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Abstract
Objectives ‒ Previous studies have suggested that experi-
mental pain sensitivity is associated with cognitive function.

The aim of this study is to assess this relationship in a large
population-based sample.
Methods ‒ We included 5,753 participants (aged 40–84
years) from the seventh wave of the population-based
Tromsø Study who had been examined with cognitive tests
and experimental pain assessments, and for whom informa-
tion on covariates were available. Cox regression models
were fitted using standardized scores on cognitive tests (12-
word immediate recall test, digit symbol coding test, and
Mini-Mental State Examination [MMS-E]) as the independent
variable and cold pressor or cuff pressure pain tolerance
as the dependent variables. Statistical adjustment was made
for putative confounders, namely, age, sex, education, smoking,
exercise, systolic blood pressure, body mass index, symptoms
indicating anxiety or depression, analgesic use, and chronic pain.
Results ‒ In multivariate analysis, cold pressor tolerance
time was significantly associated with test scores on the 12-
word immediate recall test (hazard ratio [HR] 0.93, 95%
confidence interval [CI] 0.90–0.97, p < 0.001), the digit
symbol coding test (HR 0.94, 95% CI 0.89–0.98, p = 0.004),
and the MMS-E (HR 0.93, 95% CI 0.90–0.96 p < 0.001).
Tolerance to cuff pressure algometry was significantly
associated with 12-word immediate recall (HR 0.94–0.97,
p < 0.001) and Digit Symbol Coding test scores (HR 0.93,
95% CI 0.89–0.96, p < 0.001) while there was no significant
association with Mini Mental State Examination test score
(HR 0.98, 95% CI 0.95–1.00, p = 0.082).
Conclusion ‒ Lower pain tolerance was associated with
poorer performance on cognitive tests.

Keywords: pain, cognition, experimental pain, cold pressor
test, cuff pressure algometry, immediate recall test, digit
symbol coding test, Mini-Mental State Examination

1 Introduction

Pain and cognition are intertwined. They are both pro-
cessed by wide networks of brain regions, which overlap
considerably, and several neurotransmitters and receptor
systems are involved in the processing of both pain and
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cognition [1]. People with chronic pain have lower perfor-
mance on cognitive tests, both in specific domains such as
attention, memory, and psychomotor speed and in screening
tests of general cognitive function such as Mini-Mental State
Examination (MMS-E) [1–3]. Proposed explanations of this
association include that pain occupies resources in brain
regions important for cognitive processing [4], or induces
unfavorable neuroplastic changes or release of neurochem-
ical mediators [2] that have adverse consequences for cogni-
tive processing. However, a bidirectional relationshipmust be
considered. Given the shared neuroanatomical and neuro-
chemical underpinnings [1] and the role of cognition in the
evaluative component of pain, it is reasonable to hypothesize
that variation in brain health and cognitive performance
could affect pain perception and modulation. While clinical
pain varies depending on the type and severity of the causal
pathology, experimental pain assessments provide a unique
opportunity for studying the relationship with a controlled
nociceptive stimulus, providing a critical test of this
hypothesis.

A relationship between experimental pain assessments
and score on tests of specific cognitive domains has been
found by several studies. Higher tolerance to the cold pressor
test (CPT) was associated with better performance on mea-
surements of cognitive inhibitory control, namely, stop-signal
[5] and Stroop [6–8] tasks. However, no association was found
between CPT tolerance and other tests of executive function
[6–8]. A study on pain sensitivity assessed by threshold and
tolerance to cuff pressure algometry (CPA) and thresholds
to manual pressure pain found no significant correlation
between these measures and stop-signal or Stroop tasks [9].
This suggests that the relationship might depend both on type
of experimental pain assessment and type of cognitive test.
Importantly, these studies have mainly included relatively
small convenience samples of healthy volunteers and hence
one cannot infer whether variation in cognitive function is
related to variation in pain sensitivity in the general popula-
tion. In a previous study by our group, it was shown that
longer pain tolerance, as measured by CPT, was associated
with higher performance on immediate recall and digit symbol
coding task [10] in a sample of 4,623 participants from a general
population. To our knowledge, this is the only study on a large,
population-based sample, and no studies have examined the
relationships between experimental pain assessments and
screening tests of general cognitive function.

In the present study, we aimed to expand the tests
used in our earlier work to include CPA tolerance as an
experimental pain method and MMS-E as an additional
cognitive test. This allowed for the assessment of whether
the association is consistent across different pain stimuli
(applied to different body parts) and another cognitive test,

in addition to test whether our previous findings could be
replicated in a new sample.

