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Background: Hostility is associated with a significantly increased risk of age-related disease and mortality, yet the pathophysiological
mechanisms involved remain unclear. Here we investigated the hypothesis that hostility might impact health by promoting cellular aging.

Methods: We tested the relationship between cynical hostility and two known markers of cellular aging, leukocyte telomere length (TL) and
leukocyte telomerase activity (TA), in 434 men and women from the Whitehall Il cohort.

Results: High-hostile men had significantly shorter leukocyte TL than their low-hostile counterparts. They also had elevated leukocyte TA,
with a significantly increased likelihood of having both short TL and high TA, compared with low-hostile individuals.

Conclusions: Because telomerase is known to counteract telomere shortening by synthesizing telomeric DNA repeats, particularly in the
context of shortened telomeres, heightened TA might represent a compensatory response in high-hostile individuals. The relationship
between hostility and disease is stronger in men than in women, and men generally have a shorter life expectancy than women. Our findings

suggest that telomere attrition might represent a novel mechanism mediating the detrimental effects of hostility on men'’s health.
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suspicious, mistrustful attitude toward interpersonal rela-

tionships and the wider environment,” is associated with an
increased risk of age-related disease and all-cause mortality in hu-
mans (1-5). Although this relationship has been known to exist for
many years, the biological mechanisms linking hostility and health
remain poorly understood.

One biological process increasingly implicated in the associa-
tion between psychological parameters, pathophysiological pro-
cesses, and aging is telomere shortening (6 -9). Telomeres are ribo-
nucleoprotein complexes that cap and protect chromosome ends.
Human telomeric DNA, consisting of tandem hexanucleotide re-
peats of the sequence TTAGGG, naturally shortens during somatic
cell division and as a result of oxidative damage (10). Shortening
below a specific threshold length results in telomere dysfunction,
leading to genomic instability, apoptosis and/or cell senescence,
and has thus been implicated in the loss of tissue homeostasis,
organ failure and organismal aging (10,11). A critical determinant of
telomere length (TL) is the cellular enzyme telomerase, which coun-
teracts telomere shortening by adding TTAGGG repeats onto the 3’
ends of telomeric DNA, thus promoting genomic stability and cell
longevity (10,11). Because a short telomere stimulates telomerase
action on that telomere, thereby elongating it, and cells with short
telomeres can be stabilized by the presence of excess telomerase
(12), TLand telomerase form an intricately interdependent dynamic
system. Both shortened leukocyte TL and altered leukocyte telom-
erase activity (TA) are associated with progression of age-related

I I ostility, an enduring personality trait characterized by “a
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diseases—in particular, cardiovascular disease and cancer—as well
as their risk factors, including obesity, diabetes, hypertension, and
smoking (11,13-19), and several reports have related shorter leuko-
cyte TL to early mortality (13,16,19,20).

Chronic psychological stress, a factor linked to dysregulated
immune function and premature aging (21), has also been related
to shorter leukocyte TL in a number of recent studies. High levels of
perceived stress were associated with shorter leukocyte TL in
healthy premenopausal women (6) and in women with a sibling
diagnosed with breast cancer (7). Similarly, primary caregivers of
Alzheimer’s disease patients were found to have shorter leukocyte
TL than age- and gender-matched control subjects (8). In addition,
chronic stress has been related to both dampened and, paradoxi-
cally, elevated leukocyte TA in caregivers, compared with low-stress
control subjects (6,8,9).

Importantly, not all individuals exposed to stress age prema-
turely, and individual differences in perceived stress, vulnerability,
and emotional stress responses likely influence the physiological
outcome of stress (21,22). Hostile individuals tend to perceive daily
life experiences as more threatening, report higher levels of inter-
personal conflict and lower social support, and adopt inefficient
coping strategies when faced with stressful situations (2). Accord-
ingly, they often display heightened or prolonged physiological re-
sponses to acute emotional stressors (2,4,23,24). The relationship be-
tween hostility and heightened stress reactivity is particularly apparent
in men (23), and evidence suggests that the detrimental effect of hos-
tility on physical health is greater in men than in women (5). Further-
more, previous studies have shown that hostile individuals are more
prone to risky health behaviors and their consequences, including
increased smoking and alcohol consumption and greater adiposity
(25,26). We predicted that hostility might increase disease susceptibil-
ity in humans, particularly men, by promoting stress-related changes
in TL and TA in leukocytes, and set out to test these hypotheses in a
sample of healthy men and women.

Methods and Materials

Recruitment and Eligibility Criteria

Participants were a subsample of the Whitehall Il cohort, re-
cruited during 2006 -2008 as part of the “Heart Scan study” investi-
gating psychosocial, demographic, and biological risk factors for
coronary artery calcification (27,28). They were screened to ensure
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that they had no history or objective signs of coronary heart disease
and no previous diagnosis or treatment for hypertension, diabetes,
inflammatory diseases, or allergies. Volunteers were of white Euro-
pean origin, and 56.5% were in full-time employment. Socioeco-
nomic status was defined by most recent or current employment
grade within the British civil service. Selection was stratified to
include adequate representation of higher (grades 7 to 1), interme-
diate (higher and senior executive office), and lower (administrative
assistant, administrative officer, and executive office) grades. Par-
ticipants were selected at random from each grade and gender
category, on the basis of the aforementioned screening criteria. The
sample of 543 included 294 men and 249 women, 53-76 years of
age. Measurement of TL did not commence immediately, and there
was some loss of TA data due to sample nonviability. Thus 434
participants contributed to TL analyses, and 416 contributed to TA
analyses. All participants gave written consent, and the study was
approved by the University College London Hospital Committee on
the Ethics of Human Research.

