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Abstract

Background: Shorter telomere length (TL) may indicate premature cellular aging and increased risk for disease.
While there is substantial evidence for shorter TL in individuals suffering from psychiatric disorders, data is scarce on
maladaptive personality traits related to coronary artery disease (CAD). The purpose of this study was to evaluate
the association of TL with hostility and defensiveness in individuals with CAD or other non-cardiovascular illnesses
and whether associations were moderated by CAD status and sex.

Methods: One thousand thirty-six individuals (Mage = 65.40 ± 6.73 years) with and without CAD completed the
Marlowe-Crowne Social Desirability Scale and the Cook–Medley Hostility Scale. Relative TL was measured via
quantitative polymerase chain reaction of total genomic DNA samples. Analyses involved hierarchical regressions on
TL, performed separately for hostility and defensiveness, controlling for pertinent sociodemographic, behavioural,
and medical risk factors. Separate analyses were performed on 25 healthy participants.

Results: A hostility by sex interaction emerged (β = − .08, p = .006) in the patient groups, where greater hostility
was associated with shorter TL in women only (p < .01). A Defensiveness by CAD status interaction (β = − .06, p =
.049) revealed longer TL in more defensive CAD patients only (p = .06). In healthy men, shorter TL was observed in
those with greater defensiveness (β = .52, p = .006) but lower hostility (β = − .43, p = .049).

Conclusion: Hostility and defensiveness are differentially associated with TL as a function of sex and health status.
The implication of these results for health remains to be determined, but propose an additional pathway through
which the effect of maladaptive personality traits may contribute to CV and other disease.
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Introduction
Hostility is a stable personality trait accompanied by
frequent feelings of anger, aggressive behaviour, and/or
the tendency to devalue or to be cynical of others [1]. It
has been established as a robust risk factor for the devel-
opment of coronary artery disease (CAD) and premature
mortality [2, 3] as well as with all-cause mortality [4].
Defensiveness, a personality trait characterized by the
tendency to present oneself in a favourable manner [5],
has similarly been associated with an increased risk for
CAD and mortality [6, 7]. In defensiveness, individuals
deny, avoid, or repress personal information (e.g., physical
symptoms, traits, behaviours, negative affect) perceived as
non-desirable in order to protect one’s vulnerable self-
esteem and/or to maintain socials bonds [8, 9].
The biological mechanisms responsible for the ill

effects of hostility and defensiveness remain to this day
poorly understood. It is hypothesized, however, to at
least partly reflect the sustained or cumulative impact of
alterations in various intermediary risk factors for CAD
(e.g., physiological reactivity to stress, inflammation,
blood pressure, and other metabolic parameters) ob-
served in more hostile or defensive individuals [10–16].
Telomere regulation may also be impacted. Telomeres
are specialized DNA-protein-repetitive sequences that
cap eukaryotic chromosome ends during cellular
division in order to prevent end-to-end recombination,
deterioration, or fusion with neighbouring chromosomes
and as such, play an integral role in preventing the loss
of genetic data [17]. Telomere length (TL) shortens with
every cell division, reflecting the cellular aging of organ-
isms. Shortening depends on several factors, such as the
rate of cellular division and levels of telomerase, a ribo-
nucleoprotein reverse transcriptase enzyme that adds
telomeric DNA [18].
CAD patients have significantly shorter leukocyte TL

than their age-matched non-CVD counterparts [19].
While conflicting data exist, shorter TL has been associated
with increased incidence for CAD events, CAD progression,
and increased mortality from CAD [20–22]. Individuals at
risk for CAD by virtue of metabolic dysregulations [23],
hypertension [24], diabetes [25], and smoking [26] have also
been shown to possess shorter TL. As such, TL may be a
potential biomarker for CVD risk and prognosis [20].
While significantly shorter TL have been found in

stressed (r = − 0.06) [27] or depressed (r = − 0.21) [28]
individuals in comparison with psychologically healthier
individuals, research examining stable personality traits
has been scarce [29–32] and has led to conflicting re-
sults. For example, in a moderate-sized cross-sectional
study of older women and men without CVD, Brydon
and colleagues [29] found that men (but not women)
with greater cynical hostility had shorter TL compared
to those less hostile (β = − 0.25, p = 0.001), independently

