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Methods: This was a cross-sectional study nested within the Tromsg-6 survey.

from the Extrafoundation for Health and
Rehabilitation Neuropsychological test performance and the cold pressor test were investigated in
4,623 participants. Due to significant interaction with age, participants were divided
into three age groups (<60, >60 to <70 and >70 years). Cox proportional hazard
models assessed the relationship between neuropsychological tests and cold pres-
sure pain tolerance, using hand-withdrawal as event. The fully adjusted models con-
trolled for sex, education, BMI, smoking status, exercise, systolic blood pressure,
sleep problems and mental distress.

Results: In the adjusted models, participants aged >70 years showed a decreased
hazard of hand withdrawal of 18% (HR 0.82, 95% CI (0.73, 0.92) per standard devia-
tion on immediate verbal recall, and a decreased hazard of 23% (HR 0.77, 95% CI
(0.65, 0.08) per standard deviation on psychomotor speed. Participants aged >60 to
<70 years had a significant decreased hazard of 11% (HR 0.89, 95% CI (0.80, 0.98)

per standard deviation on immediate word recall. In participants aged <60 years,
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with age.

1 | INTRODUCTION

Pain is a complex phenomenon, which includes sensory-dis-
criminative, motivational-affective and cognitive-behavioral
factors (Melzack & Casey, 1968; Turk & Melzack, 2011).
Due to its complex nature, cognitive processing is required
whenever pain is to be consciously registered.

Neuropsychological tests (or tasks) infer adequacy of
cognitive processes through theories about the functioning
of underlying neuronal correlates. Within pain research, both
neuropsychological tests and underlying theory has been
criticized for lack of reliability and delineation (Moriarty,
McGuire, & Finn, 2011). Still, neuropsychological tasks are
commonly used to investigate how a painful experience is
correlated or associated with cognitive performance (Landrg
etal.,2013). Subsequent data have led to a theory, stating that
pain demands cognitive resources and therefore limits cog-
nitive functioning due to interference with neural networks
(Legrain et al., 2009; Moriarty et al., 2011). Such interfer-
ence could explain cognitive dysfunction in individuals with
persistent pain. This is a frequent and debilitating complaint,
and therefore, it warrants extensive study.

Existing lines of research seem to indicate a bidirectional
relationship, where experiencing pain is associated with low-
ered neuropsychological performance, and lowered neuro-
psychological test performance alters the experience of pain.

In studies of experimental pain tolerance there are data
to suggest that inhibitory capacity (Oosterman, Dijkerman,
Kessels, & Scherder, 2010) and visuospatial skills
(Terrighena, Shao, & Lee, 2017) influence pain tolerance in
healthy participants. Moreover, that reduced pain tolerance
indicates reduced cognitive inhibition or cognitive control.
Data also points to age playing an important role in the pres-
ence and/or severity of the changes in neurocognitive sub-
strates and how they affect pain tolerance (Marouf et al.,
2014).

Numerous studies have focused separately on age-related
changes in the pain experience or on age-related changes in
cognitive functioning (Oosterman & Veldhuijzen, 2016).
However, little is known about the relationship between these
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there was a decreased hazard of 14% (HR 0.86 95% CI: 0.76, 0.98), per standard
deviation on psychomotor speed.

Conclusion: Better performance on neuropsychological tests increased pain toler-
ance on the cold pressor test. These exposure effects were present in all age groups.
Significance: This paper describes substantial associations between cognitive func-
tioning and cold pressor tolerance in 4,623 participants. Reduced psychomotor speed
and poor verbal recall gave greater odds for hand-withdrawal on the cold pressor

task. The associations were stronger in older participants, indicating an interaction

two factors (Oosterman & Veldhuijzen, 2016). The available
studies are few and conflicting, but in younger participants
pain ratings appear inversely related to memory and executive
function. In older adults, pain ratings are either not associated
or increase with better neuropsychological test performance
(Oosterman, Gibson, Pulles, & Veldhuijzen, 2013). Data
from those with cognitive impairments due to ageing further
supports the notion that pain processing appears to change
with age (Defrin et al., 2015; Marouf et al., 2014).