Hostility Measure

Cynical hostility was measured by 10 items from the Cook Med-
ley Hostility Scale (CMHS) (1). The CMHS is a widely used self-re-
ported measure of hostility, assessing cynical, mistrustful attitudes
toward others and, to alesser extent, the propensity of an individual
for aggressive responding and experiencing hostile affects. It is
reported to have good psychometric properties, including ade-
quate internal validity, good test-retest reliability, and construct
validity (29). The 10 items include statements such as “it is safer to
trust nobody” and “most people make friends because friends are
likely to be useful to them,” and were scored with a binary (true/
false) format. Total scores could range from 0 to 10, with higher
scores indicating greater hostility. The Cronbach « in this sample
was .77.

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMCs) were isolated from
whole blood (20 mL) by density gradient centrifugation on Ficoll
Paque Plus (GE Healthcare, Buckinghamshire, United Kingdom) and
then stored at —80°C in RPMI-1640 with 10% dimethyl sulfoxide
and 20% fetal bovine serum, before analysis.

Measurement of Leukocyte TL

Genomic DNA was extracted from PBMCs in a QlAcube worksta-
tion with the QlAamp DNA blood mini kit (Qiagen, Crawley, United
Kingdom) according to instructions of the manufacturer and stored
in 10 mmol/L Tris-hydrochloric acid, .5 mmol/L ethylenediamine
tetraacetate, pH 9.0 at —20°C. Relative mean TL was measured in
triplicate by a monochrome multiplex quantitative real-time poly-
merase chain reaction assay with a Bio-Rad CFX96 Real-Time PCR
Detection System (Bio-Rad, Hemel Hempstead, United Kingdom),
as previously described (30). Polymerase chain reactions were car-
ried out in a final volume of 25 pL containing 20 ng of sample DNA
diluted in 4 pL of pure water, 12.5 pL of QuantiFast SYBR Green
master mix (Qiagen), and telomere primers telg and telc, each at a
final concentration of 900 nmol/L, and human B-globin primers
hbgu and hbgc, each at a concentration of 500 nmol/L. Primer
sequences were: telg, ACACTAAGGTTTGGGTTTGGGTTTGGGTTT-
GGGTTAGTGT; telc, TGTTAGGTATCCCTATCCCTATCCCTATCCCTAT-
CCCTAACA; hbgu, CGGCGGCGGGCGGCGCGGGCTGGGCGGCTTCA-
TCCACGTTCACCTTG; and hbgd, GCCCGGCCCGCCGCGCCCGTC-
CCGCCGGAGGAGAAGTCTGCCGTT. Thermal cycling conditions
were as follows: Stage 1: 15 min at 95°C; Stage 2: 2 cycles of 15 sec at
94°C, and 15 sec at 49°C; and Stage 3: 32 cycles of 15 sec at 94°C, 10
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sec at 62°C, 15 sec at 73°C with signal acquisition (providing cycle
threshold values for the amplification of the telomere template), 10
sec at 84°C, and 15 sec at 87°C with signal acquisition (providing
cycle threshold values for the amplification of the hbg template).
Reactions containing serial dilutions of a reference DNA standard
were included in each polymerase chain reaction plate to generate
the telomere (T) and B-globin gene (S) standard curves required for
quantitation. Relative mean TL, expressed as a T/S ratio, was derived
as previously described (30).

Measurement of Leukocyte TA

Leukocyte TA was measured by the Telomerase Repeat Amplifi-
cation Protocol with a commercial assay (TRAPeze, Telomerase De-
tection Kit; Upstate/CHEMICON, Temecula, California) as described
previously (9). Peripheral blood mononuclear cells were thawed at
37°C, washed twice with cold Dulbecco’s phosphate buffered saline
(phosphate buffered saline without magnesium and calcium) (In-
vitrogen, Carlsbad, California), then pelleted, and resuspended in 1
mL of Dulbecco’s phosphate buffered saline. Live cells were
counted with a hemacytometer (Bright-Line Hemacytometer,
Reichert, Buffalo, New York) with Trypan blue (Invitrogen). One
million live cells were pelleted and lysed with 1X CHAPS buffer
according to the TRAPeze kit (Upstate/CHEMICON) manufacturer
instructions. An extract corresponding to 5000 cells/pL was pre-
pared for each PBMC sample, and two concentrations correspond-
ing to 5000 and 10,000 cells were assayed for each sample to ensure
that the assay was in the linear range. The reaction was performed
according to the TRAPeze kit (Upstate/CHEMICON) manufacturer
instructions and radioactive products fractionated by 10% poly-
acrylamide-8 mol/L urea sequencing gel electrophoresis. The gel
was exposed to a phosphoimager plate overnight and scanned on
STORM 860 (GE Healthcare). As positive control standards, 293T
human cancer cells were used, and TA was expressed as the equiv-
alent of number of 293T cells/10,000 PBMCs. The TA was quantified
with ImageQuant 5.2 software (GE Healthcare) as described previ-
ously (9).

