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Abstract

Background

Shorter telomere length (TL) may signal premature cellular aging and increased risk for dis-
ease. While depression and psychosocial stress have been associated with shorter telo-
meres, other psychological risk factors for cardiovascular disease have received less
attention.

Purpose

To evaluate the association between TL and psychological risk factors (symptoms of anxi-
ety and depression, hostility and defensiveness traits) for heart disease, and to examine
whether chronological age and sex moderate the associations observed.

Methods

132 healthy men and women (M, = 45.34 years) completed the Marlowe-Crowne Social
Desirability Scale, the Beck Depression Inventory I, The Beck Anxiety Inventory and the
Cook-Medley Hostility Scale. Relative TL was measured by quantitative polymerase chain
reaction (PCR) of total genomic DNA samples. A series of hierarchical linear regressions
were performed controlling for pertinent covariates.

Results

Shorter TL was observed among individuals high in defensiveness (8 = -.221) and depres-
sive symptoms (3 =-.213), as well as in those with less hostility (8 =.256) and anxiety

(B =.220)(all Ps<.05). Psychological variables explained 19% of the variance over and
above that explained by covariates (age, sex, exercise, alcohol consumption, systemic
inflammation, and 24-hr mean arterial pressure). Age moderated the relation between TL
and defensiveness ( =.179, p =.03). Sex did not influence any of the relations.
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Conclusions

Telomere length is associated with psychological burden though the direction of effect dif-
fers depending on the psychological variables under study. Further research is needed to
determine the reasons for and implications of these seemingly contradictory findings.

Introduction

Psychological distress and personality traits, such as depression and hostility have been shown
to increase the risk of developing and dying from cardiovascular disease (CVD) or related dis-
orders [1-3]. The mechanisms underlying this increased risk remain for the most part specula-
tive. While individuals possessing these various psychological traits frequently exhibit poorer
health habits [4, 5], their association with CVD are typically independent of lifestyle factors [6-
8]. Psychological variables may impact cardiovascular health through their influence on multi-
ple bodily functions [9, 10].

Among the emerging biological risk factors for CVD is shortened telomere length (TL)[11,
12]. Telomeres are specialized DNA-protein repetitive sequences (TTAGGG) that cap eukary-
otic chromosome ends during mitotic cell proliferation in order to prevent end-to-end recom-
bination, deterioration, or fusion with neighbouring chromosomes, and as such, play an
integral role in preventing the loss of genetic data [13]. With advancing age (and multiple repli-
cation cycles), telomeres tend to shorten. Extensive shortening of telomeres may lead to cellular
damage or senescence and increased risk of disease [14]. Telomere length (TL) has thus been
suggested as a marker of cellular aging [15] with shorter TL being associated with unfavorable
age-related diseases such as an increased rates of CVD and cancer [16-19].

While not extensively studied, there is increasing evidence that psychological distress may
contribute to premature cellular aging, as measured by shortened TL [20-22]. Mood disorders,
and in particular depression, are among the most widely studied psychological risk factors with
respect to TL. Several studies have observed shorter TL among individuals with major depres-
sion (MDD) and/or recurrent depressive episodes [22-26] as well as in individuals with bipolar
disorder [27] in comparison with healthy individuals without diagnosed psychological disor-
ders. For example, Verhoeven and colleagues [28] reported significantly shorter TL among
remitted and current MDD patients compared to healthy controls. Severity and duration of
current depressive symptoms were similarly associated with shorter TL. However, several stud-
ies that have employed self-report questionnaires of depression have not observed such rela-
tions [29-32].

Fewer studies have examined TL as a function of anxiety, and obtained mixed results [20,
21,24, 25, 33]. For example, young women (but not men) diagnosed with general anxiety dis-
order (GAD) and panic disorder (PD) were shown to exhibit shorter TL than individuals with-
out anxious affect [24]. Similarly, in a large study of 42-69 year old women enrolled in the
Nurse’s Health study, high self-reported phobic anxiety was found to be associated with signifi-
cantly shorter TL after controlling for paternal age-at-birth, smoking, BMI and physical activity
[20]. On the other hand, no significant association was found between self-reported anxiety
symptoms (Beck Anxiety Inventory (BAI)) and TL among 91 individuals also suffering from
depression [25].