There is, however, a palpable lack of studies investigating
how age and neuropsychological test performance is related
to the pain experience in larger samples (Berryman et al.,
2013; Moriarty et al., 2011). Although numerous randomized
studies on cognitive performance and experimental pain tol-
erance typically range from 20 to 50 participants (Oosterman
et al., 2010, 2013; Santarcangelo et al., 2013; Terrighena et
al., 2017). Such limited sample sizes present two significant
problems.

First, the phenomenon reported might be due to large indi-
vidual variation in low sample sizes. Second, a confounding
variable might explain in part, or fully, the reported associ-
ations. To exemplify such confounding, experimental pain
tolerance have been shown to be affected by sex (Alabas,
Tashani, Tabasam, & Johnson, 2012), body mass index
(BMI) (Price, Asenjo, Christou, Backman, & Schweinhardt,
2013), sleep problems (Lautenbacher, Kundermann, & Krieg,
2006), depression (Dickens, McGowan, & Dale, 2003), anx-
iety (Bruehl, Carlson, & McCubbin, 1992), blood pressure
(Myers, Robinson, Riley, & Sheffield, 2001) and physical ex-
ercise (Meeus, Roussel, Truijen, & Nijs, 2010).

Thus, the primary aim of this study was to use data from
an existing large-scale study to establish or reject a link be-
tween the performance on neuropsychological tests and ex-
perimental pain in different age groups. We wanted to test
the hypothesis that pain tolerance on the cold pressor test
was associated with performance on three neuropsycholog-
ical tests in different age groups, while controlling for sex,
education, BMI, smoking status, exercise, systolic blood
pressure, sleep problems mental distress, chronic pain and
the use of analgesics.
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MATERIALS AND METHODS

2.1 | Setting and participants

The Tromsg study is a population-based study with partici-
pants recruited from the municipality of Tromsg in Northern
Norway. The study thus far consists of seven health sur-
veys, carried out every sixth or seventh year since 1974.
All the surveys include questionnaire data, sensory testing
and clinical measurements. The aim has been to include
large, representative samples of the Tromsg population,
with invitation of whole birth cohorts and random samples.
For a detailed description of the sampling procedure and
selection choices, see Jacobsen and colleagues (Jacobsen,
Eggen, Mathiesen, Wilsgaard, & Njglstad, 2012). The
different surveys are referred to as Tromsg 1-Tromsg 7.
The current investigation is a cross-sectional design based
on data from the Tromsg 6 survey (data collected from
October 2007-December 2008).

The sample in Tromsg 6 was recruited as follows: a 10%
random sample of individuals aged 30-39 (n = 1,056),
all residents aged 40-42 and 60-87 (n = 12,578), a 40%
random sample of inhabitants aged 43-59 (n = 5,787) and
all subjects who had attended the second visit of Tromsg
4, but who were not already included in the three groups
above (n = 341). Of the invited 19,762 individuals, 65.7%
participated in the Tromsg 6 survey (n = 12,984). Three
participants later withdrew consent, making the number of
participants 12,981. Of these, 53.4% were women and age
ranged from 30 to 87. Sampling procedures are detailed
in multiple publications (Arntzen, Schirmer, Wilsgaard, &
Mathiesen, 2011; Eggen, Mathiesen, Wilsgaard, Jacobsen,
& Njolstad, 2013).

All participants in Tromsg 6 were asked to participate in
the cold pressor test, but a pre-defined subgroup of 7,307 par-
ticipants (subjects older than 35 years of age) was also invited
to attend cognitive testing. However, some were turned away
due to capacity problems (lack of sufficient research staff to
conduct assessments during peak hours, or when research
staff was ill). The total pool of potential participants who
attended at least one cognitive test was 5,797 participants.
Of these, 4,472 participants had complete data on all cogni-
tive tests and were suited for inclusion in the current study.
Participants went through the cold pressor task and cognitive
testing with a 1 week interval, first they performed the cold
pressor task, then a week later they performed the cognitive
tests.

