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1   |   INTRODUCTION

Pain is among the most common complications in the 
early phase after stroke (Bovim et al.,  2018; Indredavik 
et al.,  2008; Langhorne et al.,  2000), and later many re-
port presence (Klit et al.,  2011) or development (Bovim 
et al.,  2018) of chronic pain. Pain after stroke includes, 

but is not limited to, specified post-stroke pain syndromes. 
It is also reported that stroke patients experience pain 
considered not to be stroke related (Bovim et al.,  2018; 
Indredavik et al.,  2008; Lundström et al.,  2009; Naess 
et al.,  2010), such as pain in the unaffected as well as 
the affected side (Jönsson et al., 2006; Naess et al., 2010). 
Several features of chronic post-stroke nociceptive or 
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Abstract
Background: Stroke lesions might alter pain processing and modulation by af-
fecting the widely distributed network of brain regions involved. We aimed to 
compare pain tolerance in stroke survivors and stroke-free persons in the general 
population, with and without chronic pain.
Methods: We included all participants of the sixth and seventh wave of the 
population-based Tromsø Study who had been tested with the cold pressor test 
(hand in cold water bath, 3°C, maximum time 106 s in the sixth wave and 120 s 
in the seventh) and who had information on previous stroke status and covari-
ates. Data on stroke status were obtained from the Tromsø Study Cardiovascular 
Disease Register and the Norwegian Stroke Register. Cox regression models were 
fitted using stroke prior to study attendance as the independent variable, cold 
pressor endurance time as time variable and hand withdrawal from cold water 
as event. Statistical adjustments were made for age, sex, diabetes, hypertension, 
hyperlipidaemia, body mass index and smoking.
Results: In total 21,837 participants were included, 311 of them with previous 
stroke. Stroke was associated with decreased cold pain tolerance time, with 28% 
increased hazard of hand withdrawal (hazard ratio [HR] 1.28, 95% CI 1.10–1.50). 
The effect was similar in participants with (HR 1.28, 95% CI 0.99–1.66) and with-
out chronic pain (HR 1.29, 95% CI 1.04–1.59).
Conclusions: Stroke survivors, with and without chronic pain, had lower cold 
pressor pain tolerance, with possible clinical implications for pain in this group.
Significance: We found lower pain tolerance in participants with previous stroke 
compared to stroke-free participants of a large, population-based study. The asso-
ciation was present both in those with and without chronic pain. The results may 
warrant increased awareness by health professionals towards pain experienced 
by stroke patients in response to injuries, diseases and procedures.
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neuropathic pain syndromes are overlapping, and shared 
pathophysiology has been suggested (Zeilig et al., 2013). 
As pain is processed in a widespread network in the brain 
(Coghill,  2020; Mercer Lindsay et al.,  2021), affection to 
any part of the network might alter pain processing, with 
possible implications for the occurrence and severity of 
acute, procedural and chronic pain in stroke patients.

Experimental pain studies allow for assessment of re-
sponses to controlled nociceptive stimuli, including pain 
thresholds, direct pain ratings or pain tolerance, reflecting 
various aspects of the individual's pain sensitivity. Such 
studies of stroke survivors are generally small and have 
often focused on the pathophysiology of specific post-
stroke pain syndromes (i.e. post-stroke shoulder pain 
[PSSP] and central post-stroke pain [CPSP]) or the con-
sequences of specific stroke lesion locations. Stroke par-
ticipants are often recruited from rehabilitation centres 
(Roosink et al.,  2011; Zeilig et al.,  2013) or pain centres 
(Tuveson et al., 2009), or inclusion criteria require speci-
fied deficits (Casey et al., 2012; Krause et al., 2016; Roosink 
et al., 2012), post-stroke chronic pain condition (Roosink 
et al., 2011; Soo Hoo et al., 2013; Tuveson et al., 2009) or 
stroke lesion location (Ruscheweyh et al., 2014). Studies 
on pain sensitivity in stroke survivors without chronic pain 
are scarce, but increased sensitivity is reported in 30 pain-
free cerebellar stroke patients (Ruscheweyh et al.,  2014) 
and in pain-free stroke control subjects (n < 30) in two 
studies (Krause et al., 2016; Roosink et al., 2011).

