were performed for each sample.
LTL is reported as relative T/S (i.e. T/S of the sample divided by the T/S of a within-plate
reference sample). The telomere and single-gene assay coefficients of variation (CVs) for
triplicates were 0.86% and 0.49%, respectively. CVs for the exponentiated T/S ratio were
13.4%.

2.5 Telomerase Activity

Total-cell extracts from leukocytes lysed on ice were cleared of debris, assayed for total
protein concentration (Pierce BCA Protein Assay Kit), and flash frozen at -80 until assay.
The Telomeric Repeat Amplification Protocol (TRAP) (Quantitative Telomerase Detection
Kit, Allied Biotech Inc.) was used to quantify telomerase activity in samples of equivalent
total protein through gPCR-based amplification of telomeric repeats added onto an
oligonucleotide substrate by the enzyme in a prior in vitro incubation step of fixed duration.
All samples were run in technical triplicates with low standard deviation. Additionally, this
methodology was verified by experimental replication of the first twenty matched pairs of
samples. As telomerase is a heat-sensitive enzyme, an equal volume of each sample heated
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to 85° for 10 minutes additionally served as a within-plate negative control and sample-
specific measure of background fluorescence.

2.6 Statistical Methods

Multivariate linear regression was used to examine whether telomere length and telomerase
activity varied by diagnosis (MDD vs. controls). Telomere length (as measured both by
Southern blot and by gPCR) and telomerase activity were natural log transformed to achieve
normality. Prior to analysis, we tested whether significant differences existed by diagnosis in
the baseline demographic and clinical covariates shown in Table 1, using t-tests for
continuous covariates and Fisher's exact tests for categorical covariates. We also tested
whether these covariates were significantly associated with telomere length and telomerase
activity (after ensuring the relationship was linear). While traditionally a potential
confounder would be defined as any covariate associated with both the outcome of interest
(i.e., telomere length or telomerase activity) and with diagnosis, and which is not on the
causal pathway (Clayton and Hills, 1998), we took a conservative approach and adjusted for
any covariates significantly associated with either the outcome of interest or diagnosis (but
were not on the causal pathway), and controlled for such covariates in the multivariate
regression models. We also examined whether age and gender (matching variables) were
effect moderators by including them in interaction terms with diagnosis. Finally, as a post-
hoc analysis, the association between continuous depressive symptom severity and telomere
length and telomerase activity was examined in the full sample using a multiple regression.
The level of statistical significance was set to 0.05 (two-tailed) for all analyses. Analyses
were conducted using SAS v9.2 (SAS Institute, Cary, NC).

The full sample for the primary analyses comprised 166 adults with current MDD and 166
age and gender-matched controls (total n=332). Participants were not, however, matched by
race; in light of data published after study enrollment reporting that telomeres of African-
Americans are significantly longer at birth but shorten faster than telomeres of Caucasians
(Hunt et al., 2008; Rewak et al., 2014; Zhu et al., 2011), resulting in shorter telomeres on
average by middle or late adulthood in African-Americans (Diez Roux et al., 2009;
Geronimus et al., 2010), we conducted further analyses among Caucasian participants only
(as we did not have enough statistical power to examine the associations for participants
within other races). In this follow-up analysis within Caucasians, to conserve power we did
not additionally restrict the sample to include only those MDD patients and Controls with an
age/gender match (i.e., we included Caucasian MDD patients previously matched to non-
Caucasians, as well as 1 Caucasian Control who was not previously matched to any MDD
patient). Telomerase activity was assessed in 300 of the 332 participants in the full sample,
excluding 16 of the MDD-Control pairs due to insufficient collected leukocyte samples.

3. Results

3.1 Participants and Symptom Characteristics

Figure 1 presents the study enrollment flowchart. Participants' characteristics by group are
reported in Table 1. As expected, no significant differences were detected by diagnosis in
age and gender, which were our matching factors. As seen in Table 1, at study entry,
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patients with MDD were significantly more likely than controls to have had a lower level of
education, exercise less frequently, smoke, and have medical co-morbidity (CIRS total
score), but less likely to have hypertension; they also were more likely to have lifetime
alcohol and/or drug abuse or dependence, greater grief severity (ICG total score), trauma
exposure (TEQ weighted score and ETISR number answered “yes”), and perceived stress
(PSS total score).

