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Abstract

Background. Electroconvulsive therapy (ECT) is the most acutely effective treatment for
severe treatment-resistant depression. However, there are concerns about its cognitive side-
effects and we cannot yet confidently predict who will experience these. Telomeres are
DNA-protein complexes that maintain genomic integrity. In somatic cells, telomeres shorten
with each cell division. Telomere length (TL) can thus provide a measure of ‘biological’ aging.
TL appears to be reduced in depression, though results are mixed. We sought to test the
following hypotheses: (1) that TL would be shorter in patients with depression compared
to controls; (2) that TL would be a predictor of response to ECT; and (3) that shorter TL
would predict cognitive side-effects following ECT.

Method. We assessed TL in whole blood DNA collected from severely depressed patients
(n=100) recruited as part of the EFFECT-Dep Trial and healthy controls (n=280) using
quantitative real-time polymerase chain reaction. Mood and selected cognitive measures,
including global cognition, re-orientation time, and autobiographical memory, were obtained
pre-/post-ECT and from controls.

Results. Our results indicate that TL does not differ between patients with depression com-
pared to controls. TL itself was not associated with mood ratings and did not predict the
therapeutic response to ECT. Furthermore, shorter baseline TL is not a predictor of cognitive
side-effects post-ECT.

Conclusions. Overall, TL assessed by PCR does not represent a useful biomarker for predict-
ing the therapeutic outcomes or risk for selected cognitive deficits following ECT.

Introduction

The use of electroconvulsive therapy (ECT) for depression is often limited by its cognitive
side-effects (Semkovska and McLoughlin, 2010), but most of these usually resolve within
two weeks of treatment, with the majority of cognitive functions improving beyond baseline
scores after this period (Semkovska and McLoughlin, 2010). Age, sex, pre-morbid intellectual
function, and form of ECT all impact on cognitive outcomes following a treatment course
(Sackeim et al., 2008; Tor et al., 2015; Semkovska et al., 2016; Kolshus et al., 2017), though
to date we have no definitive predictors for risk.

Telomeres are DNA-protein complexes that cap the ends of chromosomes to maintain gen-
omic integrity and are comprised of tandemly repeated hexameric sequences of TTAGGG
repeats that form a scaffold to which telomeric proteins bind (Blackburn, 2005). A multicom-
ponent telomere homeostasis system exists to prevent telomere over-extension and promote
extension whenever shortening occurs. Normal cells have limited replicative capacity,
known as the ‘Hayflick limit,” which can be explained by the progressive shortening of telo-
meres at every mitotic event (Hayflick and Moorhead, 1961), leading eventually to cell arrest
and senescence (Shalev et al., 2013). Telomere length (TL) is thus suggested to represent a
marker of a cell’s biological, as opposed to chronological, age (Epel et al., 2004). In the normal
human population, TL is heterogeneous and ranges between 5-15 kilobases (Allsopp et al.,
1992). TL is highly heritable, with a stronger maternal than paternal inheritance, and is posi-
tively associated with paternal age (Broer ef al., 2013). TL is influenced by genetic background
and environmental factors (Samassekou et al., 2010), and can vary between tissue type, cells,
and even between chromosomes within the same cell. TL dysfunction and accelerated short-
ening are associated with increased oxidative stress and increased inflammatory load, increased
stress and hypothalamic-pituitary-adrenal axis dysregulation, metabolic imbalance, and
decreased neurotrophic factors, e.g. brain derived neurotrophic factor, all of which have
links to depression (O’Donovan et al., 2011; Barnes et al., 2018; Manoliu et al., 2018).

Depression is suggested to represent a state of accelerated biological aging (Wolkowitz et al.,
2010), and is a risk factor for age-related disorders, e.g. cardiovascular disease (Van der Kooy
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et al., 2007) and Alzheimer’s disease (Ownby et al., 2006), both of
which are associated with shortened TL (Brouilette et al., 2007;
Liu et al, 2016). Thus, researchers began examining the associ-
ation between TL and depression in 2006. The first study to ana-
lyze TL in clinically diagnosed patients with depression showed
shortened TL in patients compared to controls (Simon et al.,
2006). However, since then results have been varied, with studies
showing both shorter TL (Hartmann et al., 2010; Wikgren et al.,
2012; Garcia-Rizo et al., 2013; Verhoeven et al, 2013;
Szebeni et al., 2014; Tyrka et al., 2016) and no difference in TL
(Zhang et al., 2010; Wolkowitz et al., 2011; Teyssier et al., 2012;
Hoen et al., 2013; Schaakxs et al., 2015) between clinically diag-
nosed patients with depression and controls. A number of
meta-analyses have now been carried out to clarify the relation-
ship between TL and depression (Schutte and Malouff, 2015;
Lin et al., 2016b; Ridout et al., 2016). Overall, they show shortened
TL in patients with depression v. controls, and this effect was
greatest where patients were clinically diagnosed (Lin et al.,
2016b; Ridout et al., 2016). Ridout et al. (2016) also showed
that TL was significantly associated with depression severity. To
date, only a few studies have examined the association between
TL and response to treatments for depression (Martinsson
et al., 2013; Hough et al., 2016; Rasgon et al., 2016), with all sug-
gesting that shorter TL is associated with poor treatment
outcomes.