Only one study to date has investigated hostility and TL. In a healthy sample of middle-aged
and older adults (n = 543; 53-76 years of age), Brydon and colleagues [34] reported that high
cynical hostility was associated with shorter TL in men but not women.
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While investigations to date are interesting, they have typically been performed in clinical
samples. However, the evaluation of healthy individuals may provide insights into the patho-
physiological pathways contributing to disease states unconfounded by the reciprocal effects of
disease processes on psychological health. Moreover, while mood disorders and TL have been
the focus of multiple studies, personality traits have all but been ignored, despite their impor-
tance to CVD risk and prognosis. Starkweather and colleagues [35] have argued that it is
important to consider socio-demographic and psychosocial factors that may moderate, medi-
ate, or otherwise confound results in studies of TL attrition. Yet, the independence of associa-
tions of TL with one psychological risk factor from other psychological variables is unknown.
Finally, sex and age differences exist in TL, psychological risk factors and CVD risk and may
influence the associations observed among these variables. Aging is associated with shorter
telomeres [36] and differential prevalence rates of psychological distress [37]. Women typically
have longer TL than men [38], though this may vary according to chronological age [39, 40].
They also show a greater prevalence of depression [41] and anxiety [42]. Sex differences in cer-
tain personality traits have also been reported [43]. The influence of sex and/or age on the rela-
tion between psychological factors and TL has not been frequently examined. One study of 974
individuals with and without a diagnosis of anxiety disorder aged 30-87 found no significant
differences in TL among anxious participants versus controls in the overall sample, but did
show shorter TL compared to controls among older patients (> 48 years) in subgroup analyses.
The authors suggested that the stress related to having an anxiety disorder may need to cumu-
late over time for accelerated telomere shortening to occur [44]. As mentioned earlier, sex dif-
ferences in the relation between TL and hostility [34] and anxiety [24] have also been found,
albeit in opposite directions.

The objectives of this study are thus to evaluate the independent associations of psychologi-
cal risk factors (symptoms of anxiety and depression, and traits of hostility and defensiveness)
with TL in 132 healthy participants, and to examine whether these relations differ as a function
of sex and/or age. Defensiveness, measured most often using the Marlowe Crowne Social
Desirability Scale, refers to a personality trait characterized by the avoidance, denial or repres-
sion of information (e.g., negative affects, physical symptoms, poor performance) perceived as
threatening to the individual. Individuals with this trait are more prone to adopt socially desir-
able behaviors such as conforming to the opinion of others or lying about inappropriate behav-
iors and suboptimal performance in order to secure social bonds and/or to protect a vulnerable
self-esteem [45, 46]. It has been shown to increase risk for CVD morbidity [47, 48], mortality
[49] and hypertension [6, 50-52]. Based on existing literature, it is expected that TL will be
shorter in individuals with higher vs. lower levels of psychological distress independently of
conventional behavioural and biological risk factors. While differences are expected as a func-
tion of sex and/or age, the paucity and conflicting nature of data to date precludes firm hypoth-
eses about the direction of effects.

Methods

Current analyses are part of a larger prospective study examining associations of psychological
and psychophysiological factors with intermediary risk factors for CVD. For work published
from this study, see [53-60]. The results presented are based on data obtained from the follow-
up evaluation (time 2) of the prospective study.

Participants

Time 1. One hundred and ninety nine healthy adult men (n = 81) and women (n = 118)
were recruited from advertisements in community centers and newspapers within the greater
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Montreal area. Eligibility criteria included: (a) no utilization of mental health services within
the past year, (b) no current or known health problems or use of medication known to affect
cardiovascular, immune, or neuroendocrine functions, (c) no learning or cognitive disabilities
capable of impairing the ability to complete questionnaires or understand instructions and (d)
not currently on hormone replacement therapy. To guarantee a broad age distribution, partici-
pants were selected to provide approximately three equal age groups (18-34 years; 35-44 years;
45-65 years). Women were over-sampled to include a sufficient number of post-menopausal
women for a separate component of the study not examined here.

Time 2. Three years later (1031 + 107.5 days), 141 of the original 199 participants were
evaluated. Twenty participants from the original sample could not be reached. Six were not eli-
gible to participate for medical reasons including pregnancy (n = 3), cancer (n = 2), and sleep
apnea (n = 1), while 35 declined due to lack of interest (n = 16), scheduling issues (n = 15), or
perception that the protocol was too demanding (n = 4). Missing data for TL led to a final sam-
ple of 132 participants (54 men, 78 women; Mg, = 45 +11.6 yrs).

Procedure (Session 2). Participants were given an appointment at the Montreal Heart
Institute. To control for circadian rhythms in physiological activity, all visits began at 8:00 A.
M. on a weekday. Participants were asked to abstain from eating and drinking (other than
water) and refrain from any strenuous physical activity and smoking for 12h prior to their
appointment, as well as abstain from alcohol or other drug intake for 24h. Participants who did
not adhere to these instructions on the day of testing or who presented physical symptoms
(such as cough) on the day of testing were sent home and a new appointment was scheduled.