2.2 | Ethics

Tromsg 6 was approved by the Data Inspectorate of Norway
and the present study was approved by the Regional
Committee of Medical and Health Research Ethics, Northern

Norway. The study complies with the Declaration of Helsinki,
International Ethical Guidelines for Biomedical Research
Involving Human Subjects and the International Guidelines
for Ethical Review of Epidemiological Studies. Participation
was voluntary. Each subject gave written informed consent
prior to participation.

2.3 | Dependent variable

231 |

A 3°C circulating water bath (Julabo PF40-HE, JULABO
Labortechnik GmbH, Seelbach, Germany) connected to a 13
L external plexiglass container with a flow of 22 L/Min, was
used in the cold pressor test.

The procedure began by having participants seated in
a comfortable chair with instructions to relax. Then, par-
ticipants were asked to submerge their dominant hand up
to the wrist in the cold water, with instructions to continue
until their pain tolerance was reached, or the full test was
completed (106 s). If the test official was asked by the par-
ticipant about when to withdraw, instructions given by the
official were “to hold for as long as you are able”. The
choice of 106 s was due to extensive pilot data indicating
that only a very small percentage of participants withstand-
ing cold pressor pain in 106 s, consequently withdrew their
hand before reaching a pre-specified 3-min mark. When
testing the number of subjects in the Tromsg 6 study, a full
3-min test compared to 106 s would increase the cumula-
tive workload with 142 hr on research technicians. Also we
considered that longer exposure could represent a safety
issue in this elderly population Therefore, the 106 s bench-
mark was chosen to increase the feasibility and minimize
the risk. Pain tolerance was defined as the number of sec-
onds submerged in those pulling their hand out of the water
before reaching the full mark of 106 s. The time at which
they pulled their hand out was then used as measure of pain
tolerance and as the event in the Cox proportional hazards
models. For illustration and figure purposes, participants
were described as pain sensitive and pain tolerant based
on whether or not they withdrew their hand from the cold
water before 106 s.

Cold pressor test

2.3.2 | Neuropsychological tests

Cognitive function was assessed by three standardized
tasks, chosen for their feasibility as screening tests in an
epidemiological setting with a large number of partici-
pants. The chosen tests have been found to predict early
cognitive decline in population-based studies (Knopman
et al., 2001; Palmer, Biackman, Winblad, & Fratiglioni,
2003). In addition, the relationship between the ability to
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withstand experimental pain, cognitive functioning and
how this could relate to differential cognitive load has been
described in earlier publications (Eccleston, 1994). The
tests chosen in the current study are classified as easy (rec-
ognition), moderate (immediate verbal recall) and taxing
(psychomotor speed).

In the word recognition test (recognition) a list of words
is presented, including the 12 nouns from the previous recall
task, alongside 12 random distractor items. Here the par-
ticipants receive 2 points for each word identified from the
noun list (hits), giving a perfect score of 24, with a range
from O to 24.

The 12-word memory test (immediate verbal recall) is a
test of immediate recall and working memory. Participants
provide an immediate free recall of 12 nouns that were
shown written on a board and also pronounced one at a
time with a 5-s interval. The participants then had 2 min to
recall the words. One point was given for each word cor-
rectly recalled, giving a range from O to 12 points (Arntzen
et al., 2011).

The Digit Symbol Coding test (psychomotor speed)
is a part of the Wechsler adult intelligence scale (WAIS)
(Wechsler, 2008) and is used to examine psychomotor
speed. The digit symbol substitution task consists of rows
containing small blank squares, each paired with a ran-
domly assigned number from one to nine. Above these rows
there was a printed key that paired each number with a dif-
ferent nonsense symbol. Following a practice trial on the
first seven squares, the subjects were asked to consecutively
fill in as many as possible of the blank spaces with the cor-
responding symbol within 90 s. Subjects were encouraged
to perform the task as quickly and accurately as possibly
without skipping numbers.

