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BACKGROUND: While many studies have examined the impact

of pain-related coping in adjustment to chronic pain, relatively few

have evaluated the physiological consequences of differences in pain-

coping styles.

OBJECTIVE: The association between strategies for coping with

pain and cardiovascular functioning following exposure to painfully

cold water was evaluated.

METHODS: Impedance cardiography was used to assess cardiovas-

cular functioning in 50 healthy subjects before and after a cold pres-

sor test.

RESULTS: The self-reported use of active pain-coping strategies was

associated with reductions in mean arterial pressure and cardiac con-

tractility from pre- to post-cold pressor. In contrast, higher levels of

pain catastrophizing were related to increases in cardiac contractility

following acute cold pain. Importantly, coping variables predicted

cardiovascular responses, whereas characteristics of the noxious stim-

ulus (pain tolerance time and pain ratings) did not.

CONCLUSIONS: These findings highlight the importance of cop-

ing styles in shaping physiological responses to pain and suggest that

interventions targeting increases in adaptive coping and decreases in

pain catastrophizing may reduce pain’s adverse impact.
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Les types d’affrontement de la douleur 
prédisent la fonction cardiovasculaire après
une épreuve au froid

HISTORIQUE : De nombreuses études portent sur les répercussions de

l’affrontement de la douleur sur l’adaptation à la douleur chronique, mais

relativement peu d’études traitent des conséquences physiologiques des

différences de types d’affrontement de la douleur.

OBJECTIF : L’association entre les stratégies d’affrontement de la

douleur et le fonctionnement cardiovasculaire après l’exposition à l’eau

douloureusement froide a été évaluée.

MÉTHODOLOGIE : La cardiographie d’impédance a été utilisée pour

évaluer le fonctionnement cardiovasculaire de 50 sujets témoins avant et

après une épreuve au froid.

RÉSULTATS : L’utilisation déclarée par les intéressés de stratégies

actives pour affronter la douleur s’associait à des diminutions de la tension

artérielle moyenne et de la contractilité cardiaque avant et après l’épreuve

au froid. Par contre, des taux plus élevés de catastrophisation de la douleur

étaient reliés à des augmentations de la contractilité cardiaque après une

douleur aiguë au froid. Il est important de souligner que les variables

reliées à l’affrontement de la douleur prédisaient les réponses cardiovascu-

laires, contrairement aux caractéristiques des stimuli nuisibles (p. ex.,

temps de tolérance à la douleur et évaluation de la douleur).

CONCLUSIONS : Ces observations soulignent l’importance du type

d’affrontement de la douleur dans le modelage des réponses physio-

logiques à la douleur et laissent supposer que les interventions ciblant des

augmentations de l’affrontement adaptatif et des diminutions de la

catastrophisation de la douleur pourraient réduire les répercussions néga-

tives de la douleur.

How individuals cope with pain is a consistent predictor of
important clinical outcomes including pain severity, phys-

ical disability and psychological adjustment (1). Some have
argued that the most robust predictors of outcome are mal-
adaptive coping strategies (2), among which catastrophizing, a
negative emotional and cognitive response to pain involving
elements of magnification, helplessness and pessimism (3), is
most prominent. The frequency of catastrophizing is consis-
tently positively correlated with pain, negative affect and dis-
ability across many chronically painful conditions (3).

There are fewer laboratory-based investigations of pain-
related coping than there are chronic pain studies, but cross-sec-
tional relationships between catastrophizing and experimental
pain responses have been reported, with higher levels of cata-
strophizing being associated with higher pain ratings (4-6). In
general, these experimental studies focus on self-reported pain
responses (eg, pain ratings or pain tolerance); however, pain has

well-documented physiological consequences (eg, enhanced
cardiovascular activity, suppression of immune function and
release of cortisol) as well (7), and these may be equally impor-
tant measures of outcome. In particular, cardiovascular-related
health problems are often comorbid with chronic pain (8-10),
but we know relatively little about how pain-coping styles affect
pain-associated blood pressure (BP) reactivity and recovery.
Studying BP reactivity and recovery in acute pain models is
important, because BP responses to the cold pressor (CP) task
predict the later development of hypertension and other impor-
tant cardiovascular end points (11,12). In the present study, we
used impedance cardiography (ICG) to assess participants before
and after undergoing a CP task to study the association between
pain-coping styles and cardiovascular recovery. We hypothesized
that higher levels of pain catastrophizing would be associated
with prolonged reactivity, while greater use of active cognitive
coping would be related to more rapid and complete recovery.
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METHODS
Participants
Participants were 50 (25 women, 25 men) undergraduate students

(mean age 20.3±4.0 years; 48% black and 36% white) who partic-

ipated in the experiment for course credit. Subjects were excluded

if they reported major medical conditions or significant health

risks (eg, cardiac abnormalities or diabetes), current pain treat-

ment or current use of prescription analgesics, tranquilizers, anti-

depressants or other centrally acting agents. All procedures were

approved by Johns Hopkins University’s Institutional Review

Board.