We aimed to compare pain tolerance assessed by the 
cold pressor test (CPT) in subjects with and without prior 
stroke, and with and without chronic pain, in the setting 
of a large population-based study.

2   |   METHODS

2.1  |  Study design and participants

We conducted an epidemiological study using data from 
the Tromsø study, which is a population-based multi-
purpose health study that has been carried out with in-
tervals of 6–7 years since 1974 (Jacobsen et al.,  2012). 
Participants are recruited through an invitation letter 
sent to whole birth cohorts and age-stratified random 
samples living in the municipality of Tromsø in Northern 
Norway. We used data from the sixth and seventh survey, 
carried out in 2007–2008 and 2015–2016 respectively. 
In Tromsø 6, 19,762 inhabitants above 30 years of age 
were invited and 65.7% participated (Eggen et al., 2013), 
while in Tromsø 7, all 32,591 inhabitants above 40 years 
of age were invited and 64.7% participated (Hopstock 
et al., 2022) (Figure 1). Participants completed question-
naires, provided blood samples and completed a range of 

clinical examinations, among them tests of experimental 
pain tolerance. Included in this study were 9935 partici-
pants of Tromsø 6 aged 40 years and above, and 11,902 
participants of Tromsø 7 who had not been included in 
the Tromsø 6 sample, who had completed the experi-
mental pain examination. Thus, two independent sam-
ples from Tromsø 6 and Tromsø 7 were analysed, and 
subsequent combined analysis was performed by pooling 
the two samples. Participants for whom information on 
stroke status and covariates were unavailable were ex-
cluded (Figure 1).

2.2  |  Ascertainment of stroke status

The Tromsø Study Cardiovascular Disease Register 
contains validated information on incident strokes 
of all subtypes in participants until 31 December 2014 
(31 December 2017 for subarachnoid haemorrhage). 
Information on ischaemic and haemorrhagic strokes 
occurring after 01 January 2015, was obtained from the 
Norwegian Stroke Register (Varmdal et al.,  2021). In 
both registries, strokes are defined in accordance with 
the WHO definition, as rapidly developed clinical signs 
of focal or global disturbance of cerebral function, lasting 
more than 24 h or until death, with no apparent cause 
other than vascular (WHO MONICA Project Principal 
Investigators,  1988). Strokes are classified as ischaemic 
if diagnostic imaging reveal an acute ischaemic lesion 
or rules out haemorrhage. Haemorrhagic strokes and 
subarachnoid haemorrhages are classified according to 
findings on diagnostic imaging. If no imaging has been 
performed in the acute phase, the stroke is defined as 
unclassifiable. The registries do not include information 
on stroke location or laterality. As the purpose of The 
Tromsø Study Cardiovascular Disease Register was to 
provide information on end points for study of cardiovas-
cular risk factors, only the first of each stroke type were 
registered. Data collection were done by expert review of 
medical records and hence very resource-intensive. The 
Norwegian Stroke Register was established in 2012 and 
includes information on ischaemic, haemorrhagic and 
unclassifiable strokes. After a validation study confirm-
ing sufficient quality (Varmdal et al.,  2021), it was de-
cided that data from The Norwegian Stroke Register was 
to be used for information on stroke status in the Tromsø 
Study from 01 January 2015.

We included participants in the stroke group if they 
were registered with ischaemic, haemorrhagic or unclas-
sifiable stroke or subarachnoid haemorrhage that had oc-
curred prior to participation. Transient ischaemic attacks 
were defined as ischaemic stroke when an acute ischaemic 
lesion was present on diagnostic imaging.
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2.3  |  Experimental pain examination