24 | Covariates

The participants completed two self-administered question-
naires  (https://uit.no/forskning/forskningsgrupper/sub?p_
document_xml:id=367276&sub_xml:id=387084), both
questionnaires were filled out before testing commenced and
were given to the participants at the day of testing to provide
self-reported data about the selected covariates. The reason
for having two questionnaires is that the first was filled out
by every participant in the entire study population (12,981)
and the latter only by those who attended cognitive testing
and other more extensive tests.

Age and sex were obtained from the Norwegian Central
Population Registry.

Information about educational level was obtained from
Q1, where education was coded as 1 (Primary/secondary
school and modern secondary school), 2 (Technical school,
vocational school and 1-2 years senior high school), 3
(High school diploma), 4 (College/university less than
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4 years), 5 (College/university 4 years or more) (Myrtveit
et al., 2016).

Data on smoking and exercise were also obtained from
items in the Q1 “Are you a daily smoker?” Smoking was
coded as 0 (no), 1 (yes, previously), 2 (yes, currently).
Exercise was obtained from asking “How often do you ex-
ercise?” and coded as O (Never), 1(less than once a week), 2
(Once a week), 3 (2-3 times a week), 4 (approximately every
day) (Myrtveit et al., 2016).

Systolic blood pressure was recorded with an automatic
device (Dinamap Vital Signs Monitor, Tampa, FL, USA) by
specially trained personnel (Myrtveit et al., 2016).

Height and weight were measured in centimetres and ki-
lograms, respectively. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of the height in
meters (kg/mz) (Myrtveit et al., 2016).

Symptoms of anxiety and depression were assessed with
the Hopkins Symptom Checklist- (HSCL-) 10. Participants
scoring >1.85 were classified as having high symptomatol-
ogy of anxiety and depression (Derogatis, Lipman, Rickels,
Uhlenhuth, & Covi, 1974).

Sleep problems was assessed by a single item: “Difficulty
in falling asleep or staying asleep” and coded as 0 (Not both-
ered at all), 1 (A little bothered), 2 (Quite bothered), 3 (It
bothers me a lot) (Myrtveit et al., 2016).

Chronic pain was assessed by the following question (yes/
no):

“Do you have persistent or frequently recurring pain that
has lasted for 3 months or more?” (Myrtveit et al., 2016).

The use of analgesics was assessed by the following item
“How often have you used painkillers [with]/[without] pre-
scription during the last four weeks?” and was coded as 0
(Not used), 1 (Less than every week), 2 (Every week, but not
daily), 3 (Daily).

2.5 | Statistical analyses

Demographical data from participants were presented using
frequencies (dichotomous variables) or means and standard
deviations (SD) where appropriate.

The analytic approach used Cox proportional hazard
models to investigate the effect of recall, coding and rec-
ognition (exposure) on cold pressor tolerance (outcome).
The results are presented with the neuropsychological tests,
systolic blood pressure and BMI being Z-transformed, giv-
ing scores a common standard of zero as mean and unity
standard deviation, and thereby facilitating their interpre-
tation. The value of the z-score shows how many standard
deviations the individual participants' result deviates from
the mean. When a z-score is 0, the test score is equal to
the mean. When a z-score increases by +1, this means that
the result is equal to one standard deviation (SD) above the
mean of the test score.


https://uit.no/forskning/forskningsgrupper/sub?p_document_xml:id=367276&sub_xml:id=387084
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>60 to <70 years