TL is suggested to be linked to cognitive performance
(Kljajevic, 2011) and may act as a biomarker of both cognitive
and physical aging (Harris et al., 2016). One study investigating
the relationship between TL and cognition showed a negative
association with age and positive association with cognitive per-
formance (episodic memory and associated learning, recognition
memory for non-verbal patterns, working memory capacity) in
healthy adults from the general population (Valdes et al., 2010).
TL accounted for 2.3% of the variance in cognitive ability, sug-
gesting that it might act as a biomarker of cognitive aging.
Other studies have also indicated that TL is associated with cog-
nitive ability (Ma et al., 2013), and shorter TL has been proposed
as a prognostic factor for cognitive decline and dementia (Yaffe
et al., 2011; Martin-Ruiz et al., 2006; Devore et al., 2011; Honig
et al.,, 2012). However, a recent meta-analysis found no associ-
ation between TL and decline in general cognitive ability (Zhan
et al, 2018). While a small pilot study (n=53) showed a link
between TL and cognitive ability in patients with schizophrenia
(Vaez-Azizi et al., 2015), no study has examined the relationship
between TL and cognitive performance in patients with depres-
sion or following ECT.

Here, we examined whether blood TL was associated with
response to ECT, mood scores, and cognitive function in 100
depressed individuals before and after treatment with ECT. We
also compared TL in depressed patients at baseline with that of
healthy controls. We hypothesized that: (1) TL would be shorter
in patients with depression compared to controls; (2) that shorter
TL would predict poorer response to ECT; and (3) that shorter TL
would predict the risk for cognitive side-effects post-ECT.

Material and methods
Subjects

This study was approved by St Patrick’s University Hospital
Research Ethics Committee and adhered to the Declaration of
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Helsinki (World Medical Association, 2013). All participants pro-
vided written informed consent.

Severely depressed patients were recruited as part of the
EFFECT-Dep Trial between 2008-2012 in St. Patrick’s Mental
Health Services, Ireland (Semkovska et al., 2016). Healthy con-
trols, with no history of psychiatric illness, were recruited through
advertisement in local newspapers and social media.

Fasting peripheral blood samples were collected in K,EDTA
tubes (BD, UK) between 07:30-09:30 and stored at —80 °C until
analysis. Blood was collected from the patient on the morning of
the first ECT treatment and from controls on the assessment day.

Electroconvulsive therapy

ECT was administered with hand-held electrodes using metho-
hexitone (0.75-1.0 mg/kg) for anesthesia and succinylcholine
(0.5-1.0 mg/kg) as muscle relaxant (Semkovska et al., 2016).
Patients were randomly allocated to receive treatment twice-
weekly with either moderate dose bitemporal (1.5 X seizure
threshold) or high-dose unilateral (6 x seizure threshold) ECT
in a real-world practice. Patients were maintained on pharmaco-
therapy as usual.

Inclusion criteria: >18 years old, referred for ECT for treatment
of a major depressive episode as diagnosed by the Structured
Clinical Interview for DSM-IV Axis I Disorders (First et al.,
1996), pre-treatment Hamilton Depression Rating Scale 24-item
version (HAM-D24) score >21 (Beckham and Leber, 1985).

Exclusion criteria: substance misuse in the previous 6 months,
medically unfit for general anesthesia, ECT in the previous 6
months, dementia or other axis I diagnosis, involuntary status
or inability/refusal to consent.

Clinical and cognitive assessments

Demographic and clinical data were documented for all partici-
pants. Depression severity and response to ECT were assessed
using the HAM-D24. Response was defined as a 60% reduction
in HAM-D24 and a score <16 at end-of-treatment. Remission
was defined as a >60% reduction in HAM-D24 and a score
<10 for two weeks post-ECT.

Global cognition was assessed in all participants using the
Mini-Mental State Examination (MMSE) (Folstein et al., 1975).
Autobiographical memory was prioritized as a cognitive outcome
in the EFFECT-Dep Trial and measured using the Columbia
Autobiographical Memory Interview - Short Form (CAMI-SF)
(McElhiney et al., 2001; Semkovska et al., 2012). A prolonged
time to recovery of orientation has also been linked to problems
with autobiographical memory following ECT (Sackeim et al.,
2008; Tor et al., 2015). We assessed the immediate cognitive
effects of ECT by documenting the time to recovery of orientation
after each session using a 5-point scale over the 50 min post-ECT
and calculating the mean time to recovery of orientation across
the treatment course (Sackeim et al., 2008; Semkovska et al.,
2016). Thus, here we assessed the relationship between TL and
global cognitive function (MMSE score) in patients and controls,
and the relationship between TL and pre-ECT autobiographical
memory performance, recovery of orientation following ECT ses-
sions, and retrograde autobiographical amnesia post-ECT in
patients, as these were the measures for which we had the most
complete datasets (Semkovska et al., 2016).
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DNA extraction

Whole blood DNA was extracted using an Autopure LS® (Qiagen)
by Trinity College Dublin’s Biobank facility, as previously
described (Ryan et al., 2018). Purified DNA had an A260/A280
ratio of 1.7-1.9.