Pain tolerance was assessed with the CPT, where the par-
ticipants were asked to hold their hand and wrist in cir-
culating cold water, 3°C, for as long as they were able to 
or until a maximum time limit was reached. Controlled 
water temperature was ensured by using a cooling circula-
tor (FP40-HE, Julabo GmbH Germany) with continuous 
exchange to the vat in which the participant held their 
hand. Exclusion criteria for CPT included (a) participants 
declining to perform the test; (b) inability to comprehend 
and follow instructions; (c) amputation or paresis of the 
hand; (d) open sores on the hand; (e) medical issues that, 
in the participants experience, cold exposure would put 
them at risk of negative side effects, such as cold allergy, 
Raynaud's syndrome; (f) sensory or motor dysfunction 
if this could interfere or put the participant at risk. In 

Tromsø 6, the maximum time limit was 106 s, the domi-
nant hand was submerged. In Tromsø 7, the maximum 
time was 120 s, the non-dominant hand was submerged. 
For descriptive purposes, participants were classified as 
pain tolerant if they kept their hand in the cold water until 
the maximum time, and pain sensitive if they did not.

2.4  |  Covariates

To adjust for putative confounders, risk factors for 
stroke that could also affect pain tolerance were selected 
as covariates, namely age, sex, diabetes, hypertension, 
hyperlipidaemia, body mass index (BMI) and smoking. 
Diabetes was defined as self-reported diabetes, use of 
anti-diabetic medication or HbA1c ≥6.5%. Hypertension 
was defined as self-reported hypertension, use of 

F I G U R E  1   Flow chart of participants of Tromsø 6 and Tromsø 7 and this study. In Tromsø 6, 19,762 inhabitants above the age of 30 
were invited, selected by random sampling, whole birth cohorts or due to participation in previous waves. Participants aged 30–39 were 
excluded from analyses, in order to get similar groups for comparison in the stroke versus no stroke group as well as in the Tromsø 6 and 
Tromsø 7 cross-sectional samples. There were no strokes in this age group. In Tromsø 7, all inhabitants above the age of 40 were invited.

A�ended Tromsø 6
n = 12,984

A�ended Tromsø 7
n = 21,083

Invited Tromsø 6
n = 19,762

Invited Tromsø 7
n = 32,591

Included for cross-sec�onal 
analysis sixth wave

n = 9935

Included for cross-sec�onal 
analysis seventh wave

n = 11,902

Excluded, n = 3049
Withdrew consent, n = 3
Age 30–39, n = 509
Insufficient informa�on on stroke status, n = 10
Incomplete cold pressor test, n = 2406
Missing informa�on on covariates, n = 121

Excluded, n = 9181
Withdrew consent, n = 13
Included in analysis 6th wave, n = 7181
Insufficient informa�on on stroke status, n = 3   
Incomplete cold pressor test, n = 1864
Missing informa�on on covariates, n = 120

Combined sample of Tromsø 6 and Tromsø 7
n = 21,837
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antihypertensive medication or blood pressure above 
140 systolic or above 90 diastolic. Hyperlipidaemia was 
defined as use of lipid-lowering drugs or total choles-
terol/HDL ratio above 5. BMI was calculated using the 
formula weight/height2 (kg/m2). Smoking status was 
assessed by questionnaire as current, previous or never 
daily smoking. If any of the above-mentioned covari-
ates were missing, the participant was excluded from all 
analyses. Chronic pain was assessed by questionnaire 
(‘do you have persistent or constantly recurring pain 
that has lasted for 3 months or more?’) and information 
on this item was used for subgroup analysis in subsam-
ples with available information on this item. C-reactive 
protein (CRP) was added as an additional covariate in 
subsamples with available information on the item, to 
assess potential confounding from inflammation.

2.5  |  Statistical methods

Descriptive statistics are reported as counts and percent-
ages for categorical data, means and standard deviations 
for continuous variables. Group differences were evalu-
ated with t-tests for continuous variables and chi-squared 
tests for categorical variables. While participants were 
classified according to pain tolerance for descriptive pur-
poses, CPT tolerance time was used as a continuous right 
censored variable in the analyses, and hand withdrawal 
as the event. Kaplan–Meier plots were created for visu-
alization of CPT tolerance time. The effect of stroke on 
CPT was modelled using Cox proportional hazard meth-
ods. Censoring time was the maximum time limit of the 
test—106 s in Tromsø 6 and 120 s in Tromsø 7. Putative 
confounders were added to the model as covariates. 
Interaction effects were tested for age and sex by adding 
interaction terms to the model (stroke status multiplied 
with age and sex respectively). Additional adjustment was 
done for CRP in subsamples with available information 
on this item. Graphical check of the proportional hazards 
(PH) assumption confirmed that observed versus expected 
survival plots were overlapping and that log–log survival 
curves were parallel. Statistic test of scaled Schoenfeld re-
siduals confirmed that the PH assumption was met for the 
relationship between stroke and CPT tolerance time.