of age, grade of employment, body mass index (BMI), and
waist circumference. In a sample of predominantly male
U.S. military veterans suffering from various chronic med-
ical conditions, those with shorter TL (based on relative
TL < 1), reported greater levels of hostility compared to
those with longer TL [31]. In contrast, we recently
reported that greater hostility (and increases in hostility
over a 3-year period) was associated with longer (not
shorter) TL in healthy men and women [30]. At this time,
it remains unclear whether hostility is reliably associated
with TL. Only one study examined whether TL differs as
a function of defensiveness and found greater defensive-
ness was associated with shorter TL in healthy men and
women [30].
While data regarding potential sex differences in the

relations between hostility, defensiveness, and TL is
scarce and mixed, men consistently show shorter TL
[33, 34] and are more likely to harbour and express
hostile attitudes and behaviour compared to women
[35]. They may also be at greater risk for cardiovascular
events from hostility compared to women [3]. On the
other hand, differential biological mechanisms and
socialization of women versus men may contribute to
greater concern for interpersonal relationships [36, 37]
and propensity to present a favourable impression in
women versus men [38] and hence to differential rela-
tions between defensiveness and TL in men versus
women. In support of this, we have previously reported
that in healthy individuals aged 20–64 years, higher
levels of defensiveness were associated with greater
cardiovascular stress reactivity [12] and a worse meta-
bolic profile [13] in women but not men.
In addition, while differences in TL have been observed

as a function of CAD status, it remains to be explored
whether the relation between personality and TL also
differs as a function of the health status of individuals.
The current study sought to confirm whether TL were

associated with hostility and defensiveness in a large
sample of older men and women with CAD, other
non-CVD illness, or a healthy profile and whether
these relations were influenced by sex and health
status.
It was hypothesized that hostility and defensiveness

would be associated with TL. However, given the limited
and mixed findings for hostility and absence of studies
among patient populations, no hypotheses were elabo-
rated regarding the direction or magnitude of the relations
nor any influence of sex or health status on the results.

Methods
Description of cohort and sample selection
This study is part of an ongoing prospective research
project (BEL-AGE) on psychological burden and prema-
ture aging. It was approved by the ethics committee of
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the Montreal Heart Institute. Recruitment for this study
began in September 2012 and finished in May 2017.
At the time of preparing this manuscript, data were

available for 1121 men (n = 719) and women (n = 402),
34–76 years of age (Mage = 65.1 ± 7.07). Participants
were recruited from the André and France Desmarais
Hospital Cohort of the Montreal Heart Institute. Any
person working at or attending the hospital for any rea-
son were eligible for the Montreal Heart Institute (MHI)
Cohort [39].
Eligibility criteria for BEL-AGE were determined as

follows: at entry in the MHI Cohort, (a) aged between
30 and 70 years (for reasons of feasibility of recruitment
and follow-up), (b) living in the greater Montreal area,
(c) speaks French or English, (d) no previous or current
diagnosis of major cognitive impairment or serious psy-
chological disorders (e.g. bipolar disorder, schizophrenia,
delirium, or dementia as reported by the patient and/or
medical files) that would prevent understanding or
participating in all aspects of the study, (e) no previous
or current diagnosis of other major life-threatening dis-
eases (e.g., Creutzfeldt-Jakob disease, amyotrophic lateral
sclerosis, AIDS, cancer), (f) not currently pregnant or
breast feeding, and (g) no family member (including
spouse) already participating or scheduled to participate
in the study. Skin cancer (n = 60) was not excluded
given its high prevalence and benign course when diag-
nosed early. Presence of CAD was defined by the experi-
ence of a previous myocardial infarction, coronary artery
bypass, coronary angioplasty, or stenosis more than 50%
on an angiography. Non-CVD status was defined by the
absence of CAD, angina, arrhythmia, congenital heart
disease, heart failure, cardiomyopathy, and stroke. To
ensure they met these criteria, individuals were inter-
viewed by phone before being invited to participate and
a medical chart review was performed to ascertain group
(CAD vs. non-CVD) membership. The types of conditions
experienced by the non-CVD illness group were diverse
(e.g., arthritis, diabetes, hypertension, gastrointestinal dis-
eases, hypercholesterolemia, and asthma). While we had
initially sought to recruit a larger sample of older individ-
uals with no significant health issue, we were unable to
secure a significant number of healthy participants within
the population from which we recruited despite extended
recruitment. Only 25 individuals suffered from no notable
medical condition (very healthy group).
Data for the article were obtained during the BEL-AGE

evaluation performed 4.88 (± 0.76) years after participants’
entry into the MHI cohort.