TABLE 1
neuropsychological tests by age groups. The

Performance on the

>70 years of age

<60 years of age of age
No Mean (SD) No Mean (SD)
Age, years 1,420 53.7 (4.1) 2,068  63.6 (3.0)
Verbal memory 1,418 7.2 (1.8) 2,062 6.7 (1.8)
test”
Word recognition 1,407 20.7 (3.3) 2,051 19.6 (3.9)
b
test
Digit-Symbol 1,395 469 (11.4) 2,024  40.0 (11.7)

coding test®

Tromsg Study 2007-2008

No Mean (SD)

1,135 75.1 (4.0)
1,129 5.6(1.9)
1,107 18.4 (4.8)
1,086  28.5(10.9)

Note: Table shows participants stratified on age and presented as group 1 (<60), 2 (>60 to <70) and 3 (>70).

SD, Standard deviation
Scores are given as the number of correct words recalled (0—12).

bScores are given as the number of correct words recognized from a list of words (0-24).

“Scores are given as the number of right symbols coded (0-96).

Cox proportional hazard models were used to estimate
hazard ratios for hand withdrawal on the cold pressor
test. One model was assessed for each of the three neuro-
psychological tests (recall, coding and recognition) con-
trolling for gender, education, smoking, exercise, systolic
blood pressure, insomnia, mental distress and body mass
index. To investigate two-way interactions with age, three
independent Cox proportional hazard models were used
that included age as a continuous variable alongside cross
product terms between age and the three neuropsychologi-
cal tests. When interaction was established, we performed
subgroup analyses with three optimal age categories
based on a graphical visualization using a histogram of
participant age distribution (<60, >60 to <70 and >70).
All covariates were added in the model simultaneously:
education level (0-3), BMI (z-transformed), smoking sta-
tus (0-2), Sleep problems (0-3), Systolic blood pressure
(z-transformed), HSCL-10 (<1.85 or >1.85), analgesics
(0-3) and chronic pain (0 or 1). The proportional haz-
ard assumption was assessed by graphical inspection of
log minus log survival curves (per quartile for continuous
variables).

All statistical tests were two-sided using a significance
level of 0.05. Statistical analyses were conducted with SPSS
version 22.0 (IBM Corporation, Armonk, NY).

3 | RESULTS

The median age of the 4,472 participants which completed
cognitive testing was 62 years and 44.9% were men. The
participants had a mean BMI of 27.2 (SD 4.2) and mean
systolic blood pressure of 140.9 (SD 22.6). The partici-
pants mean scores on coding, recognition and recall are
detailed in Table 1. Participant demographics are further
detailed in Table 2.

3.1 | Testing exposure from recall,
coding and recognition on cold
pressor tolerance

Recognition did not have a significant main effect when in-
cluding age as a continuous variable, thus the variable was
excluded from further analyses.

In the age stratified analysis of the first age group
(<60 years), there were no significant associations between
immediate verbal recall and cold pressor tolerance. There was
however a 14% decreased hazard of hand withdrawal from
the water per standard deviation on the coding test (hazard
ratio (HR) 0.86, 95% confidence interval (CI) (0.76, 0.98),
p = 0.02), controlling for all covariates. Moreover, there was
a 17% reduced hazard of participants' hand withdrawal if they
performed one standard deviation above the mean (HR 0.83,
95% CI (0.69, 0.99), p = 0.002).

When testing our hypothesis in the second age group (=60 to
<70 years) the data showed a decreased hazard of 11% (HR 0.89,
95% CI (0.80, 0.98), p = 0.017) of pulling your hand out of the
water per standard deviation on the immediate word recall test,
when controlling for all covariates. Performance on the coding
test did not significantly affect pain tolerance in this age group.

When testing our hypothesis in the third age group
(=70 years), the data showed a decreased hazard of 18%
(HR 0.82, 95% CI (0.73, 0.92), p < 0.001) per standard de-
viation on the recall test, when controlling for all covariates.
The results also showed a decreased hazard of 23% (HR 0.77,
95% CI (0.65, 0.08), p = 0.002) per standard deviation on
the coding test, controlling for all covariates. Detailed results
from the Cox regression analysis of cold pressor tolerance are
shown in Table 3. The raw mean score on coding and recall
for the three age groups is presented with a standard error in
Figure 1.