Separate analyses were performed for participants in 
Tromsø 6 and participants in Tromsø 7, as well as for the 
combined sample, with additional adjustment for study 
wave (Tromsø 6 or Tromsø 7). In the combined sample, 
subgroup analyses were performed for each stroke sub-
type separately (ischaemic stroke, haemorrhagic stroke 
or subarachnoid haemorrhage). Finally, chronic pain sub-
group analysis was performed on subsamples consisting of 
participants with or without chronic pain for participants 

with available information on this item (n = 9924 in 
Tromsø 6 and n = 11,086 in Tromsø 7).

Statistical analyses were performed using STATA ver-
sion 16.1 for windows (StataCorp LLC). Statistical signifi-
cance level was set to 0.05.

3   |   RESULTS

Descriptive characteristics of the samples are presented 
in Table 1. Among participants included from Tromsø 6, 
181 had a history of stroke prior to attendance, while there 
were 130 participants with prior stroke in the Tromsø 7 
sample. The majority of strokes were ischaemic (83%). 
Time between stroke and CPT was 35 days–44 years in 
Tromsø 6, and 30 days–44 years in Tromsø 7. Participants 
with a history of stroke were older and included fewer 
women, a higher proportion had diabetes, hypertension, 
hyperlipidaemia and were smokers and mean BMI was 
higher. The prevalence of chronic pain was similar in the 
two groups.

While the overall proportion who were pain tolerant 
was larger in Tromsø 6 than in Tromsø 7, the proportion 
of pain-tolerant subjects was lower in those with previous 
stroke than in those without stroke in both surveys (60.2% 
vs 68.3% in participants with and without previous stroke, 
respectively, in Tromsø 6, and 26.9% vs 36.4% in Tromsø 
7). Kaplan–Meier plots of CPT tolerance time by stroke 
status and sex are presented in Figure 2. Plot of baseline 
hazard of hand withdrawal according to stroke status is 
presented in Figure S1. In Cox proportional hazard mod-
els, participants with a history of stroke had decreased 
pain tolerance compared to participants without stroke 
in all three samples (Table  2). In the Tromsø 6 sample, 
previous stroke was associated with a 33% increased risk 
of hand withdrawal (HR 1.33, 95% CI 1.05–1.68), and the 
relationship remained significant when adjusting for age 
and sex and when adding additional covariates in the 
multivariable model (HR 1.42, 95% CI 1.12–1.80). In the 
Tromsø 7 sample, the association was similar (HR 1.30, 
95% CI 1.06–1.59) and remained significant when adjust-
ing for age and sex, but not after adjustment for additional 
covariates (HR = 1.22, 95% CI 0.99–1.49). In the analysis 
of the combined sample, HR was 1.31 (95% CI 1.13–1.53) 
and remained significant in all models (HR 1.28, 95% CI 
1.10–1.50 in multivariable analysis). Interaction terms for 
age or sex were not significant and were omitted from fur-
ther analyses. Additional adjustment for CRP in subsam-
ples with available information on this item had minimal 
impact on the results (HR 1.27, 95% CI 1.09–1.50 in com-
bined sample, n = 21,075).

In the combined sample, the association between 
stroke and pain tolerance was similar in participants 
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with and without chronic pain (multivariable adjusted 
HR 1.28 [95% CI 0.99–1.66] in participants with chronic 
pain [n = 7302] and 1.29 [95% CI 1.04–1.59] in participants 
without chronic pain [n = 13,708] in combined sample). 