Other Biological and Behavioral Variables

Height, weight, and waist circumference were measured by a
nurse with standardized methods. Body mass index (BMI) was cal-
culated as weight in kilograms divided by height in meters squared.
Systolic (SBP) and diastolic blood pressure (DBP) were estimated
from two readings obtained with a digital monitor after sitting
quietly for 30 min. A nonfasting blood sample was drawn for anal-
ysis of total cholesterol, high-density lipoprotein (HDL) cholesterol,
plasma triglycerides, high-sensitivity C-reactive protein (CRP), and
interleukin-6 (IL-6) with methods described previously (27). Saliva
was collected with a Salivette (Sarstedt, Leicester, United Kingdom),
and salivary cortisol was assessed by a time-resolved immunoassay
with fluorescence detection at the University of Dresden. All intra-
and inter-assay coefficients of variation were <10%. Current smok-
ing status, weekly alcohol consumption, and weekly frequency of
moderate and vigorous physical exercise were assessed by ques-
tionnaire.

Statistical Analyses

Associations between leukocyte TL and TA and between TA, TL,
or cynical hostility and other demographic, biological, and behav-
joral variables were examined with Pearson’s product moment cor-
relations and independent samples t tests. Relationships between
cynical hostility and TL or TA were analyzed by multiple linear
regression analyses. Covariates included in initial analyses were
age, gender, BMI, waist circumference, and employment grade, on
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the basis of evidence from the literature that these factors affect
leukocyte TL and/or TA (13,15,17,31-33). Further analyses included
additional blocks of covariates relating to salivary cortisol, cardio-
vascular measures (SBP and DBP), lipids (total and HDL cholesterol,
triglycerides), inflammatory markers (IL-6, CRP), and health behav-
iors (smoking status, alcohol consumption, and physical activity).
Results of these analyses are presented as standardized regression
(B) coefficients with standard errors. Because the cynical hostility
scores were somewhat skewed, analyses were repeated with
square root transformation; however, results remained essentially
unchanged. For illustrative purposes, analysis of variance was used
tocompare TLand TAin individuals belonging to low, intermediate,
and high cynical hostility score tertiles, adjusting for covariates.Ina
second set of analyses, participants were divided into tertiles of TL
and TA. We then compared participants in the lowest tertile of TL
and highest tertile of TA with the remainder. Binary logistic regres-
sions were performed to investigate the relationship between cyn-
ical hostility score and likelihood of belonging to the short TL/high
TA group. Results are presented as percentages adjusted for cova-
riates, with 95% confidence intervals (Cls).

Results

Participant Characteristics

Participant characteristics are presented in Table 1. The sample
comprised 206 men and 228 women with a mean age of 63.3 (range
54-76) years. There was relatively equal representation from inter-
mediate and high civil service grades, with a slightly smaller portion
from low-grade employment, and the vast majority (93.8%) were
nonsmokers. Participants were overweight on average with a mean

Table 1. Participant Characteristics

Mean (SD) or n (%) Range

Age 63.3 (5.6) 54-76
Gender

Male 206 (47.5%)

Female 228 (52.5%)
Grade of Employment

Low 112 (25.8%)

Intermediate 167 (38.5%)

High 155 (35.7%)
Smoking Status

Smoker 27 (6.2%)

Nonsmoker 407 (93.8%)
BMI (kg/m?) 25.8 (4.0) 15-43.9
Waist Circumference (cm) 85.9(13.1) 56-125
Cynical Hostility Score 2.55(2.39) 0-10
Telomere Length (T/S ratio) .99 (.07) 79-1.24
Telomerase Activity (per 1000 live 10.52 (7.05) 1.23-39.98

cells) (n = 416)

Log Telomerase Activity (n = 416) 2.14 (.67) .20-3.69
SBP (mm Hg) 123.2 (16.5) 75-189
DBP (mm Hg) 76.5 (9.5) 47-109
Salivary Cortisol (nmol/L) 6.46 (4.0) 44-29.57
IL-6 (pg/mL) 1.36 (.84) .30-4.98
CRP (p.g/mL) 1.82 (2.42) .048-17.88
Total Cholesterol (mmol/L) 5.3(93) 2.4-8.6
HDL-Cholesterol (mmol/L) 1.7 (48) 6-4.0
Triglycerides (mmol/L) 1.34(.71) 3-4.6

N =434,

BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood
pressure; HDL, high-density lipoprotein; IL-6, interleukin-6; SBP, systolic
blood pressure.
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BMI of 25.8. Their cynical hostility score on the CMHS indicated that
levels were generally comparable with other populations, and they
displayed a wide range of leukocyte TL and leukocyte TA. Partici-
pants were normotensive on average, and their salivary cortisol and
plasma levels of IL-6, CRP, and lipids were within the expected
range.

Relative Leukocyte TL and TA

Leukocyte TL data were available for 434 participants, whereas
TA data were available for 416 participants. Leukocyte TL was nor-
mally distributed, but TA was skewed, and hence was natural log
transformed before analyses. Leukocyte TL was inversely correlated
with BMI (r = —.102, p = .034) and smoking (r = —.090, p = .060,
trend) and positively related to total plasma cholesterol (r = .099,
p = .042).It was not related to any other demographic, biological, or
behavioral variable, including age. Leukocyte TA was significantly
higherin women (11.65 £ 7.4) than in men (9.66 * 6.66) (p <.001)
and was inversely related to blood pressure (SBP:r = —.111,p =
.043, DBP: r = —.127, p = .020) and waist (r = —.106, p = .055) but
not related to any other demographic, biological, or behavioral
variables. There was no significant relationship between leukocyte
TL and TA in men, women, or the overall sample. Compared with
individuals who had missing samples, those with TL measures had
similar hostility scores but were older on average (mean age 63.3 vs.
61.4 years, p <.001) and more likely to be female (p < .001) and to
be from a lower employment grade (p < .001). There were no
significant differences between characteristics of participants with
TA measures versus those with missing data.