Procedure
Participants were scheduled for an interview between 8:
00 and 10:00 in the morning on a weekday to control for
circadian rhythm. They were asked to abstain from

drinking (with the exception of water), smoking, and
exercise for 12 h before their scheduled appointment.
They were also asked to refrain from the use of drugs or
alcohol for the 24 h preceding their appointment.
Prescribed medication was permitted. Participants were
sent home, and their appointment rescheduled if they
did not adhere to these instructions or if they were
presenting with symptoms of flu. Research assistants
were trained to maintain a neutral tone and expression
during testing. Once participants provided written
consent, anthropomorphic data (weight, height, and
waist circumference) and 35mL of blood were obtained.
Participants completed sociodemographic, health behav-
iour, and psychological questionnaires.

Outcome measures
Hostility
The short form of the Cook–Medley Hostility Inventory
(CMHo-T) [40], consisting of 39 true-or-false items, was
used to measure cynicism, hostile affect, and aggressive
responding [41]. The short form’s internal consistency (α
= 0.85) [42] and test-retest reliability (r = 0.74) are both
good [43]. In the current sample, the internal consistency
was 0.81 while the 5-year test-retest reliability was 0.84.

Defensiveness
The short form of The Marlowe-Crowne Social Desir-
ability scale (MCSD) [5, 44], consisting of 14 true or
false items, was used to assess whether respondents are
answering in a culturally sanctioned and desirable man-
ner. The items present behaviours that are desirable but
infrequent (e.g., “I’m always willing to admit it when I
make a mistake”) and behaviours that are undesirable
but frequent (e.g., “I like to gossip at times”). The short-
form MCSD has been found to have adequate psycho-
metric properties, with internal consistency estimates of
0.62–0.77 [44] and a test-retest correlation of 0.74 [45].
In the current sample, the internal consistency was 0.68
and the test-retest reliability was 0.78. The MCSD scale
has been shown to be a valid measure of the defensive-
ness construct [46, 47] and has been frequently used to
assess defensiveness in the area of cardiovascular health
psychology.

Telomere length
DNA was extracted from peripheral blood leukocytes
using standard methods, and TL was measured by quan-
titative polymerase chain reaction (qPCR) using the
modified method [48] of the protocol described by Caw-
thon [49]. The DNA extraction was done automatically
on the BioRobot M48 system (Qiagen). The buffy coat
samples are thawed at room temperature. For each sam-
ple, 55 μL of cells are mixed with 95 μL of RPMI-1640
(Invitrogen, # 11875-093). Extraction on the BioRobot
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M48 is carried out using the MagAttract DNA Blood
M48 kit (Qiagen, # 951356). DNA is diluted in 200 μL of
RNase-free water. DNA is stored at − 80 °C and quanti-
fied by UV spectrophotometer (Tecan, Infinite M1000
Pro) by measuring the specific UV absorbance of nucleic
acids at 260 nm.
This modified method for TL [48, 49] is based on