In the laboratory, participants were tested by a same-sex research assistant. Once written
informed consent was obtained, waist circumference, height and weight were measured. Elec-
trodes for electrocardiogram (ECG) monitoring were then attached in a bipolar configuration
to the lower side of the rib cage, and a ground electrode was placed on the left hip. A blood
pressure cuff was placed on the non-dominant arm. Questionnaires were administrated to
obtain information on sociodemographic, medical, and psychological profile. A 10-min base-
line period ensued, during which subjects rested quietly, followed by a blood draw. Participants
were then exposed to a laboratory stress protocol that included four 5 minute interpersonal
stressors, each followed by 5-minute post-stress (recovery) periods (for details of the stress pro-
tocol see [55]). Following the laboratory visit, ambulatory BP and ECG were obtained during a
24-h period. Participants received 250$ at time 2 covering expenses for time and travel. The
Research and Ethics Board of the Montreal Heart Institute approved this study.

Questionnaires

Socio-demographic variables. Data on sex, age, body mass index (BMI), marital status,
annual income and years of schooling was obtained at the beginning of experimentation.

Health information. The questionnaires assessed behavioural risk factors relating to
tobacco caffeine and alcohol consumption as well as physical activity.

Measurement of psychological variables. Beck Anxiety Inventory (BAIL [61]): a 21-item
self-report questionnaire that instructs participants to rate symptoms of anxiety experienced
over the past two weeks using a 4-point scale ranging from “Not at all’, to “Severely”. Scores
greater than or equal to 8 indicate mild to severe anxiety. The measure has excellent internal
consistency (o = 0.92) and one week test-retest reliability (r = 0.75) [61]. In the current sample,
internal consistency was o =.88; and 3-year test-retest reliability was 0.72.

Beck Depression Inventory-II (BDI-IL; [62]): a 21-item self-report questionnaire that
instructs participants to rate symptoms of depression experienced over the past two weeks,
using a 4-point scale ranging from “Not at all” to “Severely”. Scores greater than 13 indicate
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mild to severe symptoms of depression. The measure has excellent internal consistency (o =
0.91) and a one-week test-retest reliability (r = 0.93) [63]. In the current sample, internal con-
sistency was o =.89, and 3-year test-retest reliability was 0.73

The Cook-Medley Hostility Inventory (CMHo; [64]): a 50-item empirically derived self-
report scale that measures a cynical, mistrustful attitude towards others. It is answered using a
true—false format. The internal consistency of this instrument (o = 0.82-0.86) [65], and test-
retest reliability (rs>0.85) [66] are excellent. In the current sample it had an internal consis-
tency of o = 0.83 and 3-year test-retest reliability was 0.84.

The Marlowe-Crowne Social Desirability scale (MCSD; [67]): is a 33 true or false item scale
that assesses the tendency to respond in a culturally sanctioned and desirable manner. The
items present behaviors that are desirable but infrequent (e.g., “I am always courteous, even to
people who are disagreeable”) and behaviors that are undesirable but frequent (e.g., “I like to
gossip at times”). The MCSD has been found to have excellent internal consistency (0.88) and
one month test-retest reliability (0.86) [68]. In the current sample, internal consistency was
o = 0.75, and 3-year test-retest reliability was 0.85.

Physiological variables. Telomere length. DNA was extracted from peripheral blood leu-
kocytes using standard methods, and TL measured as described by Cawthon [69] with minor
modifications [70]. Briefly, using two primer pairs that target telomeric hexamer repeats and a
single copy gene (36B4, which encodes acidic ribosomal phosphoprotein PO), the telomere
repeat copy number (T) to single copy gene copy number (S) ratio was calculated for each
DNA sample. The T/S ratio of each experimental DNA sample was obtained relative to a refer-
ence DNA sample (obtained from a single individual and used for standard curve generation)
whose T/S ratio is 1. For each sample DNA, T and S Sybr® Green PCR reactions were run on
an ABI SDS 7000 real-time PCR apparatus (Applied Biosystems, CA, USA). Each 25uL PCR
reaction contained the following: 25ng DNA, 12.5uL of Sybr® Green PCR master mix (ABI),
and 450nM of each primer for Treactions(Tel1b:CGGTTTGT TTGGGTTTGGGTTTGGGTTT
GGGTTTGGGTT; Tel2b: GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT) or
300nM of forward primer 36B4u (CAGCAAGTGGGAAGGTGTAATCC) and 500nM of reverse
primer 36B4d (CCCATTCTATCATCAACGGGTACAR) for S amplifications. Serial dilutions
(6.48 to 83.3ng/uL) of the reference DNA were used to generate standard curves to calculate
the amount of both T and S for each sample DNA. The relative T/S ratio of each sample was
obtained by dividing the amount of T by the amount of S. All samples were measured in tripli-
cate, and their mean was used for analyses.