The association was somewhat stronger for participants 
with chronic pain in the Tromsø 6 sample, and weaker for 
participants with chronic pain in the Tromsø 7 sample, 
compared to participants without chronic pain (Table 3).

F I G U R E  2   Kaplan–Meier plot of CPT tolerance time for women and men in Tromsø 6 and Tromsø 7. Probability of keeping the hand in 
the water bath for women and men, according to stroke status. In both study waves, participants with a history of stroke had increased rates 
of hand withdrawal from cold water bath. The maximum time was 106 s in Tromsø 6, indicated by reference line, while in Tromsø 7 it was 
120 s. CPT, cold pressor test.
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T A B L E  2   Cox regression analyses of the association between stroke and pain tolerance time.

Tromsø 6 Tromsø 7 Combined

HR 95% CI p HR 95% CI p HR 95% CI p

Crudea 1.33 1.05–1.68 0.016 1.30 1.06–1.59 0.011 1.31 1.13–1.53 <0.001

Model 1b 1.50 1.18–1.90 0.001 1.31 1.07–1.61 0.009 1.38 1.18–1.61 <0.001

Model 2c 1.42 1.12–1.80 0.004 1.22 0.99–1.49 0.062 1.28 1.10–1.50 0.002

Note: Analyses are Cox proportional hazards model with time with hand in cold-water bath as outcome and stroke status as independent variable. Hazard 
ratios above 1 indicate higher hazard of hand withdrawal, that is, lower pain tolerance. Tromsø 6: max time 106 s, 181 strokes. Tromsø 7: max time 120 s, 130 
strokes. Combined sample: 311 strokes.
Abbreviations: CI, confidence interval; HR, hazard ratio.
aCrude: no adjustment in Tromsø 6 or Tromsø 7, in combined sample adjustment for study indicator (Tromsø 6 or Tromsø 7).
bModel 1: adjusted for age and sex. In combined sample additional adjustment for study indicator.
cModel 2: adjusted for age, sex, diabetes, hypertension, hyperlipidaemia, body mass index and smoking. In combined sample additional adjustment for study 
indicator.
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In stroke type subgroup analysis in the combined 
sample (Table 4), the association was significant for isch-
aemic stroke (HR 1.35, 95% CI 1.14–1.59), but not for in-
tracerebral (HR 0.65, 95% CI 0.29–1.45) or subarachnoid 
haemorrhage (HR 1.50, 95% CI 0.97–2.35). However, 
the number of participants with haemorrhagic stroke 
and subarachnoid haemorrhage was quite low, 20 and 
28 participants, respectively, rendering this conclusion 
uncertain.

4   |   DISCUSSION

Our main finding was that individuals with a history of 
stroke have lower pain tolerance compared to individuals 
without stroke, in a large, general population-based sam-
ple. The finding was similar across study samples, and in 
subgroups with and without chronic pain. The association 
was also found in subgroup analysis of participants with 
ischaemic stroke, which constituted 83% of all included 
strokes. While the overall CPT tolerance time was shorter 
in Tromsø 7 than in Tromsø 6 in all participants, this 
did not affect the results from analyses comparing par-
ticipants with and without stroke. Inspection of Kaplan–
Meier plots of probability of keeping the hand in the water 
bath also suggest that the difference did not influence the 
shape of the curves.

Pain is a multidimensional experience processed in 
an extensive network of brain regions (Mercer Lindsay 
et al., 2021) and pain tolerance is likely to be influenced 
by its sensory-discriminative, affective-motivational and 
cognitive-evaluative dimensions as well as modulatory 
mechanisms. Altered sensitivity to pain in stroke patients 
may be due to stroke lesions affecting the somatosensory 
pathway and distributed corresponding to lesion location. 
While key regions and corresponding contributions to 
other dimensions of pain processing have been identified 
(Apkarian et al., 2005; Mercer Lindsay et al., 2021), a core 

T A B L E  3   Subgroup analysis of the association between stroke and pain tolerance time, in participants with or without self-reported 
chronic pain.