2 Methods

2.1 Study design and participants

We included all 5,753 participants of the seventh survey of
the population-based Tromsø Study, who had completed
cognitive testing and experimental pain assessment with
CPT and/or CPA tolerance test, and for whom information
on covariates were available (Figure 1). Details on design of
the seventh wave of the Tromsø study have been published
previously [11].

2.2 Cognitive tests

The cognitive assessments included three tests: (a) Immediate
12-word recall, a test of short-term verbal memory [12,13].
Twelve nouns were shown written on a board and read out
loud with 5 s intervals, before the participant was asked to
recall as many as possible within 2min (score 0–12 according
to the number of words recalled), (b) the digit symbol coding
test also used in the Wechsler Adult Intelligence Scale, which
measures motor speed, attention, and visuoperceptual func-
tions [14]. Nine numbers were paired with nine symbols, and
participants were asked to fill in symbols in blank numbered
squares using this key within 90 s (maximum score 96), and
(c) MMS-E, commonly used as a screening tool for dementia,
covers several domains on cognitive function including orien-
tation, memory, attention, and language (maximum score 30
points) [15,16].

2.3 Experimental pain assessment

In the CPT, the participants were asked to keep their hand
and wrist submerged in cold water (3°C) for as long as
they were able to or until the maximum time (120 s).
Constant temperature was ensured by continuous exchange
between the 13 L cold water bath and a circulating cooler
(FP40-HE, Julabo GmbH Germany). Time with hand in water
bath was used as a measure of CPT tolerance. CPA tolerance
was assessed by inflating a blood pressure cuff around one
leg at a time, by 1 kPa/s up to a maximum limit of 100 kPa.
Inflation and pressure were controlled by a CPA device
(NociTech, Aalborg, Denmark).
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The participant was instructed to press a button to stop
the test if the pain became unbearable. Pain tolerance was
recorded as kPa at button press (equal to endurance time
as the pressure increased by 1 kPa per second) or at the
maximum limit, whichever came first. For this study, result
from CPA on the non-dominant leg was used as there were
fewer missing on this variable than CPA on the dominant
leg. Reasons for exclusion included participants’ decline,
inability to comprehend instructions, or medical issues
that were considered to interfere or put the participant
at risk if exposed to cold or pressure to the calf.

2.4 Covariates

Information on covariates were obtained from on-site
measurements (systolic blood pressure and body mass

index [BMI]) or questionnaire (education level, smoking
[current, previous, or never daily smoking], exercise fre-
quency, symptoms of anxiety or depression measured with
the 10-item version of Hopkins Symptom Checklist [HSCL-10]
[17], frequency of analgesic use [prescription or non-prescrip-
tion], and presence of chronic pain [yes or no]) [11].

2.5 Statistical analyses

For descriptive purposes, participants were categorized as
pain tolerant or pain sensitive according to whether or not
they endured the full 120 s of CPT. Group differences were
evaluated with t-test or Wilcoxon rank-sum test for contin-
uous variables and with Pearson chi-square for categorical
variables. Kaplan–Meier curves were created for visualiza-
tion of CPT and CPA tolerance according to cognitive test

6755:elpmasAPC7835:elpmasTPC

663=n,ylnoAPC0125=n,APCdnaTPC771=n,ylnoTPC

A�ended 1st visit,  
n=21 083 

A�ended 2nd visit,  
n=8346 

Invited to 1st visit,  
n=32 591 

Excluded
Withdrew consent, n=3
Incomplete cogni�ve tes�ng, n= 700 
Missing informa�on on covariates, n=1554 