A sensitivity analysis to detect early onset dementia
showed that removing 120 participants who scored less
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TABLE 2 Overview of demographic variables presented as

frequency and percent for all participants who attended cognitive

testing

Demographic variables

Sex
Men
Females
Smoking
Never
Previous
Active
Education

Primary/secondary
school

Technical school and
vocational school

High school diploma

College/university less
than 4 years

College/university
4 years or more

Sleep problems
Not bothered
A little bothered
Quite bothered
It bothers me a lot
Exercise
Never
Less than once a week
Once a week
2-3 times a week

Approximately every
day

Anxiety and depression
High
Low
Chronic pain
No
Yes
Analgesics
Not used
Less than every week
Every week, but not
daily
Daily

Group 1 Group 2 Group 3
N (%) N (%) N (%)
756 (53) 1,172 (57) 590 (52)
664 (47) 896 (43) 545 (48)
310 (22) 357 (17) 149 (13)
647 (46) 988 (48) 563 (50)
458 (32) 700 (34) 396 (35)
286 (20) 703 (34) 542 (48)
391 (28) 571 (28) 302 (27)
119 (8) 115 (6) 48 (4)
299 (21) 317 (15)  135(12)
314 (22) 344 (17) 79 (7)
853 (60) 1,217(59) 616 (54)
402 (28) 600 (29) 330 (29)
118 (8) 144 (7) 83 (7)
29 (2) 52 (3) 40 (4)
56 (4) 86 (4) 81.(7)
239 (17) 310 (15) 126 (11)
314 (22) 400 (19) 200 (18)
560 (39) 819 (40) 384 (34)
241 (17) 408 (20) 256 (23)
1,265 (89) 1,847 (89) 947 (83)
125 (9) 122 (6) 61 (5)
977 (69) 1,409 (68) 800 (71)
441 (31) 656 (32) 333 (29)
1,198 (84) 1,726 (84) 878 (77)
89 (6) 125 (6) 78 (7)
69 (5) 91 (4) 61(5)
44 (3) 63 (3) 55(5)

Note: Table shows the age groups presented as group 1 (<60), 2 (>60 to <70)

and 3 (>70).
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than 25 on the Mini-Mental Status examination did not af-
fect the results in any significant way. We further examined
the potential effect of the cold pressor examiner on results
and found no significant differences between research staff
(Appendix).

3.2 | Covariates

Of the covariates in the lowest age group (<60 years), ed-
ucation and severe insomnia were the only variables that
significantly affected the hazard of pulling your hand out
of the water when investigating the exposure effect from
coding and recall. In this age group reporting a score of
3 “It bothers me a lot” increased the hazard of hand with-
drawal with a 100% when investigating the recall task,
with the exponent presenting a wide confidence interval
(HR = 2.1 95% CI 1.7-3.8). There were only n = 29 par-
ticipants reporting this score, which indicated a reason for
the wide confidence interval.

Of the covariates in the second age group (>60 to
<70 years), systolic blood pressure, smoking and symptoms
of anxiety and depression significantly affected the hazard of
pulling your hand out of the water in both models.

In this age group being an active smoker had a significant
effect on cold pressor tolerance in all three models tested,
with the active smokers showing a reduced hazard for hand
withdrawal.