Mean time from MDD onset to study entry was 21.8 years (SD = 14.3, range 4 — 61).
Cumulative duration of mood episodes ranged from 8 months to 53 years, with a mean of
12.6 (SD=12.8) years. Almost half (39%, n=65) of participants with MDD reported lifetime
anti-depressant use of six months or more, 50% met criteria for a current anxiety disorder
(including SAD, panic, agoraphobia, current GAD, PTSD, and OCD), and 55% for a
lifetime anxiety disorder.

Table 2 presents a correlation table of continuous symptom measures with telomere length,
telomerase, BMI and age for controls and MDD participants. Of note, measures of stress
(PSS) and loss (ICG) were significantly associated with MADRS score in both groups. No
symptom measures, however, including MADRS score were significantly correlated with
telomere length, as measured by Southern or qPCR, or telomerase, with the exception of
perceived stress, which was correlated at the level of a trend (r=0.14, p<0.10) in the MDD
sample.

3.2 Telomere Length by Diagnosis

There was no significant difference in telomere length for individuals with MDD [mean
(SD)=9.1 (3.0)kbp] compared to controls [mean(SD) =8.9(2.5)kbp] measured by Southern
blot 0=0.014, SE(B)=0.031, t(331)= 0.45, p=0.65], or with confirmatory measurement by
gPCR [B=-0.0042, SE(B)=0.036, t(249) = -0.12, p=0.91]. The Pearson correlation between
LTL by Southern and by gPCR length (both log transformed to achieve normality) was
r=0.21 overall (p=0.0009).

On average, females had slightly longer telomeres [mean (SD) = 9.2 (2.9)kbp] compared to
males [mean (SD) = 8.7 (2.5)kbp], but differences by gender were non-significant [3=0.045,
SE(B)=0.031, t(331)= 1.45, p=0.15]. When measured by qPCR, telomere length was very
similar between females [mean (SD) = 0.66 (0.18) T/S ratio] and males [mean (SD) = 0.63
(0.20) T/S ratio]. While LTL by Southern blot did not vary significantly by continuous age
[B=-0.00045, SE()=0.0011, t(331)=-0.40, p=0.69] - see Appendix Figure A2, which
breaks out values by decade of age, LTL by gPCR did [=-0.0043, SE(B)=0.0013, t(249)=
-3.32, p=0.0010], being shortest in older participants, as seen in Appendix Figure A3. The
relationship between LTL by Southern and MDD was not significantly modified by gender
(interaction p=0.47) nor by age (interaction p=0.65). Results were similar for gPCR data.

In the post-hoc analysis examining whether the continuous MADRS total score (i.e. level of
depressive symptoms) was significantly associated with LTL across the full sample, we
again found a non-significant association with LTL in both Southern blot (R?=0.0003,
p=0.76) and gPCR (R?=0.0004, p=0.76) analyses.
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When we examined the potential for confounding, we found that education level, alcohol
and/or drug abuse/dependence, grief symptoms (ICG total score), cumulative (TEQ
weighted score) and early (ETISR number answered yes) trauma exposure, perceived stress
(PSS total score, exercise level, smoking status, hypertension, and medical co-morbidity
(CIRS total score) were significantly associated with MDD diagnosis, and that age
(p=0.0010), weight (p=0.030), and BMI (p=0.020) were significantly associated with LTL
by gPCR, and thus were potential confounders (note that none of the covariates shown in
Table 1 were significantly associated with LTL by Southern blot). Due to possible
collinearity with cumulative trauma exposure (TEQ total score), we chose not to adjust for
early trauma exposure (ETISR number answered yes), and also did not control for perceived
stress (PSS total score), because theoretically it is on the causal pathway - i.e. stress is a
possible mechanism through which MDD acts on telomere length. Adjusting for the
remaining potential confounders failed to alter our findings; LTL still did not significantly
differ by diagnosis for either Southern blot [3=0.016, SE()=0.049, t(188)=0.33, p=0.74] or
gPCR [$=-0.012, SE(p)=0.059, t(139)=-0.20, p=0.84].