Invited to 2nd visit 
N=9253 

Incomplete cold pressor test, n=702 Incomplete cuff pain tolerance test, n=513 

Figure 1: Flow chart of participants of the seventh wave of the Tromsø Study and the present study. All inhabitants in the municipality of Tromsø aged
40 years or older were invited by postal letter and 64.7% participated. Among those invited, 13,028 were pre-marked for invitation to a second visit, if
they attended the first visit. At the first visit, participants completed questionnaires, and underwent blood sampling and clinical examinations,
including the CPT and CPA. At the second visit, extended examinations were performed, including cognitive testing. Participants were included in the
present study if they had completed cognitive testing (12-word immediate recall test, digit symbol coding test, and MMS-E), CPT, and/or CPA, and had
available information on covariates (age, sex, education, smoking, exercise, systolic blood pressure, body mass index, symptoms indicating anxiety or
depression, analgesic use, and chronic pain). Abbreviations: CPT, cold pressor test; CPA, cuff pressure algometry.
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scores (above or below mean for immediate recall and
coding test, for MMS-E according to whether score indi-
cated normal [score of 28–30 points], possible cognitive
impairment (25–27) or cognitive impairment [≤24]) [16].
In order to avoid the disadvantages related to dichotomiza-
tion, CPT and CPA tolerance and cognitive test scores were
used as continuous variables in the analyses. As CPT and
CPA tolerance times are right-censored due to the maximum
time, Cox proportional hazard models were fitted for analysis
with pain tolerance time to CPT and CPA as time variables
(censored at the 120 and 100 s maximum times) and test
abortion as event. Cognitive test scores, standardized by

z-transformation, were used as the independent variable.
Variables that were based on previous evidence could be
associated with both pain and cognition were treated as
potential confounders and added as covariates in three steps:
first age, sex, and education (Model 1), then additional adjust-
ment for smoking, exercise, BMI, blood pressure, and depres-
sion (Model 2), and last additional adjustment for chronic
pain and analgesic use (Model 3). Interaction terms were
tested for age, sex, and chronic pain by adding the respective
variable multiplied with cognitive test score. Since a substan-
tial proportion of the seventh survey participants also had
participated in the previous sixth survey of the Tromsø Study,

Table 1: Descriptive characteristics of all participants in CPT sample and according to CPT tolerance*

All participants
n = 5,387

Pain tolerant
n = 1,994 (37%)

Pain sensitive
n = 3,393 (63%)

P value**

Age in years, median (interquartile range) 63 (54–69) 63 (53–69) 63 (55–69) 0.457
Women, n (%) 2,793 (51.9) 904 (45.3) 1,889 (55.7) <0.001
Education, n (%) 0.003
Primary/secondary school, up to 10 years 1,278 (23.7) 442 (22.2) 836 (24.6)
Upper secondary, 3 years 1,538 (28.6) 535 (26.8) 1,003 (29.6)
College or university, 1–3 years 1,098 (20.4) 425 (21.3) 673 (19.8)
College or university, 4 years or more 1,473 (27.3) 592 (29.7) 881 (26.0)

Exercise <0.001
Never 176 (3.3) 46 (2.3) 130 (3.8)
Less than once per week 591 (11.0) 197 (9.9) 394 (11.6)
Once a week 748 (13.9) 246 (12.3) 502 (14.8)
2–3 times a week 2,316 (43.0) 887 (44.5) 1,429 (72.4)
Approximately every day 1,556 (28.9) 618 (31.0) 938 (27.7)

Smoking, n (%) <0.001
Never 2,169 (40.3) 910 (45.6) 1,259 (37.1)
Previous 2,595 (48.2) 887 (44.5) 1,708 (50.3)
Current 623 (11.6) 197 (9.9) 426 (12.6)

BMI in kg/cm2, mean value ± SD 27.3 ± 4.4 27.1 ± 4.2 27.4 ± 4.5 0.012
Systolic BP mean value ± SD 131.8 ± 19.3 132.7 ± 18.9 131.3 ± 19.6 0.010
Anxiety or depression (HCSL-10 ≥ 1.85), n (%) 339 (6.3) 106 (5.3) 233 (6.9) 0.024
Chronic pain yes, n (%) 1,854 (34.4) 668 (33.5) 1,186 (35.0) 0.278
Analgesics last four weeks <0.001
Not used 2,907 (54.0) 1,156 (58.0) 1,751 (51.6)
Less than weekly 1,663 (30.9) 568 (28.5) 1,095 (32.3)
Weekly 597 (11.1) 199 (10.0) 398 (11.7)
Daily 220 (4.08) 71 (3.6) 149 (4.4)

Immediate recall test score, mean value ± SD 7.5 ± 1.9 7.6 ± 1.9 7.4 ± 1.9 <0.001
Coding test score, mean value ± SD 44.8 ± 11.8 45.3 ± 11.7 44.5 ± 11.9 0.0145
MMS-E test score, median (interquartile range) 29 (27–29) 29 (27–30) 29 (27–29) 0.001
MMS-E deficit, n (%)
Normal 28–30 3,914 (72.7) 1,477 (74.1) 2,437 (71.8) 0.156
Possible impairment 25–27 1,263 (23.5) 448 (22.5) 815 (24.0)
Cognitive impairment 24 or lower 210 (3.9) 69 (3.5) 141 (4.2)