Telomere assay

Blood TL was measured using quantitative real-time polymerase
chain reaction (QRT-PCR) (Cawthon, 2002). A five-point stand-
ard curve of Hela cell DNA ranging from 0.31-25ng was
included on each plate so that the quantity of targeted templates
in each sample could be determined relative to the standard curve.
TL is expressed as a telomere to single-copy gene (T/S) ratio.
The telomere primers used were tellb (CGGTTTGTTT
GGGTTTGGGTTTGGGTTTGGGTTTGGGTT), at a final con-
centration of 100nM, and tel2b (GGCTTGCCTTACCC
TTACCCTTACCCTTACCCTTACCCT), at a final concentration
of 900 nM. The primers for the single-copy gene (Hgbl) were
hgbl (GCTTCTGACACAACTGTGTTCACTAGC), at a final
concentration of 300 nM, and hgb2 (CACCAACTTCATCC
ACGTTCACC), at a final concentration of 700 nM. Primers
were salt-free purified (Eurofins Genomics, Germany). For the
telomere qRT-PCR reaction, the cycling profile was 95 °C for
5 min followed by 30 cycles of 95°C for 15s and 54 °C for
2 min. For the single-copy gene, the cycling profile was 95 °C
for 5 min followed by 40 cycles of 95 °C for 15 s, 58 °C for 20 s,
and 72 °C for 28 s. Each sample was assayed in duplicate wells
on three separate plates, with identical sample/well positions
used across plates. The average r* of the PCR runs was >0.99
and the average efficiencies of the TL and HGB runs were 105
and 92%, respectively. To control for inter-assay variability, five
control DNA samples were included in each run. The intra-assay
coefficient of variation (CV) was <3% and the inter-assay CV was
<6%; assays above these %CVs were excluded from analyses.

Statistical analysis

SPSS, version 25 (IBM Corporation, NY, USA), was used to ana-
lyze all data. Data were assessed for normality using the
Kolmogorov-Smirnov test. Differences in demographic and clin-
ical characteristics between groups were determined using chi-
squared tests or independent ¢ tests, where appropriate. General
linear models were used to determine differences between groups.
Pearson’s or Spearman’s correlation tests were used to assess asso-
ciations between continuous variables, while point-biserial corre-
lations were used to determine associations between continuous
and dichotomous variables. We used linear regression models to
examine associations between TL and cognitive outcomes
post-ECT. Logistic regression models were used to analyze the
association between TL and therapeutic outcome. The
EFFECT-Dep Trial showed that bitemporal ECT is associated
with a longer time to recovery of reorientation post-ECT com-
pared to unilateral ECT (Semkovska et al., 2016); therefore, we
included electrode placement as a potential confounder in our
analyses. Analyses were conducted as follows: (1) unadjusted or
(2) adjusted for age and electrode placement (where appropriate).
TL data are presented as mean T/S ratio + standard deviation
(s.0.). Differences with a p value < 0.05 were regarded as statistic-
ally significant.
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An effect size (Hedges” g) of 0.422 for shorter leukocyte telo-
mere length in patients diagnosed with depression compared to
healthy controls was reported by Lin et al., 2016b. Therefore, a
post hoc analysis was performed to assess the power of our
study to detect a similar effect size. Using 100 patients and 80
controls and setting alpha at 0.05 (two-sided), we had 80%
power to detect an effect size of 0.422.

Results
Demographic and clinical characteristics of subjects

Table 1 depicts the demographic and clinical information for all
subjects. Blood DNA samples were available from 131/138
patients from the EFFECT-Dep Trial. Owing to poor PCR amp-
lification or for the purposes of age and sex matching with con-
trols, 33 samples were excluded from final analyses. We thus
compared samples from a total of 100 patients with depression
to 80 age- and sex-matched healthy controls. The groups differed
significantly with respect to the number of smokers ( p <0.001),
with more smokers found in the depressed group, and educational
attainment (p <0.001), with the depressed group attaining a
lower level of education overall.

TL in patients with depression and controls

TL data were non-normally distributed. However, the data were
normally distributed following natural log transformation and
so log transformed data were used in further analyses.

As expected, TL was significantly negatively associated with
age (p=-0.32, p=0.000016) in the group as a whole, and in
the depressed (r=—0.34, p=0.001) and control (r=-0.33, p=
0.003) groups individually. TL was not significantly associated
with sex, body-mass index (BMI), smoking status, or educational
attainment (all p > 0.05). Therefore, all subsequent analyses were
performed both unadjusted and adjusted for age as a confounder.