determining the number of telomeric repeat sequence
(T) on the number of copies of a single gene (RPLP0,
60S acidic ribosomal protein P0) (S). A T/S ratio was
calculated for each sample of DNA tested. A relative ra-
tio was obtained by comparing the ratio T/S of a sample
to the ratio T/S of a reference DNA sample (obtained
from a single individual and used to generate the stand-
ard curves) giving a value T/S of 1. Therefore, the
relative ratio of a sample represents the number of
copies of telomeres relative to the reference sample. For
each DNA sample, T and S qPCR SYBR® green reactions
are assembled with the epMotion 5075 TMX (Eppen-
dorf) automated pipetting systems. Each 20 μL reaction
contained 7.5 ng of DNA, 10 μL of QuantiFast SYBR®
Green PCR Master Mix (Qiagen, # 204057), and 450 nM
of primers Tel1b (CGGTTTGTTTGGGTTTGGGTTTG
GGTTTGGGTTTGGGTT) and Tel2b (GGCTTGCCTT
ACCCTTACCCTTACCCTTACCCTTACCCT) for the
T amplification or 300 nM of the primer 36B4u (CAG-
CAAGTGGGAAGGTGTAATCC) and 500 nM of the
primer 36B4d (CCCATTCTATCATCAACGGGTACA
A) for the S amplification. Serial dilutions of the refer-
ence DNA are made (25 to 1.562 ng/μL) for each 96-
well plate, and the values obtained were used to establish
a standard curve in order to calculate the T and S values
of the tested samples. All qPCR were performed on the
ViiA™7 real-time PCR system (Applied Biosystems) and
with the QuantStudio analysis software (Applied Biosys-
tems). The thermal amplification profile of telomeres (T)
is described as follows: 5 min at 95 °C, followed by 25 cy-
cles of 95 °C for 10 s and 56 °C for 1 min. The thermal
amplification profile of the single- copy gene (S) is
described as follows: 5 min at 95 °C followed by 40 cycles
of 95 °C for 10 s and 60 °C for 40 s. All samples were mea-
sured in triplicate, and their mean was used for analyses.

Sociodemographic and health confounders
Sociodemographic (sex, age, ethnicity, years of schooling,
marital status, personal and family income), and per-
sonal and family medical history were collected via inter-
view. Data on behavioural risk factors (tobacco, alcohol,
caffeine consumption, diet, and physical activity), weight,
height, and waist circumference were also obtained.

Inflammatory and metabolic confounders
The blood samples were frozen (− 80 °C) and then assayed
in batch. C-Reactive protein (CRP) was measured from

plasma using the Siemens CardioPhase hsCRP assay on
the BN ProSpec Nephelometer (Siemens Healthcare
Diagnostics Products GmbH, Marburd, Germany). The
minimal detectable hsCRP concentration was 0.18mg/L.
Lipids and glucose were assayed using respective reagent
Flex on the multianalyzer Dimension RxL Max (Dade
Behring Diagnostics, Marburg, Germany) with heparinized
plasma. To measure waist circumference (WC), the
participant’s waistline was exposed and the bottom of a
measuring tape was aligned with the top of the hip
bone and stretched across the midsection over the
navel [50]. Blood pressure was obtained during a 5-min
continuous reading at rest using a Finometer (Finapres
Finometer, Amsterdam, the Netherlands) and analyzed
offline in LabChart (ADInstruments, Oxford, UK). The
mean arterial pressure was used for statistical analyses.

Statistical analyses
Analyses were performed on participants with complete
sociodemographic, behavioural, telomere, biochemical,
and psychological data (n = 1061).

Preliminary analyses
No significant sociodemographic, psychological or
physiological differences were observed in participants
with (n = 1061) or without (n = 58) complete data.TL
was positively skewed and a natural logarithm trans-
formation was applied to ensure normal distribution.
Potential covariates were based on the TL literature

[51], as well as on the results of bivariate correlations
with TL. Only covariates showing an association p <
0.10 with TL in our sample were retained. These in-
cluded age, sex, employment status, waist circumference,
number of cigarettes per day, hours of exercise/weekly,
alcoholic beverages/weekly, mean arterial pressure, total
cholesterol, and glucose, as well as history of hyperten-
sion, diabetes, and/or dyslipidemia. To identify any
differences between CAD and non-CVD groups, inde-
pendent samples T test (for continuous variables in
unequal sample sizes) and chi-squares (for categorical
variables) were used on demographic measures. Welch’s
ANOVAs were performed to examine whether TL,
CMHo-t, and MCSD differed as a function of CAD status
and sex of participants. Effect sizes (Cohen’s d) were cal-
culated via a statistical tool by Lenhard and Lenhard [52].