*Participants were categorized as pain tolerant if they endured the whole 120 s of the CPT, and pain sensitive if they withdrew their hand at an earlier
time. **P-value is for difference between pain-sensitive and pain-tolerant group, assessed with t-test for continuous variables and with Pearson chi-
square for categorical variables. As age and MMS were not normally distributed, Wilcoxon rank-sum test was used for difference between groups for
these variables. Abbreviations: CPT, cold pressor test; BMI, body mass index; HSCL-10: Hopkins symptom check list (10-item version); MMS-E: Mini
Mental State Examination.
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we performed a sensitivity analysis by excluding those who
had attended cognitive testing and CPT in the previous sixth
survey in order to assess the association in an independent
sample.

Analyses were performed in STATA (version 17 for
Windows; StataCorp LLC, Texas, USA).

3 Results

A sample of 5,387 participants were included for analysis
on CPT tolerance time (Figure 1). Median age was 63 years
(range 40–84) and 51.9% were women. In this sample, 1,994
(37%) kept their hand in the water until the maximum time
and hence categorized as pain tolerant, while 3,393 (63%)
withdrew it earlier and were categorized as pain sensitive
(categorization for descriptive purposes only). Pain-tol-
erant participants had a lower proportion of women, fewer
current smokers, and lower mean BMI, while their educa-
tion level, exercise frequency, and mean systolic blood
pressure were higher (Table 1). A higher proportion of
the pain-sensitive participants had an HSCL-10 score indi-
cative of anxiety or depression. Pain-sensitive participants
reported more frequent use of analgesic medication, while
the proportions who reported chronic pain were similar in
the two groups. The pain-tolerant participants had higher
mean scores on immediate recall and coding test and for
MMS-E, the upper limit of the interquartile range was
higher in this group indicating a distribution with more
participants with higher scores. There was no significant
difference in the proportions with possible or definite cog-
nitive impairment according to the levels of MMS-E scores.

Kaplan–Meier curves showing raw data of CPT toler-
ance time stratified by immediate recall and coding test
scores indicated that participants with a score below the
mean value tended to withdraw their hand from the water at
an earlier time (Figure 2). Kaplan–Meier curves of CPT toler-
ance time, according to MMS-E score group, indicated that
participants in lower categories of cognitive function showed
increased likelihood of hand withdrawal (Figure 2).

Multivariable adjusted analysis on the relationship
between cognitive test score and CPT tolerance time showed
a significant association between pain tolerance time and
cognitive test scores for all three tests (Table 2). Adding
covariates to the models had minimal impact on the rela-
tionships. For immediate recall, the hazard ratio (HR) was
0.93 (95% confidence interval [CI] 0.90–0.97, p < 0.001) when
adjusting for all covariates. The results for coding test and

Figure 2: Kaplan–Meier curves of CPT tolerance time by score on cog-
nitive test. Probability of keeping the hand in the water bath in partici-
pants stratified by scores on cognitive test. The maximum time was 120 s,
indicated by the dotted reference line. (a and b) For immediate recall and
coding test, participants are grouped according to test score above or
below mean. (c) For MMS-E, participants are grouped according to
whether the score is considered normal (score of 28–30 points), possible
cognitive impairment (25–27) or cognitive impairment (≤24). CPT: Cold
pressor test; MMS-E: Mini Mental State Examination.
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MMS-E were similar (HR 0.94, 95% CI 0.89–0.98, p = 0.004,
and HR 0.93, 95% CI 0.90–0.96, p < 0.001, respectively). Sen-
sitivity analysis showed that results were similar when 1,786
participants who had attended cognitive testing and CPT in
the previous sixth survey [10] were excluded (Table S1),
indicating the presence of association across independent
samples.

For analysis of CPA tolerance, 5,576 participants were
included (Figure 1), of whom 383 (6.9%) were CPA tolerant
and endured the full time of the test, while the majority
(n = 5,193, 93.1%) stopped the test at an earlier time.
Kaplan–Meier curves of CPA tolerance showed similar pat-
terns as for CPT for immediate recall and coding test, while
for MMS-E, the pattern was less clear (Figure 3). Analysis of
CPA tolerance showed similar findings as for CPT, with
scores of immediate recall and coding test significantly asso-
ciated with hazard of aborting the CPA test: when adjusting
for all covariates, HR was 0.94 (95% CI 0.91–0.97, p < 0.001) for
immediate recall and 0.93 (95% CI 0.89–0.96, p < 0.001) for
coding test. The association with MMS-E was weaker and was
not significant in the fully adjusted model (HR 0.98, 95% CI
0.95–1.00, p = 0.082) (Table 2).