TL did not differ between controls and patients with depres-
sion (F(;,17sy=0.67, p=0.42), with a mean TL (mean+s.p.) of
2.43+0.61 in the depressed group and 2.51 + 0.68 in the control
group (Fig. 1). Adjusting for age had no effect (F; 77, =0.11, p=
0.74). Moreover, removing persons with an inflammatory (n = 12)
or neurological disorder (n=6) from analyses did not alter
results; therefore, we retained these people in all further analyses.
The effect size of our study was —0.12 for shorter TL in depressed
patients. This is below the threshold of 0.2 for a meaningful result.

TL did not significantly differ (p > 0.05) between patients pre-
viously treated with ECT (n=37) v. those who were not (n=63)
(mean £s.0.: 2.34 £ 0.56 and 2.48 £ 0.63, respectively), or v. con-
trols (p>0.05), and adjusting for age had no effect. TL also did
not differ between patients with unipolar or bipolar depression
(mean t£s.p.: 241+0.60 and 2.52+0.65, respectively; F;og)=
0.50, p=0.48), or psychotic or non-psychotic depression
(mean +s.p.: 2.28+045 and 2.47+0.64, respectively; F(og)=
1.69, p =0.20), and adjustment for age had no effect. TL was not
associated with the number of depressive episodes experienced
by patients (p=—-0.01, p=0.92) or the duration of illness (p =
—0.07, p=0.53), and adjusting for age did not alter the results.

The relationship between TL and mood was also examined.
We found no association between TL and baseline/pre-ECT
HAM-D24 score in either the depressed (p=0.11, p=0.29) or
control (p=-0.04, p=0.71) groups, and adjusting for age had
no effect.
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Characteristic

ECT Patients (n=100)

Controls (n=80)

Statistics

Age (years), mean £s.p. 54.96 £ 13.29 52.16 £11.05 t=1.51, p=0.133
Sex, No. (%) x>=0.587, p=0.444
Male 38 (38) 26 (32.5)
Female 62 (62) 54 (67.5)
BMI, mean #s.p. 26.47 £4.65 25.40+4.16 t=1.612, p=0.109
Smokers, No. (%) 44 (44) 15 (18.8) x?=13.22, p<0.001
Educational Attainment x> =53.136, p <0.001
Primary 14 (14) 1 (1.25)
Secondary 59 (59) 14 (17.5)
Tertiary/Quaternary 27 (27) 65 (81.25)
Bipolar depression, No. (%) 18 (18)
Psychotic depression, No. (%) 21 (21)
Duration of illness (years), mean +s.p. 14.53+13.37
Number of depressive episodes, mean +s.p. 4.89 +4.50
Medications, No. (%) taking
SSRI 19 (19)
SNRI 50 (50)
TCA 31 (31)
MAOI 8 (8)
Mirtazapine 32 (32)
Lithium 36 (36)
Sodium Valproate 6 (6)
Antipsychotics 69 (69)
Benzodiazepines 57 (57)
Non-benzodiazepine hypnotics 63 (63)
Pregabalin 6 (6)
Bupropion 3(3)
Other 22 (22)
Pre-ECT/baseline HAM-D24, mean +s.p. 29.99 +6.28 2.98+2.34 t=36.50, p<0.001
Post-ECT HAM-D24, mean +s.D. 12.42 +8.92
Electrode placement, No. (%)
Unilateral 50 (50)
Bitemporal 50 (50)
Number of ECT sessions, meanzs.p. 7.96+2.54
Responders, No. (%) 54 (54)
Remitters, No. (%) 42 (42)
Time to recovery of orientation (min), mean +s.p. 25.43+11.57
Pre-ECT/baseline MMSE, mean +s.p. 27.66 £2.15 29.44 +0.86 t=-7.07, p<0.001
Post-ECT MMSE, mean +s.D. 27.32+2.62
Pre-ECT/baseline CAMI-SF, mean *s.p. 46.61+9.36
Post-ECT CAMI-SF % recall, mean *s.p. 62.74£17.27

BMI, body mass index; CAMI-SF, Columbia Autobiographical Memory Interview - Short Form; ECT, electroconvulsive therapy; HAM-D24, Hamilton depression rating scale, 24-item version;
MAOI, monoamine oxidase inhibitor; MMSE, Mini-Mental State Examination; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; TCA, tricyclic

antidepressant.
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Fig. 1. Unadjusted raw T/S ratio values in healthy con-
trols compared to patients with depression. T/S ratio, 0 T T
telomere:single-copy gene ratio. Control Depressed

TL in ECT responders and remitters

We next determined whether there were differences in TL between
ECT responders/non-responders and remitters/non-remitters
(Tables 2 and 3, respectively). ECT responders were significantly
older than non-responders ( p =0.001) and had less ECT sessions
(p<0.001). There were significantly more smokers in the non-
responder group (p=0.02). ECT remitters were significantly
older than non-remitters (p <0.001) and had less ECT sessions
(p<0.001). No other differences were noted between responder/
non-responder or remitter/non-remitter groups.