With self-reported chronic pain

Tromsø 6 (n = 3170) Tromsø 7 (n = 4132) Combined (n = 7302)

HR 95% CI p HR 95% CI p HR 95% CI p

Crudea 1.58 1.1–2.28 0.013 1.13 0.79–1.61 0.489 1.30 1.01–1.68 0.040

Model 1b 1.82 1.26–2.63 0.001 1.17 0.82–1.68 0.376 1.40 1.09–1.81 0.010

Model 2c 1.72 1.19–2.48 0.004 1.07 0.74–1.53 0.727 1.28 0.99–1.66 0.056

Without self-reported chronic pain

Tromsø 6 (n = 6754) Tromsø 7 (n = 6954) Combined (n = 13,708)

HR 95% CI p HR 95% CI p HR 95% CI p

Crudea 1.21 0.89–1.64 0.232 1.37 1.02–1.84 0.034 1.29 1.04–1.59 0.019

Model 1b 1.33 0.98–1.81 0.068 1.42 1.05–1.90 0.021 1.37 1.11–1.70 0.004

Model 2c 1.29 0.94–1.76 0.111 1.31 0.97–1.76 0.076 1.29 1.04–1.59 0.022

Note: Analyses are Cox proportional hazards model with time with hand in cold-water bath as outcome and stroke status as independent variable. Hazard 
ratios above 1 indicate higher hazard of hand withdrawal, that is, lower pain tolerance. Tromsø 6: max time 106 s, 181 strokes. Tromsø 7: max time 120 s, 130 
strokes. Combined: 311 strokes.
Abbreviations: CI, confidence interval; HR, hazard ratio.
aCrude: no adjustment in Tromsø 6 or Tromsø 7, in combined sample adjustment for study indicator (Tromsø 6 or Tromsø 7).
bModel 1: adjusted for age and sex. In combined sample additional adjustment for study indicator.
cModel 2: adjusted for age, sex, diabetes, hypertension, hyperlipidaemia, body mass index and smoking. In combined sample additional adjustment for study 
indicator.

T A B L E  4   Subgroup analysis of association between stroke and 
pain tolerance in stroke subtypes, in combined sample of Tromsø 6 
and Tromsø 7.

Stroke type
No. of 
strokes HR 95% CI p

Ischaemic 253 1.35 1.14–1.59 0.001

Haemorrhagic 20 0.65 0.29–1.45 0.294

Subarachnoid 
haemorrhage

28 1.50 0.97–2.35 0.071

Note: Analyses are Cox proportional hazards model with time with hand 
in cold-water bath as outcome and stroke status as independent variable, 
adjusted for study indicator (Tromsø 6 or Tromsø 7), age, sex, diabetes, 
hypertension, hyperlipidaemia, body mass index and smoking. Participants 
with other types of stroke were excluded from analysis (e.g. when doing 
analysis for ischaemic stroke, participants with haemorrhagic stroke or 
subarachnoid haemorrhage were excluded). Hazard ratios above 1 indicate 
higher hazard of hand withdrawal, that is, lower pain tolerance.
Abbreviations: CI, confidence interval; HR, hazard ratio.
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quality of pain processing and modulation is its distrib-
uted nature and high degree of interconnectivity. This 
entails that it is highly resilient; the ability to experience 
pain is rarely extinguished despite focal or widespread in-
jury in the brain (Coghill,  2020). However, the high de-
gree of interconnectivity also implies that a disruption 
can have consequences across multiple anatomical and 
temporal scales (Kuner & Flor,  2016), leading to altered 
function and plasticity. In the light of this, it is reasonable 
that a stroke can affect pain in ways that do not necessarily 
correspond to stroke lesion location but rather reflect its 
impact on the pain processing network and the dynamic 
interplay in it.

Previous studies using experimental pain assessments 
in stroke patients have found altered pain sensitivity 
in body regions corresponding to stroke lesion location 
in patients with PSSP (Roosink et al.,  2011, 2012; Soo 
Hoo et al.,  2013; Zeilig et al.,  2013) and CPSP (Krause 
et al.,  2016). Evidence of higher pain sensitivity in the 
ipsilateral/unaffected side, suggesting widespread hyper-
sensitivity, has been found in patients with PSSP (Roosink 
et al., 2011, 2012; Soo Hoo et al., 2013) and CPSP (Casey 
et al., 2012; Krause et al., 2016; Tuveson et al., 2009), as 
well as in stroke patients with sensory abnormalities, but 
not chronic pain (Krause et al., 2016) and pain-free cere-
bellar stroke patients (Ruscheweyh et al., 2014).