Cynical Hostility

Scores of cynical hostility averaged 2.55 (SD 2.39). Hostility
scores were significantly higher in men than in women (men 3.06 =
.17, women 2.19 = .16, t [432] = 3.601, p <.001) and were positively
related to waist (r = .129, p = .007) and CRP (r = .099, p = .041) but
inversely related to employment grade (r = —.158, p = .001) and
HDL cholesterol (r = —.111, p = .021). There was no relationship
between hostility scores and any other demographic, biological, or
behavioral measure.

Cynical Hostility and TL

Multiple linear regression analyses adjusting for age, grade, BMI,
waist, and gender revealed that cynical hostility was independently
associated with shorter leukocyte TL across the whole participant
sample (B = —.114 [SE .049], p = .022). Because the gender X
hostility interaction was significant (p = .003), men and women
were analyzed separately. The relationship was highly significantin
men (B = —.246 [SE .074], p = .001) but not in women (p = .442).
The effect in men is illustrated in Figure 1, where the sample is
divided into tertiles of hostility. Men scoring higher on cynical hos-
tility had shorter leukocyte TL. Separate hierarchical regression
analyses controlling for demographic and anthropometric vari-
ables, salivary cortisol, cardiovascular measures, plasma lipids, in-
flammatory markers, and health behaviors were performed to test a
potential mediating role for each of these factors (Table 2). Com-
plete information for all covariates was available for 186 of the 206
men with cynical hostility and TL data. Other factors that were
independently associated with TL in the full model were plasma
triglycerides (B = —.233 [SE.094], p = .015), plasma IL-6 (B = .192
[SE .084], p = .023), and alcohol consumption (B = .151 [SE .074],
p = .044). Nevertheless, including all of the aforementioned factors
in the model only modestly reduced the strength of the association
between hostility and TL, as evidenced by the small changes in B
coefficient, and the relationship between hostility and TL remained
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1.02

Telomere length (Mean T/S ratio)

Low Medium High

Cynical hostility tertiles

Figure 1. Cynical hostility and telomere length. Average leukocyte telomere
length (T/S ratio) is shown for men in low-, medium-, and high-hostility
tertiles. Values are adjusted for age, grade of employment, body mass index,
and waist. Error bars are SEM.

significant (p = .01). Note that Cls overlap and unstandardized
regression coefficients are unchanged by inclusion of covariates in
the models.

Cynical Hostility and TA

Multiple linear regression analyses controlling for age, grade,
BMI, waist, and gender revealed that cynical hostility was indepen-
dently associated with heightened leukocyte TA (B = .095 [SE .051],
p = .061).Because the gender X hostility interaction was significant
(p = .033), men and women were analyzed separately. The relation-
ship was again significantin men (8 = .161 [SE .070], p = .022) but
notin women (p = .823). The effectin men is illustrated in Figure 2.
The sample is divided into tertiles of hostility. Men scoring higher
on cynical hostility had greater TA. As in the case of TL, hierarchical
regression analyses controlling for further biological and behav-
ioral variables were performed to test a potential mediating role for
each of these factors (Table 3). Complete information for all covari-
ates was available for 216 of the 236 men with cynical hostility and
TA data. No other factors were independently associated with TAin
the full model, and the relationship between hostility and TA re-
mained significant (p = .027).

Cynical Hostility and Short TL Coupled with High TA

The possibility that cynical hostility might be associated with the
combination of short TL and high TA was tested by comparing
participants in the lowest tertile of TL and highest tertile of TA with
the remainder. Logistic regression analyses showed that, in men,
there was a positive relationship between cynical hostility and the
likelihood of being in the short TL/high TA group. As shown in
Figure 3, 23.6% of men with cynical hostility scores in the highest
tertile were in the short TL/high TA group, compared with 7.8% of
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Telomerase activity (log.)

Low Medium High
Cynical hostility tertiles

Figure 2. Cynical hostility and telomerase activity. Average leukocyte te-
lomerase activity is shown for men in low-, medium-, and high-hostility
tertiles. Values are adjusted for age, grade of employment, body mass index,
and waist. Error bars are SEM.

those in the lowest hostility tertile. The odds, adjusting for age,
grade, BMI, and waist, of having both short leukocyte TL and high
TA were 1.28 (95% Cl: 1.07-1.53, p = .007)/unit increase in hostility.
Further supporting an interaction between cynical hostility and
both TL and TA, the previously observed association of cynical
hostility and TAinmen (3 =.161 [SE.070], p = .022) was attenuated
when adjusting for TL (3 = .073 [SE .086], p = .401).

Discussion

This study provides the first evidence relating dispositional hos-
tility and cellular aging in humans. Specifically, men scoring higher
on cynical hostility had shorter leukocyte TL and heightened leuko-
cyte TA, compared with their less-hostile counterparts. Because
leukocyte telomere shortening is associated with an elevated risk of
age-related disease and premature mortality (13,16,18-20), this
might represent a novel physiological mechanism underlying the
detrimental effects of hostility on health.