Mean TL did not differ between responders and non-
responders (mean +s.0.: 2.33 +0.52 and 2.54 + 0.69, respectively;
F1,08)=2.16, p=0.15) or between remitters and non-remitters
(mean = SD: 2.35+0.51 and 2.49 £ 0.67, respectively; F(;og) =
0.82, p=0.37), and adjustment for age had no effect. Shorter
TL did not confer increased odds for being an ECT non-
responder or non-remitter, as assessed using unadjusted (8=
1.24, p=0.15 and B =0.40, p = 0.25, respectively) or fully adjusted
(for age and electrode placement; B =0.44, p=0.64 and f=
—0.07, p =0.87, respectively) logistic regression models.

Correlation analyses assessed the association between TL and
baseline HAM-D24 scores as well as the absolute and relative
change in HAM-D24 score in responders/non-responders and
remitters/non-remitters. There was no relationship between TL
and mood at baseline in responders (p=-0.02, p=0.92) and
non-responders (p=0.27, p=0.08), or in remitters (p=0.03,
p=0.83) and non-remitters (p =0.15, p=0.25). Moreover, we
found no associations between TL and the absolute or relative
change in HAM-D24 post-ECT, and controlling for age and
electrode placement on the relationship between TL and the abso-
lute or relative change in HAM-D24 did not alter these results
(all p>0.05).

TL and cognition

We collected mean time to recovery of orientation post-ECT for
100/100 patients with depression (mean time in min *s.D.:
25.43+£11.57). A linear regression analysis was carried out to
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determine if baseline TL predicted the mean time to recovery
of orientation post-ECT. The results of the regression model
were non-significant  (F(j 08 =2.06, p=0.15, R*=0.02).
However, the model was a significant predictor of mean time
to recovery of orientation when age and electrode placement
were added (F36) = 3.96, p =0.01, R?=0.11), with age contrib-
uting significantly to the model (8=0.28, p =0.008), while TL
(=-0.04, p=0.73) and electrode placement (f=0.15 p=
0.13) did not.

We collected baseline CAMI-SF scores for 94/100 patients and
percentage recall on the CAMI-SF at end-of-treatment for 92/100
patients. The baseline CAMI-SF score provides a measure of
retrospective autobiographical memory performance with a max-
imum score of 60. There was no relationship between TL and
baseline CAMI-SF score (p=0.13, p=0.21), and adjusting for
age had no effect (Spearman’s partial p =0.05, p =0.64). A linear
regression analysis was performed to determine if TL predicted
the percentage recall consistency of baseline memories post-
ECT. The results of the regression model were non-significant
(F(1,90) = 0.002, p=0.99, R?=10.000002), and the model remained
non-significant when age and electrode placement were added
(F3.88) = 2.34, p=0.08, R* =0.07).

We collected MMSE scores for 85/100 patients with depres-
sion and 80/80 healthy controls. The mean baseline MMSE
scores were 27.66 +2.15 for patients and 29.44 + 0.86 for con-
trols. The difference between the groups was significant (p <
0.001). Baseline MMSE score was significantly negatively asso-
ciated with age (p=-0.281, p<0.001). In the sample as a
whole, MMSE score was significantly correlated with TL (p =
0.20, p=0.01); however, this was no longer significant after
adjusting for age (p =0.14). There was no correlation between
TL and baseline MMSE score in either the depressed (p =0.18,
p=0.09) or control (p=0.22, p=0.05) groups individually,
and adjusting for age had no effect (p=0.83 and p=0.05,
respectively). In the depressed group, there was no correlation
between TL and the absolute or relative change in MMSE
score post-ECT (p=0.14, p=0.21 and p =0.05, p=0.59), and
adjusting for age and electrode placement did not alter this result
(p=0.31 and p =0.91, respectively).
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Table 2. Demographic and clinical characteristics of the ECT responders v. non-responders
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Characteristic

Responders (n=54)

Non-responders (n = 46)