Finally, when we repeated our analyses among Caucasian participants only, we again found
no significant difference in telomere length between MDD and controls in either Southern
blot (130 MDD, 114 Controls) or gPCR (108 MDD, 91 Controls) analyses, nor any effect
modification by age or gender.

3.3 Telomerase Activity by Diagnosis

On average, MDD patients had greater telomerase activity compared to controls, as seen in
Table 1, but differences were not statistically significant [p=-0.15, SE(p)=0.18, t(299)=
-0.84, p=0.40]. Even after controlling for potential confounding by those covariates in Table
1 that differed significantly by diagnosis, with the exception of the ETISR number answered
yes and PSS total score for reasons noted above (note that none of the covariates listed were
significant univariate predictors of telomerase activity), telomerase activity did not
significantly differ by diagnosis overall [3=0.22, SE(3)=0.28, t(172)=0.78, p =0.44]. A post-
hoc analysis examining the association of continuous MADRS total score with telomerase
activity in the full sample was also non-significant (R? =0.0015, p=0.50), even after
controlling for potential confounding.

Telomerase activity did not vary significantly by gender [3=-0.062, SE(8)=0.18,
t(299)=-0.34, p=0.73] nor by age [=-0.0041, SE(B)=0.0066, t(299)= -0.62, p=0.53], but
gender was a significant effect modifier (interaction p=0.0046), as seen in Figure 2. Male
MDD patients had significantly greater telomerase activity than male controls (3=0.70,
SE(B)=0.26, t(299)=2.67, p=0.0079), but female MDD patients had lower (but not
significantly different) telomerase activity than female controls (3= -0.32, SE()=0.24,
t(299)=-1.31, p=0.19). After adjustment for potential confounding, gender remained a
significant moderator, with significantly increased telomerase activity among MDD males
vs. controls [$=1.01, SE(B)=0.38, t(172)=2.65, p=0.0090], and non-significantly lower
telomerase activity among MDD females vs. controls [3=-0.38, SE($)=0.35, t(172)=-1.11,
p=0.27]. When we repeated our analyses among Caucasian participants only, we again
found significant effect modification by gender, with significantly increased telomerase
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activity among MDD males vs. controls, and non-significantly lower telomerase activity
among MDD females vs. controls.

3.4 Telomere Length and Telomerase Activity Within Participants with MDD

Among participants with MDD, neither total duration of mood episodes, years of MDD, nor
anxiety comorbidity (current or lifetime) were significantly associated with either LTL (by
Southern blot or qPCR) or telomerase level, even after controlling for potential confounding
by gender, age, and anti-depressant use. After additionally examining associations with
substance abuse/dependence co-morbidity, smoking status, exercise level, education level,
presence of hypertension, ICG total score, TEQ weighted score, and CIRS total score within
the MDD sample, we found that LTL by qPCR was significantly shorter among MDD
patients with hypertension, on average [b=-0.18, SE(b)=0.090, t(121)= -2.01, p=0.047], and
there was a slight trend for shorter LTL by gPCR associated with more years of MDD [B=
-0.0036, SE($)=0.0020, t(124)=-1.83, p=0.070]. Additional post-hoc associations examined
by diagnosis can be found in Table 2. Within the MDD sample, telomerase activity (log
transformed) was noted to be significantly positively correlated with LTL by qPCR (r=0.20,
p<0.05), as seen in Table 2, and the association remained significant even after adjusting for
age.