Questionnaires
Coping strategies questionnaire: The coping strategies question-

naire (CSQ) is the most commonly used instrument to assess pain

coping (13). Its 48 items measure primarily cognitive dimensions

of pain-related coping (ie, catastrophizing; diverting attention;

coping self-statements; reinterpreting pain; and ignoring pain sen-

sations). Participants rated the frequency in which they used spe-

cific coping strategies on a seven-point Likert scale. The CSQ is

well validated (14) for use in both pain patients and healthy

adults, and CSQ responses correlate significantly with in vivo

reports of coping behaviours (15). Diverting attention, coping

self-statements, reinterpreting pain and ignoring pain sensations

subscales were averaged, which were significantly intercorrelated

(all r values >0.34, P values <0.01, mean r=0.40) to form a com-

posite active coping scale (16).

Profile of mood states: The profile of mood states (POMS)

(17) consisted of 72 mood related words; subjects indicate the

extent to which each item described their mood. The elated-

depressed subscale was used; it is a measure of recent negative

emotions, which shows good psychometric properties and sensitiv-

ity in studies of stress (18).

Procedures
Upon arrival at the laboratory, subjects provided written and verbal

informed consent and then completed the CSQ and POMS. Next,

subjects were instrumented for ICG. Subjects relaxed comfortably

in a semireclined position for 5 min, then 5 min of baseline data

were collected. Following collection of baseline cardiovascular data,

subjects underwent a CP task, during which the right hand was

immersed in a circulating water bath (Neslab, RTE-111, USA)

maintained at 5°C. Standardized instructions for the procedure

directed participants to keep their hands in the water for as long as

possible but explained that if the sensations became intolerable,

participants could remove their hands at any time. Each immer-

sion lasted for a maximum of 4 min, though participants were not

informed of this time limit. The time to cold pain tolerance

(CPTO) was recorded in seconds. After withdrawal of the hand,

participants rated the maximum pain intensity and pain unpleas-

antness experienced during CP on a scale of 0 to 20. After finish-

ing the CP procedure, the subjects relaxed comfortably for 5 min;

then, another 5 min cardiovascular assessment took place (ie, the

post-CP assessment).

Coping as a predictor of cardiovascular reactivity to the CP

was the intended study objective, but the majority of participants

removed their hands from the water bath before a reading could be

taken (approximately 45 s are required to obtain an ICG reading

with the devices used). Therefore, the changes in cardiovascular

functioning from pre- to post-CP were studied instead.

BP was measured using a Dinamap monitor (Critikon, USA);

additional cardiovascular measures were assessed using an ICG

system (CIC-1000, Sorba Medical System Inc, USA) with place-

ment of spot electrodes following standard guidelines (19), as in

previous CP studies (20,21). ICG uses a high-frequency current to

monitor the electrical resistance of the thorax to assess a variety of

contraction-related events throughout the cardiac cycle (22). The

ICG signal’s waveforms are then ensemble-averaged, and rates of

change and peak values of aortic blood flow are derived. The

CIC-1000 system averages waveforms over 30 s epochs to calculate

indices of fluid volume, cardiac timing and cardiac contractility,

etc. In the study, associations between pain-coping strategies and

the following variables were assessed: pre- to post-CP changes in

mean arterial pressure (MAP); stroke volume (SV); and the

Heather index (HI), a measure of contractility (23). ICG provides

reliable and valid data both for within- and between-group com-

parisons of hemodynamic profiles (19,24).

Data reduction and analysis
Descriptive statistics are reported as means ± SD. Measures of

cardiovascular function consist of mean values for each ensem-

ble-averaged epoch within a given 5 min period. The signifi-

cance of temporal changes was determined by repeated measures

ANOVA, with significance set at alpha=0.05. Cross-sectional

relationships between continuous variables were examined with

Pearson correlations, while predictors of changes (baseline to

post-CP) in cardiovascular variables were assessed with hierar-

chical multiple regression. The effect of coping was assessed only

after controlling for baseline cardiovascular function, CPTO and

depressed mood.