Statistics

Age (years), mean £s.p. 59.13+11.70 50.07 +13.49 t=3.60, p=0.001
Sex, No. (%) x*>=0.04, p=0.84
Male 21 (38.9) 17 (37)
Female 33 (61.1) 29 (63)
BMI, mean % s.p. 26.34+4.68 26.64 +4.67 =-0.32, p=0.75
Smokers, No. (%) 18 (33.3) 26 (56.5) x*=5.08, p=0.02
Education Level x*=1.68, p=0.43
Primary 9 (16.7) 5(10.9)
Secondary 33 (61.1) 26 (56.5)
Tertiary/Quaternary 12 (22.2) 15 (32.6)
Bipolar depression, No. (%) 11 (20.4) 8 (17.4) x*=0.14, p=0.71
Psychotic depression, No. (%) 14 (25.9) 8 (17.4) x*=1.05, p=0.30
Duration of illness (years), mean +s.p. 12.30+12.19 17.29+14.38 t=-1.73, p=0.09
Number of depressive episodes, mean +s.p. 4.72 +£5.10 5.37+3.79 t=-0.71, p=0.48
Medications, No. (%) taking
SSRI 11 (20.4) 8 (17.4) x*=0.14, p=0.71
SNRI 28 (51.9) 22 (47.8) x*=0.16, p=0.69
TCA 17 (31.5) 14 (30.4) x2=0.01, p=0.91
MAOI 6 (11.1) 2 (4.3) x*>=1.54, p=0.21
Mirtazapine 15 (27.8) 17 (37) x*=0.96, p=0.33
Lithium 20 (37) 16 (34.8) x>=0.06, p=0.82
Sodium valproate 5(9.3) 1(2.2) =221, p=0.14
Antipsychotics 35 (64.8) 35 (76) x*=1.50, p=0.22
Benzodiazepines 33 (61.1) 24 (52.2) x>=0.81, p=0.37
Non-benzodiazepine hypnotics 30 (55.6) 34 (73.9) x*=3.63, p=0.06
Pregabalin 2 (3.7) 3 (6.5) x>=0.42, p=0.52
Bupropion 0 (0) 3 (6.5) x*=3.63, p=0.06
Other 11 (20.4) 11 (23.9) x>=0.18, p=0.67
Pre-ECT HAM-D24, mean #s.D. 30.22+6.51 29.72 +6.05 t=0.40, p=0.69
Post-ECT HAM-D24, mean + s.p. 5.85+3.698 20.48 £6.49 t=-13.29, p<0.001
Electrode placement, No. (%) x*>=2.58, p=0.11
Unilateral 31 (57.4) 19 (41.3)
Bitemporal 23 (42.6) 27 (58.7)
Number of ECT sessions, mean +s.p. 7.02+2.18 9.20+2.29 =—4.87, p<0.001

BMI, body mass index; ECT, electroconvulsive therapy; HAM-D24, Hamilton depression rating scale, 24-item version; MAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake

inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant.

Discussion

This study is the first to examine the relationship between TL and
therapeutic response to ECT and selected cognitive outcomes
post-ECT. In line with previous reports, our results show a signifi-
cant negative correlation between TL and age. However, we found
no difference in TL between healthy controls and medicated, hos-
pitalized, clinically diagnosed patients with depression. There was
no association between TL and chronicity of depression or mood
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scores. Contrary to our initial hypotheses, TL did not predict the
response to ECT or selected cognitive outcomes post-ECT.
Previous results regarding the relationship between depression
and TL have been varied. Our results are in line with those of
some studies that showed no difference in TL between clinically
diagnosed patients with depression and controls (Wolkowitz
et al.,, 2011; Chen et al., 2014; Needham et al., 2015; Schaakxs
et al., 2015; Simon et al., 2015). However, the results of three
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Table 3. Demographic and clinical characteristics of the ECT remitters v. non-remitters

Karen M. Ryan and Declan M. McLoughlin

Characteristic Remitters (n=42)

Non-remitters (n=58)

Statistics

Age (years), mean £s.n. 60.71 £ 10.99 50.79+13.34 t=3.95, p<0.001
Sex, No. (%) x>=0.16, p=0.69
Male 15 (35.71) 23 (39.66)
Female 27 (64.29) 35 (60.34)
BMI, mean #s.p. 26.11+4.24 26.74+4.95 =-0.66, p=0.51
Smokers, No. (%) 14 (33.3) 30 (51.7) x?=3.65, p=0.06
Education Level x*=1.63, p=0.44
Primary 8 (19.05) 6 (10.34)
Secondary 24 (57.14) 35 (60.34)
Tertiary/Quaternary 10 (23.81) 17 (29.31)
Bipolar depression, No. (%) 9 (21.43) 10 (17.24) x>=0.28, p=0.60
Psychotic depression, No. (%) 11 (26.19) 11 (18.97) x*=0.74, p=0.39
Duration of illness (years), mean +s.o. 12.49+13.10 16.10+13.49 t=-1.24, p=0.22
Number of depressive episodes, mean +s.p. 4.26+5.13 5.57+4 t=-1.43,p=0.16
Medications, No. (%) taking
SSRI 10 (23.81) 9 (15.52) x2=1.09, p=0.30
SNRI 20 (47.62) 30 (57.69) x?=0.16, p=0.69
TCA 14 (33.33) 17 (29.31) x2=0.18, p=0.67
MAOI 4 (9.52) 4 (6.90) x?=0.23, p=0.63
Mirtazapine 11 (26.19) 21 (36.21) =112, p=0.29
Lithium 15 (35.71) 21 (36.21) x2 =0.003, p=0.96
Sodium Valproate 3 (7.14) 3 (5.17) x*=0.17, p=0.68
Antipsychotics 26 (61.90) 44 (75.86) x*=2.26, p=0.13
Benzodiazepines 22 (52.38) 35 (60.34) x>=0.63, p=0.43
Non-benzodiazepine hypnotics 21 (50) 43 (74.14) X2 =6.16, p=0.01
Pregabalin 2 (4.76) 3 (5.17) x*=0.009, p=0.93
Bupropion 0 (0) 3 (5.17) =224, p=0.14
Other 10 (23.81) 12 (20.69) x>=0.14, p=0.71
Baseline HAM-D, mean #s.p. 29.33+6.58 30.47 £ 6.06 t=-0.89, p=0.38
Post-ECT HAM-D, mean +s.p. 4.55+2.79 18.32+7.20 t=-13.07, p<0.001
Electrode placement, No. (%) x*=0.66, p=0.42
Unilateral 23 (54.76) 27 (46.55)
Bitemporal 19 (45.24) 31 (53.45)
Number of ECT sessions, mean +s.p. 6.88+2.32 8.84+2.25 =—4.25, p<0.001