The positive association between hostility and leukocyte TA was
somewhat unexpected. However, upregulated telomerase might
represent a compensatory protective response to leukocyte telo-
mere shortening in hostile individuals. Evidence suggests that te-
lomerase offers cell protection particularly in the context of short-
ened telomeres. In cultured human fibroblasts, the telomerase core
protein hTERT protects DNA from radiation and oxidative stress by
telomere lengthening but only in cells with short telomeres (34,35).
Similarly in telomerase-deficient mice models, re-introduction of
telomerase preferentially restores repeats to the shortest telomeres
(36,37). Prospective analyses in humans show that age-related leu-
kocyte telomere attrition is most apparent in individuals with lon-
ger telomeres at baseline, suggesting that, as seen in animals, te-

Table 2. Hierarchical Regression Analysis Investigating the Relationship Between Cynical Hostility and Telomere Length (Mean T/S Ratio) in Men

Model B SE B 95% Cl for B p

1. Cynical Hostility —.244 .071 —.007 —.011 to —.003 .001
2.Model 1 + Age, Grade, BMI, Waist —.246 074 —.007 —.012 to —.003 .001
3. Model 2 + Salivary Cortisol —.240 .074 —.007 —.011 to —.003 .002
4. Model 3 + Cardiovascular Measures (SBP, DBP) —.243 074 —.007 —.012 to —.003 .001
5.Model 4 + Plasma Lipids (total cholesterol, HDL-cholesterol, total/HDL —-.212 .074 —.006 —.011 to —.002 .005

cholesterol ratio, triglycerides)

6. Model 5 + Plasma Inflammatory Markers (IL-6, CRP) —.219 .074 —.007 —.011 to —.002 .003
7.Model 6 + Health Behaviors (smoking, alcohol intake, physical activity) —.193 074 —.006 —.010 to —.001 .010

Potential mediating factors have been included as additional covariates in each model.

Cl, confidence interval; other abbreviations as in Table 1.
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Table 3. Hierarchical Regression Analysis Investigating the Relationship Between Cynical Hostility and Telomerase Activity in Men

Model B SE B 95% Cl for B p

1. Cynical Hostility .169 .067 .045 .010-.081 013
2.Model 1 + Age, Grade, BMI, Waist 161 .070 .043 .006-.080 .022
3. Model 2 + Salivary Cortisol 167 .070 .045 .008-.082 .018
4. Model 3 + Cardiovascular Measures (SBP, DBP) 163 .071 .044 .006-.081 .022
5.Model 4 + Plasma Lipids (total cholesterol, HDL-cholesterol, total/HDL 173 .071 .046 .009-.084 .015

cholesterol ratio, triglycerides)

6. Model 5 + Plasma Inflammatory Markers (IL-6, CRP) .169 .071 .046 .008-.083 .017
7.Model 6 + Health Behaviors (smoking, alcohol intake, physical activity) 161 .072 .043 .005-.081 .027

Potential mediating factors have been included as additional covariates in each model.

Abbreviations as in Tables 1 and 2.

lomerase might specifically counteract attrition rates in individuals
with short telomeres (31,38). Similar to our observations, caregivers
of Alzheimer’s disease patients were found to have shorter leuko-
cyte TL but heightened leukocyte TA, compared with control sub-
jects (8). The authors concluded that this pointed to “an unsuccess-
ful attempt of cells to compensate for the excessive loss of TL in
caregivers.” Our findings that hostile men had a significantly
greater risk of having both short leukocyte TL as well as high TA, and
that associations between hostility and TA were attenuated by
controlling for TL, are consistent with a protective role of telomer-
ase in hostile individuals.

The lack of association between TL and age seems contradictory
to previous studies (13,17,32). Our sample had a relatively narrow
agerange, and participants were screened to ensure that they were
generally healthy. Because leukocyte TL is associated with biologi-
cal versus chronological age, it might be that a less healthy sample
with a wider age range would be required to observe such an
association. Notably, the majority of studies reporting an inverse
association between age and TL are cross-sectional, and recent
prospective evidence suggests that TL is more dynamic than previ-
ously thought and can in fact increase, remain stable, or decrease
with age, depending on the individual and the environment
(31,38-40).

Associations between hostility and leukocyte TL and TA were
gender-specific, occurring in men only. Consistent with previous
literature, cynical hostility scores were higher in men, and this
might be one explanation for our findings (41). Men might also be
more susceptible to the effects of stress on cellular aging as well as
the detrimental consequences of aging. In a recent analysis of the
Heart and Soul Study, male gender was one of the principal inde-

30 1
25
20 -
15 -

10

% with short TL and high TA

Low Medium High
Cynical hostility tertiles

Figure 3. Cynical hostility and likelihood of being in the short telomere
length (TL)/high telomerase activity (TA) group. The percentage of men
having both short TL and high TA is shown for individuals in low-, medium-,
and high-hostility tertiles. Values are adjusted for age, grade of employ-
ment, body mass index, and waist. Error bars are SEM.

pendent predictors of leukocyte TL shortening over 5 years (40).
Similarly, in participants from the MacArthur Health Aging Study,
the rate of TL shortening predicted a 2.3-fold-greater risk of 12-year
cardiovascular mortality in men but not in women (39). Although
there were no detectable gender differences in leukocyte TL in our
participants, there is considerable evidence that TLis shorterin men
than in age-matched women (31,32,42). Furthermore, men gener-
ally have a shorter life expectancy than women as well as a higher
risk of premature mortality from age-related disease, particularly
cardiovascular disease (32,42), and recent meta-analyses of 25 pro-
spective studies investigating cardiovascular outcomes in initially
healthy samples found that the detrimental effect of hostility on
cardiovascular health was significantly greater in men (5).