Various other physiological variables were examined as potential confounders in primary or
post-hoc analyses.

Inflammatory markers. C-reactive protein (CRP) was measured from serum using the Sie-
mens (formerly Dade Behring) CardioPhase hsCRP assay (Siemens Healthcare Diagnostics
Products GmbH, Marburd, Germany) on the BN ProSpec Nephelometer (Siemens Healthcare
Diagnostics Products GmbH). The minimal detectable hsCRP concentration was 0.18 mg/L.

Metabolic Syndrome (MS). Participants with metabolic syndrome (MS) were identified
according to the National Cholesterol Education Program-Third Adult Treatment Panel
(NCEP-ATP-III, 2002) criteria for BP, waist circumference, glucose, triglyceride, and high den-
sity lipoprotein levels (HDL). Serum samples were analyzed for lipids and glucose at the MHI.
These determinations were made using respective reagent Flex on the multianalyzer Dimen-
sion RxL Max (Dade Behring Diagnostics, Marburg, Germany) with heparinized plasma, as
simultaneously as possible following blood draw. Waist circumference was obtained using a
standard measuring tape. Ambulatory BP measures were obtained every 20 min in the daytime
and every hour from 22h00 to 6h00, using Spacelab Ambulatory Blood Pressure Units. The BP
measures were based on values averaged over 24 h.
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Stress reactivity measures. Systolic (SDP) and diastolic blood pressure (DBP) were measured
in the laboratory using the AccutorPlus automated blood pressure monitor from Datascope
(Datascope Inc., Montvale, NJ) using a standard inflatable cuff placed on the participant’s non-
dominant arm. The laboratory-based baseline BP was based on the average of two readings
obtained during the last 5 min of a 10-min rest period prior to preparations for venipuncture.
BP, heart rate (HR) and heart-rate variability (HRV); high frequency heart rate variability
(HF-HRV), normalized high frequency (HFnu), low frequency (LF-HRV), and ratio (LF/HF))
readings were averaged over each baseline, stress, and post-stress period. The four stress peri-
ods were averaged to create a composite stress and post-stress score, as per our prior research
(see for more details see [55, 59]. Stress reactivity (stress—baseline) and recovery (post-stress
score—baseline) change scores were then created as per established methods [71]. Finally, in
order to minimize the impact of individual differences in baseline values on the change scores,
the latter were further regressed on baseline values.

Salivary cortisol was obtained throughout the protocol using Salivettes (Sarstedt, Montreal,
Canada) containing a piece of absorbent gauze. Participants chewed on the swab for 45 seconds
until it was saturated with saliva. Samples were transferred to a -20°C freezer and analyzed off-
site using an enzyme immunoassay kit (Assay Designs, Inc., Ann Arbor, MI) in duplicates (see
Juster et al., 2013, [57] for more detail).

Analyses

In order to increase normality, scores for BDI-II, BAI, and CRP underwent log transformations.
Pearson correlations were used to examine the relations between TL and potential covariates
(for example, smoking, exercise, alcohol consumption, marital status, annual income, CRP,
BMI, mean arterial BP (MAP)) as determined from previous literature. Regular physical activity,
for example, has been associated with significant health benefits [72] including longer TL [73].
Alcohol consumption, for its part, has been shown to correlate negatively with TL [74, 75].
Since telomeres are believed to be highly sensitive to damage by oxidative stress [76] and CRP
increases generation of oxygen free radicals by neutrophils [77] it is biologically plausible that
CRP could damage telomeric DNA and contribute to the shortening of TL. Indeed, CRP levels
have been shown to be negatively correlated with TL [78, 79]. High blood pressure is a well-
known risk factor for heart disease, and is associated with hostility [80], defensiveness [81], anx-
iety [82], depression [83] and shortened TL [84]. Given the limited sample size, only variables
correlating with TL at p<.200 were retained as covariates. These included exercise, number of
alcoholic beverages/week, CRP, and 24-hour MAP.

Pearson correlations were used to examine univariate relations between TL and each psy-
chological variable.

The multivariate associations of TL with the psychological factors were examined using
hierarchical linear regressions. In Block 1, age, sex, and the selected covariates were entered.
Psychological variables were entered simultaneously in Block 2 to examine their independent
associations with TL.