Multivariate associations of personality with TL and
moderating influences of CAD status and/or sex among the
patient groups
Relationships between psychological traits and TL in the
patient groups were analyzed using hierarchical linear
regression analyses, performed separately for hostility
and defensiveness. Covariates and the potential moderators,
sex, and CAD status were forced into Block 1. The
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psychological trait was entered into Block 2, while its pos-
sible two- and three-way interactions with CAD status and/
or sex were entered stepwise in Block 3. Interactions were
formed from centred variables.
Data were analyzed using the IBM SPSS Statistics 24.0

software (IBM Corporation, Somers, NY, USA), and
moderation analyses were performed using the computa-
tional tool PROCESS version 3.4 [53]. A two-sided p
value < 0.05 was considered statistically significant for
main effects. However, given reduced power to detect
significant interactions, the latter were explored when they
met a p value < 0.10 to minimize type II error [54, 55].
Simple slope analyses were performed on values ± 1 SD
for hostility and defensiveness. Interactions were created
from centred variables.

Analyses in healthy individuals
Given the much smaller sample size of the healthy group
and their vastly differing characteristics, analyses were
performed separately for this group. The standardized
residual of TL (controlling for age, BMI, employment
status, and years of schooling) was used as the dependent
variable. Sex, personality trait, and their interaction were
included as predictors in each regression.

Results
Table 1 presents participant characteristics. Individuals
with CAD had significantly more sociodemographic, be-
havioural, and medical risk factors for CVD than their
non-CVD counterparts. Men showed a worse CV profile
than women (p < .001), but did not differ on other
demographic variables. In the non-CVD illness group
only, men were more likely to have a history of HTA,
hypercholesterolemia, and diabetes compared to women
(all p’s < .001).
TL was negatively associated with age in all three groups

(CAD: r = − .22, p < .001; non-CVD illness: r = − .29,
p < .001; healthy: r = − .43, p < .05).

Group differences in TL, hostility, and defensiveness
Individuals with CAD had shorter TL as compared with
individuals with non-CV illness (F(1,898.16) = 24.83, p <
.001, d = .32). A sex main effect (F(1, 685.40) = 15.93, p
< .001, d = .27) indicated shorter TL in men compared
to women. As for hostility, main effects of CAD status
emerged (F(1, 944.96) = 9.02, p < .05, d = .19), with
greater hostility reported by individuals with CAD as
compared with individuals with non-CVD illness. No
group differences emerged for defensiveness. Among the
healthy subsample (n = 25), one-way ANOVAs revealed
no statistically significant sex difference in TL, hostility,
and defensiveness (see Table 2 for means).

Bivariate correlations between TL, hostility, and
defensiveness
Table 2 provides the sex-specific and overall Pearson
correlations between TL, hostility, and defensiveness for
CAD, non-CVD, and healthy groups separately. Greater
hostility was associated with shorter TL across all groups
of women, though statistically significant only in the
non-CVD group. The effect sizes of the correlations
were within the small-to-medium range for all women,
suggesting that lack of significance in the other two
female groups was a function of their smaller sample
size, as correlations were actually stronger than that of
the non-CVD group. In healthy men, TL were longer
among more hostile individuals whereas they were
shorter among those who were more defensive.

Multivariate associations of personality with TL and
moderating influences of CAD status and/or sex among
the patient groups (Table 3), (Fig. 1)
Hostility
A significant hostility by sex interaction emerged among
the patient groups when controlling for important
demographic, medical, and metabolic covariates. Simple
slope analyses indicated that greater hostility was associ-
ated with shorter TL in women (β = − .001, t = − 2.82, p
= .005), but not in men (β = .001, t = .78, p = .43).

Defensiveness
CAD status moderated the relation between defensiveness
and TL. More specifically, greater defensiveness tended to
be associated with longer TL among individuals with
CAD (β = .001, t = 1.93, p = .05), but not among patients
with non-CV illnesses (β = − .001, t = − .93, p = .35).

Analyses in healthy individuals (Table 4, Fig. 1)
Hostility
The sex by hostility interaction was significant. Among
healthy men only did TL appear to be longer in those
with greater hostility (β = .09, t = 2.37, p = .028).

Defensiveness
The sex by defensiveness interaction was significant.
Shorter TL were observed in the healthy men who were
more defensive (β = − .30, t = − 3.56, p = .002).