A number of pathophysiological mechanisms could potentially
mediate the association between hostility and cellular aging. Hos-
tile individuals often have elevated circulating levels of inflamma-
tory markers (IL-6, CRP) (43,44) and exaggerated inflammatory re-
sponses to acute stress (24). Inflammation triggers T-cell
proliferation and enhances leukocyte turnover rate, a known cause
of telomere shortening in vitro (32), and plasma levels of IL-6 and
CRP were inversely correlated with leukocyte TL in humans
(13,45,46). Hostile individuals often display elevated circulating lev-
els of cortisol and catecholamines as well as heightened cortisol
and catecholamine reactivity to stress (2,23,47). Cortisol reduces
leukocyte TLand TA in vitro (48), and higher urinary levels of cortisol
and catecholamines are associated with shorter leukocyte TL in
humans (7,14). Lastly, oxidative stress accelerates leukocyte telo-
mere shortening by preferentially damaging telomeric versus non-
telomeric DNA during cell replication (32), and TA is altered under
high oxidative stress (49,50).In humans, elevated urinary markers of
oxidative stress were related to shorter leukocyte TL (6,17), and a
recent study found a significant association between hostility and
systemic oxidative stress in healthy adults (51). Because we did not
measure oxidative stress or catecholamines, we cannot test these.
However, accounting for circulating inflammatory markers, salivary
cortisol, and cardiovascular measures as well as lipids, anthropo-
metric, behavioral, and demographic variables did not markedly
alter the relationship between cynical hostility and TL or TA in men.
This suggests that, at least at basal levels, these mechanisms do not
account for our findings. Nevertheless, it is possible that in a more
dynamic situation, such as an acute stress response, some of these
factors might play a role.

Participants in our study were all of white European origin with a
relatively narrow age range and were screened to ensure that they
were generally healthy. Thus our findings might not extrapolate to
other population types. Analyses were cross-sectional, and we can-
not draw conclusions about the causal direction of the relationship
between hostility and cell aging. It is possible that cynical hostility
scores and TL or TA were associated through a relationship with a

www.sobp.org/journal
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third separate factor. There were some differences between indi-
viduals in the study who did and did not have TL analyzed. These
were due to technical issues resulting in delay in reliable cell collec-
tion. However, hostility scores were not related to participation
rates. Peripheral blood mononuclear cells are a mixed cell popula-
tion, and it would be important to establish which leukocyte sub-
types are involved; B cells display greater TA, whereas CD8 T cells
have lower TA (52).

So far only one previous study has related a personality trait to
cellular aging; O’'Donovan et al. (46) found a strong inverse relation-
ship between pessimism and leukocyte TL in post-menopausal
women. Our findings add to this small but growing literature relat-
ing personality and cellular aging in humans, specifically highlight-
ing a potential role for telomere attrition in mediating the detri-
mental effects of hostility on men’s health. Although we specifically
studied leukocyte TL and TA, there is evidence that TL in one tissue
correlates with TL in other tissues (53). Thus, because short leuko-
cyte TL might be a surrogate marker of senescence in the bone
marrow stem cell compartment, our results might also reflect a
more general relationship between hostility and organismal aging.
Longitudinal studies are required to further investigate the path-
ways linking hostility, cellular aging, and risk of disease in humans.

This research was funded by the British Heart Foundation (AS); the
Medical Research Council, UK (JDE); and the Bernard and Barbro Fund
(EHB). We are grateful to Dr. Katie O’Donnell, Mr. Romano Endrighi, Dr.
Yoichi Chida, Dr. Nadine Messerli-Burgy, Dr. Andrew Wawrzyniak, Miss
Cicely Walker, and Mrs. Bev Murray for their contribution to data col-
lection.

Drs. Lin and Blackburn are co-founders of Telome Health, a diag-
nostic company measuring telomere biology. All other authors report
no biomedical financial interests or potential conflicts of interest.

1. Cook WW, Medley DM (1954): Proposed hostility and pharisaic virtue
scales for the MMPI.J Appl Psychol 38:414-418.

2. Smith TW, Glazer K, Ruiz JM, Gallo LC (2004): Hostility, anger, aggressive-
ness, and coronary heart disease: An interpersonal perspective on per-
sonality, emotion, and health. J Pers 72:1217-1270.

3. Miller TQ, Smith TW, Turner CW, Guijarro ML, Hallet AJ (1996): A meta-
analytic review of research on hostility and physical health. Psychol Bull
119:322-348.

4. Smith TW, MacKenzie J (2006): Personality and risk of physical illness.
Annu Rev Clin Psychol 2:435-467.

5. Chida Y, Steptoe A (2009): The association of anger and hostility with
future coronary heart disease: A meta-analytic review of prospective
evidence.JAm Coll Cardiol 53:936 -946.

6. Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, et al.
(2004): Accelerated telomere shortening in response to life stress. Proc
Natl Acad SciUS A101:17312-17315.