To examine whether age and/or sex moderated the relations between psychological vari-
ables and TL, four separate hierarchical regressions were performed. Sex, age and other covari-
ates were entered in Block 1, while the psychological variable was entered individually in Block
2. The 2-way interaction terms of sex or age with the psychological variable were entered step-
wise in Block 3. Interaction terms were created from centered data. Statistical significance was
at p<0.05. When there were significant interaction effects, simple slopes analyses were per-
formed with lower and higher estimates for age and psychological profile based on values +1
SD from the mean [85].
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Results
Sample characteristics

Table 1 presents mean values for the demographic and behavioural sample characteristics

Correlations among the psychological variables. Hostility, defensiveness, and symptoms
of depression and anxiety were all significantly correlated with each other. See Table 2.

Univariate associations between TL and psychological variables. Greater defensiveness
but lower hostility and anxiety were associated with shorter TL. No significant associations
were found between depressive symptoms and TL. See Table 3.

Multivariate and independent associations of psychological variables with TL. Greater
defensiveness and depressive symptoms were associated with significantly shorter TL, while
greater hostility and anxiety symptoms were associated with longer TL. The psychological vari-
ables combined explained 19% of the variance over and above that explained by the covariates,
and their associations with TL were independent of each other and the other covariates. While
the psychological variables were significantly correlated with each other, no significant multi-
collinearity was found in the analysis (VIF: 1.264-1.908; Tolerance: 0.524-0.791). See Table 4
for the detailed results of the hierarchical linear regression model.

Moderating effects of sex and age on the relation between TL and each psychological var-
iable. Table 5 presents the detailed results of the four hierarchical regressions.

Table 1. Characteristics of participants.

Participants (n=132)
Age (years = SD) 45.34 (11.16)
Glasses of alcohol/week (+SD) 3.84 (5.38)
Smoker n (%) 19 (14%)
Marital Status n (%)

Single 55 (42%)
Married/living with someone 56 (42%)
Separated/divorced/widowed 21 (16%)
Annual family income n (%)

< $29,999 41 (31%)
$30 000-59 999 45 (34%)
> $60 000 46 (35%)
Physiological measures

Metabolic Syndrome *n (%) 16 (12%)
Body Mass Index (kg/m? £SD) 25.35 (5.00)
Mean arterial pressure 24 hours (mmHg + SD) 85 (7.22)
CRP (mg/L £SD) 1.76 (2.66)
TL (T/S ratio +SD) 1.72(0.33)
Psychological measures

Cook Medley Hostility Scale (+ SD) 17.14 (7.47)
Marlowe-Crowne Social Desirability (+ SD) 18.67 (5.38)
Beck Depression Inventory-1l (+ SD) 7.64 (8.21)
Beck Anxiety Inventory (+ SD) 5.50 (6.21)

CRP = C-reactive protein, TL = telomere length.
*Metabolic syndrome: met at least 3 criteria: elevations in BP, waist circumference, glucose and triglyceride
levels, and/or a reduction of high density lipoprotein levels (HDL)

doi:10.1371/journal.pone.0165482.t001
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Table 2. Correlations among the psychological variables of interest.

Psychological variables CMHo MCSD BAI
CMHo -

MCSD -0.400** -

BAI 0.285%* -0.269** -
BDI-II 0.308** -0.274%* 0.706**
*#p<0.01;

CMHo:Cook-Medley Hostility Inventory; MCSD: Marlowe-Crowne Social Desirability Scale; BAI: Beck
Anxiety Inventory; BDI-II: Beck Depression Inventory ||

doi:10.1371/journal.pone.0165482.t002

Table 3. Univariate Pearson correlations between TL and psychological variables.

Psychological Variables Telomere Length

MCSD -0.330%**
CMHo 0.323**
BAI 0.194*
BDI-II 0.034
*p<0.05,

**p<0.01;

CMHo: Cook-Medley Hostility Inventory; MCSD: Marlowe-Crowne Social Desirability Scale; BAIl: Beck
Anxiety Inventory; BDI-II: Beck Depression Inventory-I|

doi:10.1371/journal.pone.0165482.t003

Hostility and Anxiety: The main effects of Hostility and Anxiety were significant, with
both associated with significantly longer TL. Sex and/or age did not moderate these relations.

Defensiveness trait: The main effect of defensiveness was significant, with greater Defen-
siveness associated with shorter TL. The Age by Defensiveness interaction was also significant.
Simple slope analyses indicated that greater defensiveness was associated with significantly

Table 4. Concurrent associations of psychological variables with TL.