Discussion
This cross-sectional study examined the relation be-
tween TL and two personality traits and whether these
associations differed as a function of CAD status and/or
sex, controlling for sociodemographic, behavioural, and
medical risk factors. Sex and health status were found to
moderate the relationship between hostility, defensiveness,
and TL. More specifically, greater hostility was associated
with significantly shorter TL in women (independent of
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health status) but with longer TL among healthy men,
while greater defensiveness was associated with longer TL
in individuals with CAD, but with shorter TL in healthy
men.
The sex differential observed in the relation between

hostility and TL was somewhat surprising. Indeed, we
found robust evidence for shorter TL in more hostile as
compared to less hostile women, but this was not
observed in the men. In contrast, two previous studies
had observed such results in men more particularly. One
sample included predominantly male U.S. veterans with
various medical conditions (including heart disease) [31],
while the other was comprised of a similar number of
relatively healthy older British men and women [29].
Conversely and consistent with our current findings in
the healthy men, we had previously reported a positive
association between hostility (and increases in hostility
over time) and TL in a sample of healthy adult men and
women [30]. The reasons for these discrepant results
across studies may relate in part to methodological
differences. For example, our previous [30] and current
sample were more heterogeneous compared to that of
the Whitehall-II investigation [29]. This reduced vari-
ability in the Whitehall-II investigation may explain why
they showed no association between TL and chrono-
logical age as opposed to both our studies which showed
the expected negative association. Although our current
sample was similar in age to that of Whitehall-II investi-
gation, it suffered from a wide range of health issues,
including CAD. In Watkins’ study [30], TL was isolated
from saliva, which is more sensitive to environmental
confounds as compared to blood. Furthermore, the six
items of the SCL-90-R used in Watkins’ study encom-
passed only hostility’s affective and behavioural symptoms
(aggressive urges and impulses) over the last month, as
opposed to its trait component as depicted in the Cook–
Medley’s Hostility Scale. At this time, conclusions regard-
ing the associations of hostility with TL remain unclear,

given mixed results from one sample to another. Though
men are more commonly known to be at risk for adverse
effects of trait hostility on health, there has been growing
evidence of its impact on illness (CAD) severity in women
[56, 57], and our robust findings contribute to the body of
knowledge on the potential impact of trait hostility on
women’s health in particular.
Health status influenced not only the relation between

TL and age, but also the relation between TL and defen-
siveness in the current study. Greater defensiveness was
associated with longer TL among individuals with CAD
but not among those with other non-CVD illnesses.
Moreover, it was related to shorter TL in healthy men.
We had previously reported shorter TL among men and
women who were more defensive in a study involving
healthy participants [30]. Findings by Shoormans and
colleagues [58] may provide additional insight into the
mixed results regarding TL and personality traits. They
found that while those with Type D personality (a con-
struct related to defensiveness) had shorter TL at study
onset, they were also less likely to show TL shortening
over a period of 6 years compared to those without Type
D. Protection from TL loss over time may have occurred
via activation of telomerase [59]. Relatedly, initial TL has
been shown to be the greatest predictor of TL change
over time, with relatively long telomeres tending to
shorten over time, while relatively short telomeres tend-
ing to lengthen over time, possibly due to these repara-
tive mechanisms [60]. Given the shorter TL of patients
with CAD, a similar process of telomerase activation
may have occurred, in essence altering the observed rela-
tions between TL and defensiveness in this study. Whether
similar processes influenced the longer telomeres observed
among the more hostile healthy men in this and our previ-
ous study [30] remains unclear.
Different mechanisms have been suggested to underlie

the negative association of psychological risk factors with
TL, including alterations in health behaviours, as well as

Table 2 Group means and Pearson correlations between TL and personality traits as a function of health status and sex

CAD Non-CVD Healthy

Men (n = 482) Women (n = 116) Men (n = 193) Women (n = 245) Men (n = 14) Women (n = 11)

Mean (± SD)

Telomere length (T/S ratio) 0.83 (0.17) 0.86 (0.019) 0.87 (0.19) 0.90 (0.20) 0.96 (0.18) 0.91 (0.11)

Hostility 14.50 (5.18) 13.94 (5.56) 13.19 (6.26) 13.30 (5.85) 11.79 (5.79) 11.64 (8.29)