We found a borderline significant interaction effect for
age on the relationship between immediate recall test and
CPT and a significant interaction effect on the relationship
between all three cognitive tests and CPA tolerance (Table S2).
Subgroup analysis indicated that the association between
immediate recall test and CPT was stronger in the youngest
age group (Table 3). For CPA tolerance, subgroup analysis
suggested stronger effect in the younger participants for
immediate recall and MMS-E, while stronger effect in the
oldest age group for coding test (Table 3). We found significant

interaction effect of sex on the association between MMS-E
and CPT. Analyses on this relationship stratified by sex sug-
gested somewhat stronger effect in men (Table 4). While sub-
group analysis suggests a somewhat stronger relationship
with immediate recall for women, the p-value of this interac-
tion term was not significant (p = 0.683). There was no signifi-
cant interaction effect of chronic pain on the relationship
between any of the cognitive test scores and CPT or CPA
tolerance time (Table S2).

4 Discussion

Our main finding was that pain tolerance for two different
experimental pain modalities, applied to hand and leg, was
associated with cognitive function across all three cogni-
tive tests. The results are similar to observations from the
sixth survey of Tromsø Study on the association between
immediate recall test and coding test and CPT [10], indi-
cating consistency across time and samples. While the
addition of CPA and MMS-E provides new information on
the association with these tests as well as consistency
across pain and cognitive assessments, replication of pre-
vious findings is in itself an important contribution: while
reproducibility is a cornerstone in science, it has been
shown that less than half of original effects were repro-
duced in a large study on replication of results from cog-
nitive and social psychology studies [18].

The main pattern emerging from our study is a con-
sistent association between cognitive test scores and pain
tolerance in a general population. The design of our study

Table 2: Cox regression analyses of the association between cognitive test scores and pain tolerance

Immediate recall test score
(standardized by z-transformation)

Coding test score (standardized
by z-transformation)

MMS-E test score (standardized
by z-transformation)

Cold pressor test (n = 5,387)
HR 95% CI p HR 95% CI p HR 95% CI p

Model 1: 0.92 0.89–0.96 <0.001 0.93 0.89–0.97 0.002 0.93 0.90–0.96 <0.001
Model 2: 0.93 0.90–0.97 <0.001 0.94 0.89–0.98 0.004 0.93 0.90–0.96 <0.001
Model 3: 0.93 0.90–0.97 <0.001 0.94 0.89–0.98 0.004 0.93 0.90–0.96 <0.001
Cuff pain tolerance test (n = 5,576)

HR 95% CI p HR 95% CI p HR 95% CI p
Model 1: 0.94 0.91–0.96 <0.001 0.92 0.89–0.95 <0.001 0.97 0.94–1.00 0.036
Model 2: 0.94 0.91–0.97 <0.001 0.93 0.89–0.96 <0.001 0.98 0.95–1.00 0.090
Model 3: 0.94 0.91–0.97 <0.001 0.93 0.89–0.96 <0.001 0.98 0.95–1.00 0.082

Analyses are Cox regression with cognitive test score, standardized by z-transformation, as independent variable and endurance time of CPT or cuff
pain algometry as outcome, adjusted for covariates as specified by model: Model 1: adjusted for sex, age, and education. Model 2: adjusted for age,
sex, education, smoking, exercise, body mass index, blood pressure, and depression. Model 3: adjusted for age, sex, education, smoking, exercise,
body mass index, blood pressure, depression, chronic pain, and analgesic use. Abbreviation: MMS-E: Mini Mental State Examination.
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Figure 3: Kaplan–Meier curves of CPA tolerance by score on cognitive
test. Probability of enduring CPA in participants stratified by scores on
cognitive test. The pressure increased by 1 kPa/s. The maximum pressure
was 100 kPa, indicated by the dotted reference line. (a and b) CPA
endurance by scores on immediate recall and coding test. Participants
are grouped according to test score above or below mean value. (c) CPA
endurance by MMS-E score. Participants are grouped according to
whether the score is considered normal (score of 28–30 points), possible
cognitive impairment (25–27) or cognitive impairment (≤24). CPA: Cuff
pressure algometry; MMS-E: Mini Mental State Examination.
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does however not allow for causal inference. Possible
explanations of a cross-sectional association are a causal
relationship where one variable is caused by the other or
vice versa, or both being caused by other variables (con-
founding). It seems reasonable that variation in cognitive
function could cause variation in pain tolerance. Plausible
interpretations of our findings are that cognitive function,
and/or brain conditions affecting cognitive function, affects
pain processing. This is supported by results from other stu-
dies that have shown that poorer cognitive performance pre-
dicts chronic pain in population-based and surgical cohorts
[19,20]. Reduced cognitive function in chronic pain popula-
tions may be a cause or risk factor for, rather than or in
addition to, a consequence of chronic pain.