Block 1 B t p Semi-partial r
Age -0.173 -1.945 0.054 -0.164
Exercise or Not 0.148 1.618 0.108 0.137
CRP -0.103 -1.132 0.260 -0.096
MAP -0.076 -0.855 0.394 -0.072
#Alcoholic Beverages -0.108 -1.205 0.230 -0.102

F = (5,126) = 2.777, p = 0.020; R? = 0.099; R?,; = 0.064

Block 2 B t p Semi-partial r
CMHo 0.256 2.982 0.003 0.227
MCSD -0.221 -2.525 0.013 -0.193
BAI 0.220 2.102 0.038 0.160
BDI-II -0.213 -2.025 0.045 -0.154

F = (4,122) = 8.221, p<0.001R? = 0.290; R%,; = 0.20; R%,44 = 0.19

CRP: C-reactive protein; MAP: mean arterial pressure; CMHo: Cook-Medley Hostility Inventory; MCSD: Marlowe-Crowne Social Desirability Scale; BAI:
Beck Anxiety Inventory; BDI-II: Beck Depression Inventory-II

doi:10.1371/journal.pone.0165482.t004
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Table 5. Detailed summary of concurrent associations between individual psychological factors and TL.

Block 1

Age

Sex

Exercise

CRP

MAP

#Alcoholic beverages

B t p Semi-partial r
-0.181 -2.005 0.047 -0.170
0.052 0.590 0.556 0.050
0.150 -1.634 0.105 0.139
-0.109 -1.183 0.239 -0.100
-0.069 -0.768 0.444 -0.065
-0.098 -1.078 0.283 -0.091

F model(6,125) = 2.361, p<0.05; R®model = 0.102, R®,4; = 0.059

Hostility
Block 2
CMHo

B t p Semi-partial r
0.362 4.500 <0.001 0.355

Frmodei(1,124) = 20.249, p<0.001; R% 0401 = 0.228, R®,q; = 0.184

Social Desirability

Block 2 B t p Semi-partial r
MCSD -0.323 -3.993 <0.001 -0.320
Frmodei(1,124) = 15.943, p<0.001; R%00e1 = 0.208, R%,q; = 0.159

Block 3 B t p Semi-partial r
Age*MCSD 0.179 2.198 0.030 0.173

Frodei(1,123) = 4.832, p = 0.030; R%noder = 0.234, R%,4; = 0.184

Symptoms of Depression

Block 2
BDI-llog

B t p Semi-partial r
0.070 0.800 0.425 0.139

F model(1, 124) = 0.640, p = 0.425; R? ;10401 = 0.106, R®,4; = 0.056

Symptoms of anxiety
Block 2
BAlog

B t p Semi-partial r
0.223 2.623 0.010 0.217

F moder (1,124) = 6.878, p=0.010; R%oqe1 = 0.149, R%,q; = 0.101

CRP: C-reactive protein; MAP: Mean Arterial Pressure

doi:10.1371/journal.pone.0165482.t1005

shorter TL among young (b =-0.032, p = 0.001) and mid-aged individuals (b =-0.021,
p<0.001) but not among older individuals (b =-0.001, p = 0.173) (Fig 1).

Depression symptoms: The main effect of depression was not significant. Sex and/or age
did not moderate this relation.

Post-hoc analyses

We examined whether the associations of distress variables with TL may reflect differential
physiological responses to psychological stress. While TL tended to correlate with LF/HF-HRV
(r=-0.163, p = 0.065) and SBP (r = -0.124, p = 0.072) reactivity, as well as with salivary cortisol
(r =-0.160, p = 0.072), controlling for stress reactivity did not alter the results.

Findings for hostility and anxiety were unexpected. To increase our confidence in these
results, we examined whether changes in these measures over the three-year period from Time
1 to Time 2 were similarly associated with TL at the follow-up assessment. Hierarchical regres-
sions were performed separately for each psychological variable. Block 1 contained the covari-
ates as per the main analyses, in addition to the Time 1 value for the psychological variable.
The change score for the psychological variable (Time 2 —~Time 1) was entered in Block 2. An
increase in defensiveness over the 3 year period was associated with significantly shorter TL at
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Fig 1. The relation between defensiveness and TL is moderated by age. The Age by Defensiveness
interaction was significant. Greater defensiveness was associated with significantly shorter TL among young (b
=-0.032, p =0.001) and mid-aged individuals (b = -0.021, p<0.001) but not among older individuals (b =-0.001,
p = 0.173), though the direction of effect was similar.

doi:10.1371/journal.pone.0165482.g001

Time 2 (B =-0.238, p = 0.009), whereas an increase in hostility over the same period was associ-
ated with longer TL (B = 0.234, p = 0.007). Changes in anxiety and depressive symptoms were
not related to TL.