7. Parks CG, Miller DB, McCanlies EC, Cawthon RM, Andrew ME, DeRoo LA,
et al. (2009): Telomere length, current perceived stress, and urinary
stress hormones in women. Cancer Epidemiol Biomarkers Prev 18:551-
560.

8. Damjanovic AK, Yang Y, Glaser R, Kiecolt-Glaser JK, Nguyen H, Laskowski
B, et al. (2007): Accelerated telomere erosion is associated with a declin-
ing immune function of caregivers of Alzheimer’s disease patients.JIm-
munol 179:4249-4254.

9. Epel ES, Lin J, Dhabhar FS, Wolkowitz OM, Puterman E, Karan L, et al.
(2010): Dynamics of telomerase activity in response to acute psycholog-
ical stress. Brain Behav Immun 24:531-539.

10. Blackburn EH (2000): Telomere states and cell fates. Nature 408:53-56.

11. Donate LE, Blasco MA (2011): Telomeres in cancer and ageing. Philos
Trans R Soc Lond B Biol S5ci 366:76 - 84.

12. Kim M, Xu L, Blackburn EH (2003): Catalytically active human telomerase
mutants with allele-specific biological properties. Exp Cell Res 288:277-
287.

www.sobp.org/journal

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

L. Brydon et al.

. Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP, et

al. (2007): Leukocyte telomere length and cardiovascular disease in the
cardiovascular health study. Am J Epidemiol 165:14-21.

. Epel ES, Lin J, Wilhelm FH, Wolkowitz OM, Cawthon R, Adler NE, et al.

(2006): Cell aging in relation to stress arousal and cardiovascular disease
risk factors. Psychoneuroendocrinology 31:277-287.

. Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF, et al.

(2005): Obesity, cigarette smoking, and telomere length in women.
Lancet 366:662-664.

. Brouilette S, Singh RK, Thompson JR, Goodall AH, Samani NJ (2003):

White cell telomere length and risk of premature myocardial infarction.
Arterioscler Thromb Vasc Biol 23:842-846.

. Demissie S, Levy D, Benjamin EJ, Cupples LA, Gardner JP, Herbert A, et al.

(2006): Insulin resistance, oxidative stress, hypertension, and leukocyte
telomere length in men from the Framingham Heart Study. Aging Cell
5:325-330.

. Samani NJ, Boultby R, Butler R, Thompson JR, Goodall AH (2001): Telo-

mere shortening in atherosclerosis. Lancet 358:472-473.

. Bakaysa SL, Mucci LA, Slagboom PE, Boomsma DI, McClearn GE, Johans-

son B, et al. (2007): Telomere length predicts survival independent of
genetic influences. Aging Cell 6:769-774.

Cawthon RM, Smith KR, O'Brien E, Sivatchenko A, Kerber RA (2003):
Association between telomere length in blood and mortality in people
aged 60 years or older. Lancet 361:393-395.

Hawkley LC, Cacioppo JT (2004): Stress and the aging immune system.
Brain Behav Immun 18:114-119.

Schneiderman N, Ironson G, Siegel SD (2005): Stress and health: Psycho-
logical, behavioral, and biological determinants. Annu Rev Clin Psychol
1:607-628.

Chida Y, Hamer M (2008): Chronic psychosocial factors and acute physio-
logical responses to laboratory-induced stress in healthy populations: A
quantitative review of 30 years of investigations. Psychol Bull 134:829-885.
Brydon L, Strike PC, Bhattacharyya MR, Whitehead DL, McEwan J, Zach-
ary |, et al. (2010): Hostility and physiological responses to laboratory
stress in acute coronary syndrome patients. J Psychosom Res 68:109 -
116.

Scherwitz LW, Perkins LL, Chesney MA, Hughes GH, Sidney S, Manolio TA
(1992): Hostility and health behaviors in young adults: The CARDIA
Study. Coronary Artery Risk Development in Young Adults Study. Am J
Epidemiol 136:136-145.

Siegler IC, Peterson BL, Barefoot JC, Williams RB (1992): Hostility during
late adolescence predicts coronary risk factors at mid-life. Am J Epide-
miol 136:146-154.

Steptoe A, Hamer M, O'Donnell K, Venuraju S, Marmot MG, Lahiri A
(2010): Socioeconomic status and subclinical coronary disease in the
Whitehall Il epidemiological study. PLoS One 5:8874.

Marmot M, Brunner E (2005): Cohort profile: the Whitehall Il study. Int J
Epidemiol 34:251-256.

Contrada RJ, Jussim L (1992): What does the Cook-Medley hostility scale
measure? In search of an adequate measurement model. J Appl Psychol
22:615-627.

Cawthon RM (2009): Telomere length measurement by a novel mono-
chrome multiplex quantitative PCR method. Nucleic Acids Res 37:e21.
Nordfjall K, Svenson U, Norrback KF, Adolfsson R, Lenner P, Roos G
(2009): The individual blood cell telomere attrition rate is telomere
length dependent. PLoS Genet 5:21000375.

Aviv A (2004): Telomeres and human aging: Facts and fibs. Sci Aging
Knowledge Environ 2004:e43.

Cherkas LF, Aviv A, Valdes AM, Hunkin JL, Gardner JP, Surdulescu GL, et
al. (2006): The effects of social status on biological aging as measured by
white-blood-cell telomere length. Aging Cell 5:361-365.