A reverse association is possible, but does not seem as
plausible. Adjustment for possible confounders previously
known to be associated with both cognition and pain sen-
sitivity had little impact on the results. Adjustment for
chronic pain had minimal impact on the effect estimates,
and there was no interaction effect of chronic pain. This
may partly be due to the questionnaire-based definition of
chronic pain, where approximately one third of our sample
fulfilled this criterion (Table 1). However, our findings indi-
cate that there is a relationship between cognitive function
and pain tolerance that does not depend on chronic pain.

The pattern of age group differences in previous ana-
lysis on data from the sixth Tromsø Study [10] was not
supported in the present study. Significant interaction
effect of sex was seen for the relationship between MMS-
E and CPT tolerance, with small difference between sexes, but
not for the other cognitive test or with CPA as the outcome.
Inconsistent findings regarding the presence of interaction
effects and distribution of effects across strata may reflect
Type I error. The weaker association between MMS-E and
CPA tolerance might also be related to the ceiling effect in
MMS-E [21], which can make it less sensitive for variation
within a population in which most participants are cogni-
tively healthy.

Clinical relevance of experimental pain sensitivity is
suggested by such studies finding higher pain sensitivity to
be associated with chronic pain [22–24] and with subse-
quent postoperative pain [25] and non-recovery after acute
whiplash [26]. Though large prospective studies are lacking,
these findings suggest that experimental pain sensitivity
could be a risk factor for the development and severity of
chronic pain.

Our findings suggest that people with lower cognitive
performance are less tolerant to pain. Individuals with
cognitive impairments are likely underrepresented in our
study, due to lower probability of attendance to the Tromsø
Study and exclusion from experimental pain assessment if
understanding of instructions was insufficient. Consequently,
smaller variancewithin our sample could be expected toweaken
our results. Meanwhile, it seems likely that the association we
find in our sample is also present in these groups. This implies
that particular care should be taken by health professionals in
treatment of these groups, as painmight be experienced asmore
intense – or harder to deal with – by these persons.

4.1 Limitations and strengths

The major strengths of our study are the large sample
recruited from a general population, consistency with find-
ings from the previous study, and consistency across pain
modalities and cognitive tests. While there are some differ-
ences in CPT tolerance across the sixth and seventh wave
of the Tromsø study, these do not affect the relationship
with cognitive test scores. The cognitive tests in the Tromsø
study were selected based on their suitability to detect
early cognitive decline and to be used as screening tests
in a large number of participants, and are less suited for
identifying more specific cognitive deficits. Hence, we are
unable to distinguish associations with specific cognitive
functions from a more general deficit in cognitive ability,
which is a limitation to our study.

Table 4: Subgroup analyses of the association between cognitive test scores and CPT tolerance time according to sex

Immediate recall test score
(standardized by z-transformation)

Coding test score (standardized
by z-transformation)

MMS-E test score (standardized by
z-transformation)

CPT (n = 5,387)
HR 95% CI p HR 95% CI p HR 95%CI p

Men (n = 2,954) 0.95 0.90–1.01 0.075 0.94 0.88–1.01 0.089 0.91 0.86–0.96 <0.001
Women (n = 2,793) 0.92 0.88–0.97 0.001 0.94 0.88–0.99 0.029 0.95 0.91–0.99 0.016

Analyses are Cox regression with cognitive test score, standardized by z-transformation, as independent variable and time with hand in cold-water
bath as outcome, adjusted for age, education, smoking, exercise, body mass index, blood pressure, depression, chronic pain, and analgesic use.
Abbreviation: MMS-E: Mini Mental State Examination.
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5 Conclusion

Cognitive function assessed by immediate recall, coding
test, and MMS-E is associated with pain tolerance and these
associations are independent of the presence of chronic
pain. These findings replicate and extend previous find-
ings, and as such appear to be robust. In summary, there
is a consistent association between cognitive test scores and
pain tolerance, suggesting that people with poorer perfor-
mance on cognitive tests are more sensitive to pain.
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