Discussion

The aim of the present research was to examine the concurrent relations between psychological
burden and TL, and to verify whether these associations were moderated by sex and/or age.
The hypothesis that psychological distress variables would be associated with shorter telomere
length was partly corroborated. More specifically, greater defensiveness was associated with
shorter TL. On the other hand, greater hostility and anxiety were associated with longer, not
shorter, telomeres. Depression showed inconsistent associations across the various analyses.
Age moderated the associations of TL with defensiveness.

While some studies have found self-reported symptoms of depression to predict shorter
telomere length [29, 86], results have been less consistent than with diagnosed mood disorders
(see recent meta-analysis [87]). A novel finding in this study is that comorbid psychological
states may influence the association of depression with TL. Indeed, in the current study,
depressive symptoms predicted significantly shorter TL only when adjusting further for
comorbid elevations in other psychological factors, particularly anxiety. This result did not
appear to be a result of collinearity. It has been suggested that self-report questionnaires of
depression may reflect acute emotional states that may have less bearing on biological pro-
cesses involving TL in comparison to clinically diagnosed depressive disorders [25]. In the cur-
rent sample, however, depressive symptoms appeared rather stable over the three-year period.
Nonetheless, in individuals with other comorbid psychological difficulties, the impact of
depressive symptoms may have been further augmented.
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This is the first investigation to show that greater defensiveness is associated with shorter
TL, particularly among younger individuals. Why this was not significant among our older par-
ticipants is not clear, but may reflect certain resilience to the effects of defensiveness among
this group, who were indeed rather healthy for their age. Alternatively, as individuals age, they
become somewhat less dependent on or susceptible to the influence of social pressure for their
wellbeing [88], which may reduce the impact of defensiveness on TL among older adults.
Nonetheless, associations of defensiveness with higher arterial blood pressure, metabolic bur-
den [54, 89] and now shorter TL, provide indications as to some of the mechanisms by which it
may contribute to CVD development or prognosis.

Particularly surprising were our results relating to hostility and anxiety symptoms. The
association of hostility with TL had only been examined once in the Whitehall IT Cohort. It was
found that among healthy older men, but not women, higher scores on the cynical subscale of
the Cook-Medley Hostility Inventory were associated with significantly shorter TL [34, 90]. In
contrast, we observed longer not shorter TL among more hostile men and women (whether
using the full or abbreviated versions of the CMHo). Differential results may reflect the more
heterogeneous nature of our sample compared to that of the Whitehall-II investigation. The
latter was performed in white collar workers whereas our group had varied occupations. In
terms of age, participants of the current study were generally younger and spanned a greater
age range (Mean = 45 + 11.6; Range 22-66 years versus Mean = 63 + 5.6; Range 54-76 years).
This reduced variability in their sample likely explains why they showed no association
between TL and age as opposed to our study which showed the expected negative association
(r=-0.187, p = 0.016). Alternatively, cultural differences in the meaning, expression, or under-
standing of hostility between our mostly Francophone sample and that of the English White-
hall cohort IT may have contributed to contradictory results. However, several factors argue
against this hypothesis. First, the Cook-Medley Hostility Scale shows similar psychometric
properties in both samples. Moreover, we have previously shown the expected positive associa-
tions between hostility, metabolic abnormalities, and inflammatory activity [58, 91] in this
same sample. Finally, the Francophone community within the greater Montreal region is rather
heterogeneous and exposed to Anglophone media and culture. In sum, we have no reason to
believe, at this time, that hostility means something different to our sample than it does to
Americans or British individuals, nor that the hostility trait measure used was in any way inad-
equate for our population (see S1 Table for a comparison of psychometric properties of hostil-
ity questionnaires sampled from studies performed in different countries [34, 92-97]).

More anxious participants also showed longer TL in the current study. Boks and colleagues
[98] similarly reported longer TL in military men with more self-reported PTSD symptoms six
months after deployment in Afghanistan. In contrast, others have found null [24, 44] or nega-
tive associations between anxiety and TL among community samples or patients with anxiety
disorders [99].