4. Discussion

Our well-powered concurrent examination of telomere length and telomerase activity in a
well-characterized sample of individuals with chronic MDD and age- and gender-matched
controls failed to find an association of MDD with telomere length. This finding is at odds
with a recent meta analysis of 25 studies examining LTL and MDD (Schutte and Malouff,
2015) and a number of published studies reporting that individuals with a MDD diagnosis
determined by structured or questionnaire supported diagnostic interviews possess shortened
telomeres (Garcia-Rizo et al., 2013; Hartmann et al., 2010; Karabatsiakis et al., 2014; Lung
et al., 2007; Simon et al., 2006; Verhoeven et al., 2013; Wikgren et al., 2012). On the other
hand, our data are consistent with other published studies that have failed to demonstrate a
significant association with depression diagnosis ascertained by validated, structured clinical
interviews (Malan et al., 2011; Schaakxs et al., 2015; Teyssier et al., 2012). In addition,
studies that employed a variety of self-report symptom screening methods or self
administered diagnostic assessments, some of which include non-clinical, population based
studies have also reported no significant association between LTL and depression (Hoen et
al., 2013; Ladwig et al., 2013; Shaffer et al., 2012; Surtees et al., 2011).

Potential explanations for these mixed results include the differing methods of assessment of
MDD (e.g. SCID vs. CES-D), as well as ascertainment of clinical samples versus non-
clinical populations (for review see Kinser and Lyon, 2013; Schutte and Malouff, 2015).
However, both positive and negative findings have been reported in studies using validated,
structured clinical interviews to diagnose depression. Mixed results in depression and
telomere studies may also be due in part to the presence of potentially uncontrolled
confounding factors such as variably assessed medical illness and life stressors; however,
not all studies with positive results failed to control for multiple confounding variables. For
example, Verhoeven et al. (2013) found that both remitted and current MDD was associated

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Simon et al.

Page 11

with shorter telomeres than controls after adjusting analysis for age, sex, education, BMI,
smoking, alcohol use, physical activity, and somatic diseases. Finally, telomere length assay
methods also vary across studies. While Southern blot was initially the preferred method to
measure telomere length and is a gold standard for reliability (Hartmann et al., 2010; Lung
et al., 2007), quantitative polymerase chain reaction has become the most widely used
method (Schutte and Malouff, 2015). In summary, using a replication strategy with two
well-validated methods to measure telomere length, we found that individuals with MDD
did not have shorter telomeres than their psychiatric disorder-free gender- and age-matched
counterparts. Neither adjustment for a broad array of potential confounding factors (such as
allowed medical comorbidity, age, gender, education, alcohol/drug-use disorders and life
stressors including trauma and loss) nor restriction of the analyses to Caucasians revealed
significant differences. While there was no significant difference in telomerase activity
between individuals with MDD and controls in the bivariate analysis, the analysis
controlling for potential confounds including grief symptoms, trauma exposure, alcohol
and/or drug abuse/dependence, education level, and medical co-morbidity, revealed higher
telomerase activity in males with MDD than in male controls, suggesting depression might
be associated with increased telomerase activity. Although counter to our initial hypothesis
and significant only for men with significant gender effects, these telomerase activity results
are in line with those of Wolkowitz et al. (2012) who reported that telomerase activity was
higher in 20 medication-free individuals with MDD compared to 18 controls after
controlling for age and gender. It has been suggested that increased telomerase activity may
reflect a compensatory response to cellular damage (Harley, 2005), and our results suggest
that MDD may be associated with such increased activity. It is, however, unclear why
certain factors associated with MDD (e.g. grief symptoms, trauma exposure, alcohol and/or
drug abuse/dependence, and medical co-morbidity) might play a role in normalizing
telomerase activity in individuals with MDD, or why we found significantly greater
telomerase activity in men but not women.

Our study's strengths include recruitment of a sample with careful selection criteria, limiting
potential confounding by factors such as obesity that may not be sufficiently adjusted for by
statistical approaches alone, and extensive formal characterization of lifetime comorbidities,
environmental stressors, and formalized cumulative medical illness ratings. Further, we used
well-validated rating scales and rigorous enrollment criteria, requiring at least 5 years since
the onset of the first major depressive episode and a current episode as determined by SCID
administered by a trained clinical rater in order to assure that MDD was a primary diagnosis
of sufficient severity and length to potentially impact telomere length. Our findings raise the
possibility that residual confounding by factors known to be associated with both depression
and telomere length might be contributing to findings in some prior studies of depression
and telomere length with less rigorous assessment or entry criteria.