RESULTS 
As expected, values for ICG-derived variables were within
the normal range; no significant changes were observed from
pre- to post-CP (see Table 1). Mean ± SD CP tolerance was
39.9±57.6 s (range 4 s to 240 s). Pain ratings for the CP were
high; mean pain intensity was 17.2±2.6 on a 0 to 20 scale and
mean pain unpleasantness was 16.9±3.5. In general, mood
was moderately positive and the frequency of catastrophizing
was low compared with values reported for chronic pain
patients. Interestingly, catastrophizing and active coping
were not significantly associated with either CPTO or cold
pain ratings (all P>0.10), as previously observed (25).
Moreover, CPTO and cold pain ratings did not show signifi-
cant zero-order correlations with changes in cardiovascular
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TABLE 1
Measures of cardiovascular functioning, mood and pain-
coping (n=50)

Baseline t test for
(pre-CP) Post-CP change

Mean arterial pressure 93.0±11.4 94.4±11.9 0.8 (NS)

Stroke volume 118.9±55.0 120.6±55.0 1.3 (NS)

Heather index 9.9±3.7 10.0±3.8 0.3 (NS)

Measure

Elated-depressed (POMS) 24.3±5.4

Diverting attention (CSQ) 2.1±1.5

Reinterpreting pain (CSQ) 1.0±1.0

Coping self-statements (CSQ) 3.2±1.3

Ignoring pain (CSQ) 2.5±1.5

Catastrophizing (CSQ) 1.0±0.9

Data are presented as mean ± SD. CP Cold pressor; CSQ Coping strategies
questionnaire; NS Not significant; POMS Profile of mood states
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measures. Means and SDs for study variables are presented in
Table 1.

Predicting cardiovascular changes following the CP test
Sex, ethnicity and age were not related to baseline MAP, SV or
the HI (all P>0.10). In the regression predicting changes in
SV, baseline SV, CPTO, POMS depression scores and catastro-
phizing, all failed to contribute significantly to change scores,
and the global model was nonsignificant. The reported fre-
quency of active coping did approach significance (P=0.07),
with more frequent use tending to be associated with post-CP
reductions in SV.

In the models predicting changes in MAP and the HI, after
controlling for baseline values, CPTO and depression, active
coping was significantly associated with reductions in MAP
and the HI, while catastrophizing predicted increases in the HI
from pre- to post-CP (Tables 2 and 3).

DISCUSSION
In the present study of healthy young adults, styles of pain cop-
ing were important predictors of cardiovascular recovery fol-
lowing an acute noxious stimulus. Specifically, greater
self-reported use of active coping strategies was associated with
reductions in MAP and the HI, and catastrophizing was an
equally strong predictor of increases in the HI in the post-CP
period. Catastrophizing is only modestly correlated with the
use of other coping strategies (14) and is processed by distinct
brain circuits (26), so it is not surprising that catastrophizing
and active coping show slightly different patterns of associa-
tion with different cardiovascular parameters.

Because the overall means for MAP and the HI had
returned to baseline values by the post-CP assessment, we
should emphasize that this is a study of individual differences
in recovery (ie, some individuals showed post-CP elevations,
some had returned to baseline and some were below baseline
values). Importantly, these associations between pain coping
and changes in cardiovascular functioning were observed after
controlling for recent mood, suggesting that this was not sim-
ply an effect of affective state. We should also point out that
the duration of cold water exposure and ratings of its painful-
ness were unrelated to these changes, indicating that pain-
coping activities, especially cognitive processes, may be more
important determinants of physiological responses to pain than
are characteristics of the noxious stimulus. Other researchers
(11) have reported similarly large individual differences in
cardiovascular responses to a standardized noxious stimulus,
and such differences may be partially explained by the use of
differing coping strategies across individuals. Future work in
this area should also include assessment of in vivo coping

responses during the experience of pain, because these meas-
ures show stronger associations with perceptions of the
painfulness of particular stimuli (27).

Other recent evidence has linked coping processes with
physiological outcomes in the context of pain. Fibromyalgia
patients scoring high on a measure of catastrophizing showed
enhanced activation in the anterior cingulate cortex and other
regions associated with the affective dimension of pain (26);
higher levels of brain activity in these areas have been shown
to differentiate highly pain-sensitive individuals from less
pain-sensitive individuals (28). Previous work (29) in rheuma-
toid arthritis patients has also documented prospective associ-
ations between pain catastrophizing and disease activity, with
higher catastrophizing predicting worsening joint swelling
over the course of six weeks. Finally, we have recently shown
(30) that catastrophizing is prospectively related to prolonga-
tion of sensitization following acute dental pain, suggesting
that coping styles have long-term effects on the central nerv-
ous system’s processing of pain.