BMI, body mass index; ECT, electroconvulsive therapy; HAM-D24, Hamilton depression rating scale, 24-item version; MAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake

inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant.

recent meta-analyses suggest that TL is significantly shorter in
patients with depression v. controls overall, though, while signifi-
cant, the effect sizes were small (r = —0.10 to —0.21) (Schutte and
Malouff, 2015; Lin et al, 2016b; Ridout et al, 2016). These
meta-analyses included studies utilizing different methodologies,
both clinical diagnosis and self-report of depression, varied sam-
ple populations (with some studies including patients with
chronic disease such as fibromyalgia and coronary artery disease),
and DNA from different sample types (peripheral blood
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mononuclear cells, leukocytes, saliva, brain). In contrast to our
results, Ridout et al. (2016) showed a larger effect size for patients
diagnosed clinically (r=-0.166) as opposed to by self-report
instruments (r = —0.039). However, in keeping with our findings,
the authors report no significant effect of the covariates age, sex,
and smoking, which had previously been reported to impact on
TL (Valdes et al., 2005; Gardner et al., 2014; Muezzinler et al.,
2014, 2015, 2016; Rode et al., 2014). The difference between
our results and those reported previously for clinically diagnosed
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depression might be accounted for by the fact that the
meta-analysis by Ridout et al. (2016) included 18 clinically diag-
nosed case-control studies that used a range of methodologies
(e.g. qPCR, Southern blot, qFISH) and different sample types
(e.g. leukocytes, brain tissue). Among the studies that used the
same method to clinically diagnose depression (i.e. SCID; n = 8)
as we used here, those using Southern blotting, which additionally
measures the subtelomeric region, were more likely to report dif-
ferences in TL between patients and controls. Only one study
using qRT-PCR to assess TL in samples from patients diagnosed
using the SCID, in which the authors used absolute as opposed to
relative quantification, reported a difference, with the remaining
two studies, which used a methodology similar to the one used
here, reported no difference in TL between patients and controls.
The other two meta-analyses (Lin et al., 2016b) showed that the
type of assay used in the TL analyses moderated the effect size,
with studies using Southern blot or fluorescent in situ hybridiza-
tion (FISH) assays reporting greater associations between TL and
depression than studies using PCR methods. Thus, methods other
than PCR may be more suitable for detecting TL differences in
case-control studies since the wide inter-laboratory differences
in PCR methodology may be leading to the varied results between
studies. An international collaborative study of TL assessment
indicated that there is a 20% inter-laboratory CV for PCR ana-
lyses, while this averaged about 10% for other methodologies
(Martin-Ruiz et al., 2015). Interestingly, the meta-analyses also
showed that the association between TL and depression was
stronger in cohorts with a lower mean age (Schutte and
Malouff, 2015). Notably our total cohort had a mean age of
~54 years; however, when we performed our analysis using only
the lower quartile of our sample set (mean age 37 years), we
also found no difference in TL between patients with depression
and controls (data not shown).

Reports regarding TL and the duration or severity of depres-
sive illness have also been mixed to date. While we found no asso-
ciation between TL and the severity or chronicity of depression, in
line with some previous reports (Wikgren et al., 2012; Rasgon
et al., 2016), others have reported a significant effect of lifetime
exposure to depression on TL (Wolkowitz et al, 2011;
Martinsson et al., 2013), which was stronger in men than in
women (Martinsson ef al., 2013). Importantly, another study sug-
gested that TL shortening may occur in response to depression
chronicity and is not involved in the pathophysiology of depres-
sion (Wolkowitz et al., 2011). TL attrition has also been linked
to early life adversity (Tyrka et al, 2010; Chen et al, 2014;
Tyrka et al., 2016; Vincent et al., 2017), with the type and timing
of exposure playing a significant role (Ridout et al., 2018). It has
been proposed that previous studies showing shorter TL in
depression may have used patient groups that were enriched for
individuals who had experienced adverse events during early
life, and that this may account for the differences reported across
studies (Vincent et al., 2017). We did not have data on early life
adversity available for this study.