Given these unexpected results with anxiety and hostility, additional analyses were per-
formed. To limit the possibility that the results reflected measurement error, TL was assayed a
second time, in triplicate, with the same results. Post-hoc analyses were performed to examine
whether increases in hostility and anxiety over a three year period were similarly associated
with longer TL at follow-up, and at least for hostility, this was indeed the case, adding further
credence to the results. As individual differences in leukocyte TL appear to be rather stable
over time [100], it is possible that the more hostile or anxious participants in the current sam-
ple were, for some unknown reason, born with longer TL. This may have contributed to artifi-
cially elevated TL at our measurement point despite potentially greater telomeric loss over
time. Alternatively, individuals with initially short leukocyte telomeres tend to show a slower
rate of telomere shortening over time compared to those with longer telomeres [101, 102].

PLOS ONE | DOI:10.1371/journal.pone.0165482 October 27, 2016 11/19



@° PLOS | ONE

Telomere Length and Psychological Vulnerability

Telomerase protein activation and end-to-end recombination activities may contribute to telo-
mere lengthening or maintenance in such cases [103]. While speculative at this stage, it is pos-
sible that compensatory increases in telomerase may have contributed to longer TL in more
hostile or anxious individuals. This is consistent with findings by Epel and colleagues [104]
who observed an increase in leukocyte telomerase activity following exposure to the Trier
Social Stress task in postmenopausal women. Greater susceptibility and reactivity to stress
among more anxious or hostile individuals [105, 106] may thus lead to over-expression of telo-
merase, with consequent elongation or at least greater preservation of TL in these individuals.
As telomerase activity was not measured in this sample and TL was obtained only at one time
point, we cannot verify these hypotheses.

It is difficult to reconcile why such compensatory mechanisms would be more greatly acti-
vated among hostile/anxious individuals, and not among those more depressed or showing
greater defensiveness. This is all the more true given the high comorbidity among these various
psychological factors. Behavioural and physiological differences may have contributed to dif-
ferential profiles in TL. While our post-hoc analyses suggest that stress responses were not
responsible for our findings, at least as measured concurrently, we have shown greater variabil-
ity in interpersonal behaviours among more anxious versus depressed participants in this same
sample [60]. While perhaps less predictable compared to depressed individuals, anxious indi-
viduals may be more adaptable in various life situations. This may translate into less adverse
effects, at least on some biological processes in more anxious versus more depressed individu-
als. This is coherent with findings of more consistent associations of depression with CVD risk
compared to anxiety [107, 108].

Alternatively, while longer TL is typically considered to be healthier, there is data to suggest
that longer TL may in some cases be more pathogenic. Longer TL has been reported in individ-
uals with left ventricular hypertrophy compared with control subjects [109, 110]. Longer TL in
peripheral blood leukocytes has also been associated with a significantly increased risk of endo-
metrial cancer [111]. Moreover, individuals with longer TL at diagnosis of either Parkinson's
disease or Progressive Supranuclear Palsy respectively had an increased risk of developing
dementia three years later [112]. Genetic factors may play a role in the relations observed.
Indeed, greater hostility, anxiety, and TL in these individuals may reflect common genetic vari-
ance. For example, the s allele of the serotonin transporter (5-HTTLPR) gene has been associ-
ated with traits including anxiety and hostility in psychiatrically healthy populations [113, 114]
and in a recent investigation, with TL [115].

Several limitations temper the conclusions that can be drawn from the current study. The
sample size was relatively small, and moderator analyses may actually have over-fit the data.
Analyses were cross-sectional, as such, it is impossible to infer causality or direction of effect.
The healthy status of the sample, particularly in the older participants, may have limited the
power to detect significant differences in TL or alternatively have led to the inclusion of highly
resilient individuals not representative of the general population for this age group. On the
other hand, the inclusion of relatively healthy individuals allows the evaluation of relations
between variables of interest that are unconfounded by the effects of disease processes on these
same variables. Moreover, the sample consisted of mostly French speaking Caucasians which
may limit the generalizability of our study to other ethnicities [116, 117].

Conversely, results were particularly robust showing independent associations of the anxiety
and personality traits with TL in both univariate and multivariate analyses that controlled for
important socio-demographic, lifestyle, and physiological risk factors. To our knowledge, this is
the first study to date that has shown the independence of associations from other psychological
risk factors in a non-psychiatric population. Formal examination of whether age and/or sex
moderated the relationships between psychological variables and TL were an added strength.
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In conclusion, this study contributes to a growing body of evidence suggesting that person-
ality traits and psychological symptoms influence TL. The mechanisms through which these
psychological factors impact on TL remain to be elucidated. As observed in the current cross-
sectional analyses, individual differences in concurrent health behaviours, cardiovascular or
inflammatory processes, and acute stress responses do not appear be the main pathways of
action. Further research is required to understand the underlying mechanisms involved in
the relation between telomere length and psychological factors, as well as their prognostic
significance.
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