Rubio MA, Davalos AR, Campisi J (2004): Telomere length mediates the
effects of telomerase on the cellular response to genotoxic stress. Exp
Cell Res 298:17-27.

Zhu J, Wang H, Bishop JM, Blackburn EH (1999): Telomerase extends the
lifespan of virus-transformed human cells without net telomere length-
ening. Proc Natl Acad Sci U S A 96:3723-3728.

Hemann MT, Strong MA, Hao LY, Greider CW (2001): The shortest telo-
mere, not average telomere length, is critical for cell viability and chro-
mosome stability. Cell 107:67-77.

Samper E, Flores JM, Blasco MA (2001): Restoration of telomerase activ-
ity rescues chromosomal instability and premature aging in Terc-/- mice
with short telomeres. EMBO Rep 2:800-807.



L. Brydon et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Aviv A, Chen W, Gardner JP, Kimura M, Brimacombe M, Cao X, et al.
(2009): Leukocyte telomere dynamics: Longitudinal findings among
young adults in the Bogalusa Heart Study. Am J Epidemiol 169:323-329.
Epel ES, Merkin SS, Cawthon R, Blackburn EH, Adler NE, Pletcher MJ, et al.
(2009): The rate of leukocyte telomere shortening predicts mortality
from cardiovascular disease in elderly men. Aging (Albany NY) 1:81-88.
Farzaneh-FarR, Lin J, Epel E, Lapham K, Blackburn E, Whooley MA (2010):
Telomere length trajectory and its determinants in persons with coro-
nary artery disease: Longitudinal findings from the heart and soul study.
PLoS One 5:e8612.

Low CA, Thurston RC, Matthews KA (2010): Psychosocial factors in the
development of heart disease in women: Current research and future
directions. Psychosom Med 72:842-854.

Aviv A (2002): Telomeres, sex, reactive oxygen species, and human
cardiovascular aging. J Mol Med 80:689 - 695.

Ranjit N, ez-Roux AV, Shea S, Cushman M, Seeman T, Jackson SA, et al.
(2007): Psychosocial factors and inflammation in the multi-ethnic study
of atherosclerosis. Arch Intern Med 167:174-181.

Graham JE, Robles TF, Kiecolt-Glaser JK, Malarkey WB, Bissell MG, Glaser
R (2006): Hostility and pain are related to inflammation in older adults.
Brain Behav Immun 20:389-400.

Carrero JJ, Stenvinkel P, Fellstrom B, Qureshi AR, Lamb K, Heimburger O,
et al. (2008): Telomere attrition is associated with inflammation, low
fetuin-A levels and high mortality in prevalent haemodialysis patients.
JIntern Med 263:302-312.

O'Donovan A, Lin J, Dhabhar FS, Wolkowitz O, Tillie JM, Blackburn E, et al.
(2009): Pessimism correlates with leukocyte telomere shortness and

47.

48.

49.

50.

51.

52.

53.

BIOL PSYCHIATRY 2012;71:767-773 773

elevated interleukin-6 in post-menopausal women. Brain Behav Immun
23:446-449.

Suarez EC, Kuhn CM, Schanberg SM, Williams RB Jr, Zimmermann EA
(1998): Neuroendocrine, cardiovascular, and emotional responses of
hostile men: The role of interpersonal challenge. Psychosom Med
60:78-88.

ChoiJ, Fauce SR, Effros RB (2008): Reduced telomerase activity in human
T lymphocytes exposed to cortisol. Brain Behav Immun 22:600-605.
Saretzki G (2009): Telomerase, mitochondria and oxidative stress. Exp
Gerontol 44:485-492.

Kurz DJ, Decary S, Hong Y, Trivier E, Akhmedov A, Erusalimsky JD (2004):
Chronic oxidative stress compromises telomere integrity and acceler-
ates the onset of senescence in human endothelial cells. J Cell Sci 117:
2417-2426.

Carroll JE, Marsland AL, Jenkins F, Baum A, Muldoon MF, Manuck SB
(2010): A urinary marker of oxidative stress covaries positively with
hostility among midlife community volunteers. Psychosom Med 72:273-
280.

Lin J, Epel E, Cheon J, Kroenke C, Sinclair E, Bigos M, et al. (2010): Analyses
and comparisons of telomerase activity and telomere lengthinhuman T
and B cells: Insights for epidemiology of telomere maintenance. JImmu-
nol Methods 352:71-80.

Wilson WR, Herbert KE, Mistry Y, Stevens SE, Patel HR, Hastings RA, et al.
(2008): Blood leucocyte telomere DNA content predicts vascular telo-
mere DNA content in humans with and without vascular disease. Eur
Heart J 29:2689 -2694.

www.sobp.org/journal



	Hostility and Cellular Aging in Men from the Whitehall II Cohort
	Methods and Materials
	Recruitment and Eligibility Criteria
	Hostility Measure
	Isolation of Peripheral Blood Mononuclear Cells
	Measurement of Leukocyte TL
	Measurement of Leukocyte TA
	Other Biological and Behavioral Variables
	Statistical Analyses

	Results
	Participant Characteristics
	Relative Leukocyte TL and TA
	Cynical Hostility
	Cynical Hostility and TL
	Cynical Hostility and TA
	Cynical Hostility and Short TL Coupled with High TA

	Discussion
	References