As previous evidence indicate that chronic pain is 
associated with increased pain sensitivity (Kosek & 
Ordeberg,  2000; Woolf,  2011), increased sensitivity (and 
correspondingly decreased CPT tolerance time) in stroke 
patients could conceivably be an effect of a post-stroke 
chronic pain condition such as CPSP or PSSP. However, 
we found similar association between stroke and pain 
tolerance in participants with and without chronic pain, 
suggesting that this was not the case. Increased pain sensi-
tivity in stroke patients without chronic pain is previously 
reported by smaller studies (i.e. n ≤ 30) (Krause et al., 2016; 
Ruscheweyh et al., 2014). This implies that increased pain 
sensitivity after stroke is not only a possible consequence 
of chronic post-stroke pain, but also a potential risk factor 
for it. This indicates that central sensitization could be a 
contributing factor in the pathophysiology of post-stroke 
pain syndromes, as previously suggested (Klit et al., 2009), 
and could also increase the risk and intensity of pain re-
lated to other diseases, injuries and medical procedures 
in stroke patients. Even though it is not yet clear how 
experimental pain assessments translate to clinical pain, 
relevance of CPT is supported by studies finding that 
lower CPT tolerance time is associated with increased 
risk of post-operative pain (Bisgaard et al., 2001) and with 
chronic pain (Stabell et al., 2013), while in one prospective 
study reduced CPT tolerance time at baseline was associ-
ated with non-recovery after whiplash (Kasch et al., 2005).

The possible clinical implications of lower pain tol-
erance have particular importance in stroke patients, 
considering the co-occurrence of aphasia and cognitive 
decline that render many of these patients with limited 
ability to communicate their pain (Edwards et al., 2020). 
If stroke patients are more sensitive to pain, or have more 
difficulty coping with it, this calls for awareness in health 
professionals.

4.1  |  Limitations and strengths

The strengths of our study are the large representative 
samples which allows comparison with stroke-free par-
ticipants of the general population, the inclusion of par-
ticipants with and without chronic pain and consistency 
of findings across study samples.

The study also has several limitations, of which the 
lack of details on stroke location and deficits is the most 
substantial. This precluded analysis of whether reduced 
pain tolerance is more pronounced on the hand contralat-
eral or ipsilateral to the stroke. However, hand paresis was 
an exclusion criterion for CPT and the participants were 
asked if they had sensory or motor dysfunction that could 
interfere with testing or put them at risk. If so, they were 
excluded or tested on the other hand. Due to this selection 
procedure, it is likely that stroke patients with severe defi-
cits are underrepresented in our study, which would be 
expected to weaken our results. Whether recurrent stroke 
or time since stroke is a factor in the relationship could 
not be evaluated as we did not have sufficient information 
on the number of strokes in each participant. Our study 
is observational and consequently does not allow causal 
inference, nor can it be excluded that the association may 
be due to unmeasured confounding. Pain assessments are 
poorly correlated (Janal et al.,  1994; Neziri et al.,  2011) 
and inference cannot be made directly from CPT to other 
pain stimuli or assessments. A previous study found 
shorter CPT tolerance time in cases with mild to moderate 
Alzheimer, while supra-threshold pain ratings were lower 
in the same group (Jensen-Dahm et al.,  2015). In our 
study, we cannot disentangle and explain the mechanistic 
underpinnings of lower CPT tolerance in stroke survivors.

5   |   CONCLUSION

Participants with a history of stroke have lower pain toler-
ance. This association is present in stroke survivors both 
with and without chronic pain. This may have impor-
tant clinical implications: these patients could be more 
sensitive to acute and procedural pain, and considering 
that many stroke patients have difficulty communicating 
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their symptoms, this calls for increased awareness among 
health professionals.
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