Study limitations include the cross-sectional nature of this study with depression history
dependent on structured clinician interviews only, and the lack of assessment of other
potential confounds such as paternal or maternal age or genetic contributors. Further, our
rigorous entry criteria developed to limit confounding, including the exclusion of some
medical conditions, may have selected an unrepresentative cohort of patients with MDD.
Enrolled patients were required to be free of antidepressants at study entry in order not to
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interfere with experimental assays. This may have limited severity and chronicity of the
sample; of note, less than half of the sample reported lifetime antidepressant use for over 6
months (40%). Of interest, a recent population based study of young adults with depression
also found no difference in telomere length overall or in Caucasians specifically, except in
the subsample currently taking antidepressants—a subset interpreted as having severest
disease as indicated by prior medical presentation with treatment-warranting symptoms
(Needham et al., 2015). Nonetheless, in our study, the cumulative duration of depressive
episodes was long (mean of 12.6 (SD=12.8) years) and the mean time from MDD onset was
21.8 years (SD = 14.3, range 4 — 61), representative of chronic MDD. Further, depression
severity as measured by the MADRS also failed to show a significant association with both
telomere length and telomerase activity. Finally, the direct correlation between gPCR T/S
ratio and Southern telomere kbp length results were modest, and non significant in controls;
the confirmatory gPCR was also performed later at a different laboratory. It is worth noting
that prior studies have also found wide variability in absolute results across laboratories,
though standardized values examined as ranks were highly correlated, significant variance
across labs remained and was largely explained by differences in gPCR and gel based
methods (Martin-Ruiz et al., 2014)

In conclusion, despite some limitations, when extensively controlling for a range of
measured covariates at entry and in analyses, including age, gender, trauma and loss, and
medical comorbidity, our cross sectional analyses suggest that telomere length may not be
independently associated with MDD. It is possible that some previous positive reports may
include unmeasured confounding of the MDD-telomere length relationship, such as medical
conditions or obesity, contributing to variability across studies. Finally, while not significant
overall, telomerase activity was lower in men with depression even after adjustment for
potential confounders. Further replication and prospective studies are needed to shed light
on the relationship of MDD to cellular aging.
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Appendix Figure Al.

Scatterplot of Telomere length, as measured by Southern blot (kilobase pair = kbp), by
gender and diagnosis (each dot/circle represents a subject). Although not significantly
different, females had slightly longer Telomeres than males overall, with differences more
pronounced among MDD patients. For color versions of the figures, please refer to the web

version of the article.
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Appendix Figure A2.
Scatterplot of Telomere length, as measured by Southern blot (kilobase pair = kbp), by

decade of age and diagnosis (each dot/circle represents a subject). Telomere Southern length
did not vary significantly by age overall. For color versions of the figures, please refer to the

web version of the article.
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Appendix Figure A3.
Scatterplot of Telomere length, as measured by qPCR (ratio of telomere repeat copy number

to a single gene copy number= T/S ratio), by decade of age and diagnosis (each dot/circle

represents a subject). Telomere gPCR length was significantly shorter in older participants
compared to younger participants overall. For color versions of the figures, please refer to

the web version of the article.
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Figure 1.

Summary of number of subjects assessed for eligibility, excluded, and enrolled, with reasons
for exclusion from the study and exclusion from the analysis population, for subjects with
MDD 1a) and healthy controls (1b). Note: MDD = major depressive disorder; BMI = body-

mass index.
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Figure 2.
Scatterplot illustrating the differential association between MDD and Telomerase activity

based on gender (each dot/circle represents a subject). As seen in Figure 2a, mean
Telomerase activity was significantly higher among males with major depressive disorder
(MDD) compared to healthy male controls, whereas in Figure 2b, the opposite was true -
mean Telomerase activity was lower among females with MDD than healthy female
controls, though differences were non-significant. For color versions of the figures, please
refer to the web version of the article.
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