Only four studies have so far reported on TL and treatment
outcomes for depression (Martinsson et al., 2013; Hough et al.,
2016; Rasgon et al., 2016), and ours is the first to examine the
relationship between TL and response to ECT. In a small pro-
spective study of 27 unmedicated patients with depression, pre-
treatment TL predicted clinical response to selective serotonin
reuptake inhibitors (SSRIs), with treatment non-responders hav-
ing significantly shorter TL at baseline compared to responders
(Hough et al., 2016). In a double-blind placebo-controlled study
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of add-on pioglitazone (a peroxisome proliferator-activated recep-
tors (PPAR-y) agonist) v. treatment-as-usual in 37 patients with
unremitted depression (Rasgon et al, 2016), TL was strongly
and significantly associated with mood improvement in the active
but not the placebo arm of the trial. In a retrospective study of TL
in bipolar disorder (n=256), shorter TL was associated with
poorer response to lithium treatment, with those responding
well to lithium shown to have longer TL, and the duration of
treatment with lithium correlated positively with TL
(Martinsson et al., 2013). This positive association between lith-
ium and TL was subsequently confirmed in a large-scale study
of patients with bipolar disorder (n=200) (Squassina et al,
2016). In contrast to these studies, we found that TL is not pre-
dictive of ECT treatment outcomes. Moreover, we did not find
a difference in TL between those patients taking lithium at the
time of inclusion in our study and those who were not (data
not shown). In contrast to a previous report (Hartmann et al.,
2010), patients treated with ECT prior to inclusion in our study
did not have shortened TL when compared to patients who had
never received treatment with ECT or v. controls. However, it
remains plausible that since most of our patients had experienced
prior depressive episodes and were taking pharmacotherapy for a
prolonged period in most cases, that the use of pharmacotherapy
over time may have assisted in TL maintenance. Thus, further
studies on the relationship between pharmacotherapy use and
TL are warranted.

Cognitive deficits are often reported in patients with depres-
sion (Gonda et al., 2015), and while antidepressant drugs appear
to be, for the most part, associated with positive effects on cogni-
tion (Prado et al, 2018), the use of ECT for depression is
often limited by its cognitive side-effects (Semkovska and
McLoughlin, 2010). Here we found that TL is not associated
with baseline cognitive function in patients with depression or
controls, and that TL is not predictive of selected cognitive side-
effects post-ECT. We previously showed that the type of ECT
administered is important for cognitive outcomes, with bitem-
poral ECT shown to have more of an impact than high-dose uni-
lateral ECT, in particular on time to recovery of orientation and
autobiographical memory (Semkovska et al, 2011; Kolshus
et al.,, 2017). The findings with regard to TL and cognition have
so far been mixed overall. Some studies have shown that, in
healthy individuals, TL is associated with cognitive performance
(Valdes et al., 2010; Cohen-Manheim et al., 2016). In contrast,
others found no association between TL and cognitive perform-
ance or age-related cognitive decline in two community cohorts
with narrow age ranges (Mather et al, 2010). Two studies of
healthy, non-demented individuals also showed that global cogni-
tion (MMSE) is not directly associated with TL (Harris et al.,
2006; Ma et al, 2013) and, in keeping with our results, one
study of patients with late-life depression showed no association
between global cognitive function (MMSE) and TL (Schaakxs
et al., 2015).

There are some limitations to our study. First, using qRT-PCR,
we assessed TL in whole blood, which contains a mixture of leu-
kocytes, as opposed to assessing TL in individual cell populations.
This is a common method used across the literature. Recent stud-
ies have shown that TL differs across blood cell types (Lin et al.,
2010; Lin et al., 2016a); however, we were unable to account for
blood cell distribution here. Thus, future studies should employ
cell sorting techniques or account for variations in cell distribu-
tion within blood samples. Moreover, inter-laboratory differences
in methodology (e.g. qRT-PCR v. Southern blot, relative v.
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absolute PCR) can lead to different results; thus, standardization
of the methodology for measuring TL is essential to provide
definitive conclusions, in particular regarding TL in depression.
Second, our TL measurements were cross-sectional, and so we
were unable to examine changes in TL over time. Third, DNA
and cognitive measurements were not available from all study
participants. For instance, MMSE scores were missing from 14%
of the depressed cohort, and this may have affected the results;
however, we noted no significant differences between those
patients included in the MMSE analyses and those for whom
MMSE data were missing with regard to TL, depression severity,
age, sex, BMI, smoking status, educational attainment, or elec-
trode placement. Additionally, early life adversity data were not
available for this cohort.

Overall, our results argue against the use of TL assessed by
PCR as a biomarker for depression, response to ECT, or selected
cognitive outcomes post-ECT.
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