Although we were not able to directly assess mediators of
the observed effects, one may speculate that catastrophizing
and low levels of adaptive coping may result in slower habitu-
ation to cold pain. High catastrophizers are slower to disengage
their attention from pain (31), implying that catastrophizers
might have continued attending to residual sensations after
the CP task was over. Paralleling the results, other laboratory
studies have shown that increasing the uncontrollability of
pain (a feature of catastrophizing) produces increases in car-
diac reactivity (32). Finally, interpretations of pain related to
tissue damage (33) might have maintained elevated cardiovas-
cular activity among those who catastrophized or exhibited a
limited repertoire of adaptive pain coping skills.

Multiple limitations of the study require consideration.
First, we were unable to assess the impact of coping on car-
diovascular reactivity to pain; though the construct of recov-
ery is equally important, future investigations may benefit
from studying both together. Second, we did not assess
responses to non-noxious cold and,thus, we were unable to
determine whether these effects are pain specific or whether
they would apply to any cardiovascular challenge (eg, expo-
sure to cold ambient air temperatures). Third, in vivo pain
coping during the CP task was not assessed, rendering the
study’s conclusions somewhat speculative. However, the CSQ
has been used in previous work with the CP test (4), and diary
studies have reported significant, moderate associations
between CSQ responses (ie, a general measure of habitual
pain-coping) and in vivo, diary-based reports of pain coping
(15). Fourth, this was a healthy sample exhibiting relatively
low levels of catastrophizing, the effects of which may be
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TABLE 2
Predicting changes in Heather index (HI) from pre- to
post-cold pressor (CP) (n=50)

Step Variable R2 change F change Standardized ββ P

1 Pre-CP HI 0.09 4.9 –0.30 0.03

2 CP tolerance 0.01 0.4 –0.09 0.55

3 POMS depression 0.04 2.2 0.21 0.15

4 Active coping 0.06 3.1 –0.26 0.05

5 Catastrophizing 0.11 6.6 0.35 0.01

Final model: F(5,44)=3.8, P<0.05, R2=0.31. Negative standardized beta (β)
weights indicate an inverse relationship between the variable in question and
change scores for the HI (post-CP minus pre-CP). POMS Profile of mood states

TABLE 3
Predicting changes in mean arterial pressure (MAP) from
pre- to post-cold pressor (CP) (n=50)

Step Variable             R2 change   F change   Standardized ββ P

1 Pre-CP MAP 0.22 13.4 –0.47 0.001

2 CP tolerance 0.00 0.1 –0.04 0.76

3 POMS depression 0.00 0.2 0.05 0.69

4 Active coping 0.11 6.5 –0.32 0.01

5 Catastrophizing 0.00 0.1 0.03 0.82

Final model: F(5,44)=3.8, P<0.01, R2=0.33. Negative standardized beta
weights indicate an inverse relationship between the variable in question and
change scores for MAP (post-CP minus pre-CP). POMS Profile of mood states
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magnified in a clinical sample. Finally, participants under-
went a very brief period of noxious stimulation, over which
they had complete control; this situation is only marginally
analogous to that of patients in chronic pain, and demon-
strating its clinical relevance requires further investigation.

Despite its limitations, the present work adds to the litera-
ture linking coping processes with pain-related physiological
outcomes. At least one previous study (34) has suggested that
active cognitive coping predicted reduced cardiovascular reac-
tivity to pain, though prior research has not generally exam-
ined catastrophizing. It is clear that catastrophizing is
prospectively associated with worsening depression and
increasing disability (3). The present findings suggest the possi-
bility that higher levels of catastrophizing and lower levels of
active coping may also be associated, over the long term, with

less adaptive cardiovascular responses to pain and pain-related
stress. These findings hint at the potential utility of studying
coping effects on the cardiovascular system in the context of
chronic pain, given that substantial cardiovascular morbidity
has been observed in some chronically painful conditions
(8). A number of prospective epidemiological studies (11,12)
have now indicated that BP responses to the CP task predict
the later development of hypertension and other important
cardiovascular end points; future work in this area may bene-
fit from assessment of pain-coping processes during the expe-
rience of acute pain. In summary, though these findings are
exploratory in nature, the present investigation highlights
the role that coping strategies may play in determining phys-
iological, as well as affective and behavioural, responses to
the experience of pain.
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