Defensiveness 9.36 (2.72) 9.32 (2.73) 9.59 (2.68) 9.13 (2.82) 9.29 (2.43) 8.82 (2.99)

Correlations with telomere
length (r)

Defensiveness 0.03 0.14 − 0.07 − 0.04 − 0.65* 0.05

Hostility − 0.01 − 0.17 0.04 − 0.14* 0.36 − 0.39

No statistical differences between men and women emerged for all three groups
*p < .05, ~ p = .06; effect size: r = .1 (small), r = .3 (medium), r = .5 (large)

Starnino et al. Biology of Sex Differences            (2021) 12:2 Page 8 of 13



metabolic and inflammatory processes. Importantly, we and
others have previously shown that hostility and defensiveness
are associated (particularly in women) with disruptions in
metabolic and inflammatory activity, with increased oxidative
DNA damage [10–13, 15, 61, 62], and poorer health habits
such as physical inactivity and smoking [63]. Although these
physiological processes and health behaviours mentioned
have been associated with shorter TL [26, 64], controlling for

these potential mediating or confounding factors did not
alter the pattern of results in the current investigation.

Strengths and limitations
While the variance explained by all variables, except age,
was low, the findings regarding the personality traits
were robust and independent of a large number of
behavioural, sociodemographic, and medical variables.

Table 3 Results of the hierarchical regression analysis for hostility and defensiveness predicting telomere length in the patient
groups

β t p Semipartial r 95% CI

Regression 1

BLOCK 1

Age − 0.24 − 6.86 0.006* − 0.21 [− 0.002, − 0.001]

Sex 0.05 1.40 0.16 0.04 [− 0.002, − 0.011]

CAD status 0.03 0.83 0.41 0.03 [− 0.004, 0.009]

Employment status − 0.01 − 0.36 0.72 − 0.01 [− 0.008, 0.005]

#Cigarettes daily − 0.03 − 1.13 0.26 − 0.03 [− 0.001, 0.000]

#Exercise hours/week 0.06 1.90 0.06 0.06 [0.000, − 0.001]

#Alcohol beverages/week − 0.07 − 2.10 0.04 − 0.06 [− 0.001, − 0.002]

Waist circumference − 0.03 − 0.99 0.32 − 0.03 [0.000, − 0.000]

Glucose − 0.01 − 0.32 0.75 0.01 [− 0.002, 0.002]

Mean arterial pressure 0.08 2.65 0.008* 0.08 [0.000, 0.000]

Cholesterol total 0.05 1.40 0.16 0.08 [− 0.001, 0.005]

History of CVD risk − 0.04 − 1.02 0.31 − 0.03 [− 0.014, 0.004]

F(12,1023) = 11.08, p < 0.001,
R2 = 0.115, R2adj = .105

BLOCK 2

Hostility − 0.03 − 0.91 0.37 − 0.03 [− 0.001, 0.000]

F (1, 1022) = 0.82, p = 0.37,
i2 = 0.116, R2adj = 0.104

BLOCK 3

Hostility*sex − 0.08 − 2.78 0.006* − 0.08 [− 0.002, − 0.0003]

F(1,102) = 7.72, p = 0.007,
R2 = 0.122, R2adj = 0.110

Regression 2

BLOCK 2

Defensiveness 0.03 0.84 0.40 0.03 [− 0.001, 0.001]

F (1, 1022) = 0.71, p = 0.40,
R2 = 0.116, R2adj = 0.104

BLOCK 3

Defensiveness*CAD status − 0.06 − 1.98 0.049* − 0.058 [− 0.004, − 0.000]

F(1,1021) = 3.90, p = 0.007,
R = 0.119, R2adj = 0.107

CI: confidence interval
CAD status (dichotomized)= with (1) or without CAD (2); Employment status (dichotomized) = retired or non-employed (1), full-time or part-time (2). History of
CVD risk (dichotomized) = absence (0) or presence (1) of hypertension (and/or) diabetes (and/or) hypercholesterolemia and CVD agents (e.g., dyslipidemic,
antihypertensive agents, insulin, oral hyperglycemics)
*p < .05
#: Number of
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Moreover, controlling for symptoms of depression,
anxiety, and stress did not alter the results (data not
shown). The clinical significance of shorter TL in
women with greater hostility compared to their low
hostile counterparts in the current study remains to
be evaluated. However, converting T/S ratio to base
pairs (bp) indicates a 133 bp difference, suggestive of
a 1–4 year biological difference (based on telomere at-
trition of 30–100 base pairs per year )[65–67].
Additional strengths of this study included a large

sample size, use of validated questionnaires, and pur-
poseful recruitment of as large a number of women
as possible to examine sex differences. Findings dif-
fered significantly between men and women, which
reinforces the importance of evaluating sex differences
in this field of research. CAD status was also strictly
defined and verified via medical files. Moreover, qPCR
analyses were carefully controlled and assayed in

batch in triplicate, reducing potential measurement
errors.
Nonetheless, a few factors limit the conclusions that

can be drawn from the current results. The cross-
sectional design of our study limits any conclusions re-
garding causality. Furthermore, given that hostility and
defensiveness increase risk for premature mortality,
those most susceptible to the effects of these personal-
ity traits may have already passed away, contributing to
our unexpected results (e.g., greater defensiveness asso-
ciated with longer TL in CAD participants). Moreover,
the sample consisted of mostly Francophone Canadian
Caucasians which may limit the generalizability of our
findings to other populations. Indeed, there is evidence
for differential patterns of association of TL with
biological parameters (such as blood cell count) as a
function of geographical location [68, 69], which may
reflect genetic differences [70], as well as differences in

Fig. 1 a The relation between hostility and TL is moderated by sex in participants with CAD or other chronic illnesses (β = − .08, t = − 2.78, p = .006).
Greater hostility was associated with shorter TL in women (β = − .001, t = − 2.82, p = .005), but not in men (β = .001, t = .78, p = .43). b Among
patients, the relationship between defensiveness and TL is moderated by CAD status (β = − .06, t = − 1.98, p = .049). Greater defensiveness tended to
be associated with longer TL among individuals with CAD (β = .001, t = 1.93, p = .06), but not among patients with non-CV illnesses (β = − .001, t =
− .93, p = .35). c In healthy individuals, the sex by hostility interaction was significant. Greater hostility was associated with significantly longer TL
among men (β = .09, t = 2.37, p = .028), but not in women (β = − .02, t = − .54, p = .59). d The relation between defensiveness and TL is moderated by
sex in healthy participants. Greater defensiveness was associated with shorter TL in healthy men (β = − .30, t = − 3.56, p = .002), but not in women (β
= .05, t = .66, p = .52). Note: Relative telomere length: residuals adjusting for covariates found in respective hierarchical regressions were used to create
the jittered scatterplots. Interaction terms in the main analyses were created from centred variables
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life exposures, access to healthcare, and/or coping re-
sources [71]. Furthermore, recent data suggests TL dif-
fers as a function of blood leukocyte composition, with
longer TL observed in blood samples with higher pro-
portions of CD8+ T cells and B cells [72]. Notably,
blood leukocyte composition changes from childhood to
adulthood and differs as a function of sex and health sta-
tus [66, 73–75], which may contribute to some of the un-
expected findings observed here and in previous
investigations. Future research examining TL should
ideally control for potential leukocyte cell subtype differ-
ences. Finally, given the small sample size of the healthy
group, it is possible that results concerning them may re-
flect Type 1 errors and are likely overfit. This, however,
appears unlikely in light of the effect sizes observed in the
correlations, the p values of the interactions, and the fact
that results replicated those of a previous study in a
healthy sample. Nonetheless, any results concerning them
require replication in a larger sample.

Perspectives and significance
Hostility and defensiveness were associated with altered
TL among middle-aged and older individuals though the
direction of effect appears to depend on their sex and/or
health status. Though the clinical relevance of these
findings remains to be established, these traits reflect a
relatively enduring pattern of intrapersonal and interper-
sonal conflict, which may not only be detrimental to
one’s mental health and quality of life, but also to their
cellular aging processes. Moreover, whether

psychological interventions targeting hostility and/or de-
fensiveness can protect from premature aging remains
to be properly evaluated, though small-scale studies sug-
gest that mindfulness, for example, may improve TL and
telomerase activity [76].
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