Of the covariates in the third age group (>70 years)
daily use of analgesics, exercise and severe insomnia were
the only variables that significantly affected the hazard of
pulling your hand out of the water in both models. In this
age group reporting an equal to exercising once a week (2),
or almost every day (4) reduced the hazard for hand with-
drawal significantly. Moreover, using analgesics everyday

TABLE 3 The table displays exposure effects from
neuropsychological test performance on cold pressor tolerance

Cogntive tests (age Hazard ratio

group) p value (95% CI)

Coding (0)* 0.011 0.84 (0.74-0.96)
Coding (1) 0.484 0.96 (0.86-1.07)
Coding (2) 0.039 0.83 (0.69-0.99)
Recall (0) 0.157 0.93 (0.83-1.03)
Recall (1)* 0.021 0.89 (0.80-0.98)
Recall (2)* 0.015 0.85 (0.75-0.97)

Note: Event is defined as withdrawing your hand from the water, and hazard
ratio is here presented with a 95% confidence interval. The age groups of 0, 1
and 2 corresponds to age groups of participants: <60 years of age (0); >60 to
<70 years of age (1); >70 years of age (2). All exposure effects are controlled
for sex, education, BMI, smoking status, exercise, systolic blood pressure, sleep
problems and mental distress, chronic pain and the use of analgesics.

*p <0.05
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FIGURE 1 The participants were divided into two groups

described as pain sensitive and pain tolerant based on whether or not
they withdrew their hand from the cold water before 106 s. The mean
scores on the two significant neuropsychological tests are presented
with a standard error of the mean

(3) increased the risk of hand withdrawal with 84%. Further
exposure effects from the different covariates are detailed
in supplementary table 1.

4 | DISCUSSION

This study points to a link between performance on tests of
immediate verbal memory and psychomotor speed and ex-
perimental pain tolerance in a large sample. In accordance
with our hypothesis there was a significant positive effect
from performance on neuropsychological tests of immediate
verbal memory and psychomotor speed on cold pressor toler-
ance in participants over 70 years of age. There was also a
significant positive effect from the immediate verbal memory
test in participants aged from 60 to 70 on cold pressor tol-
erance. In the youngest age group, there was a significant

positive effect from performance on psychomotor speed on
cold pressor pain tolerance.

In contrast to our results, a previous experimental study
showed either a negative or no effect from neuropsycho-
logical test performance on pain tolerance in older adults
(Oosterman et al., 2013). Others have even reported pos-
itive relationships of clinical pain ratings with executive
function, but not memory or psychomotor speed, in both
non-demented institutionalized elderly (Oosterman, de
Vries, Dijkerman, de Haan, & Scherder, 2009), and pa-
tients with dementia due to Alzheimer's disease (Scherder
et al., 2008). The conflicting results in available literature
give cause to doubt the relationship between neuropsycho-
logical tests and pain tolerance. However, we would argue
that previous results in conflict with our findings could
be a reflection of insufficient power due to small sample
sizes. But, it could also be due to more comprehensive
neuropsychological tests being included and/or differences
in experimental pain stimulus (Oosterman et al., 2013).

The current results showed a positive effect from cog-
nitive performance on pain tolerance. It could from these
results be argued that the functioning of neural networks is
both testable and have an effect on pain tolerance in elders.
It is important to note that above 70 years of age is the age
range at which declines in cognitive function and brain mor-
phology can be expected. Although not tested directly, the
effects on pain tolerance reported here may be related to grey
and white matter loss in the prefrontal cortex (PFC), anterior
cingulate cortex (ACC) and/or hippocampal regions due to
ageing (Papp et al., 2014). Moreover, memory assessment
through recall has demonstrated high levels of sensitivity and
specificity to disorders causing memory dysfunction, such as
amnestic mild cognitive impairment and Alzheimer's disease
(Gavett & Horwitz, 2012), and we cannot exclude that such
impairments exist in these participants, also affecting their
pain tolerance. However, analyses of mini-mental status indi-
cated that only 120 of 4,492 participants scored lower than 25
points (Folstein, Folstein, & McHugh, 2019). Further analy-
ses excluding these participants did not change the results,
indicating that other underlying disease mechanisms such as
early onset dementia or Alzheimer can be excluded as an ex-
planation to the current findings.

It is important to note that while the MMSE is used in
general practice, it is not to be considered a comprehensive
assessment of cognitive decline. When compared to thorough
diagnostics in a cohort with similar age profile as the partici-
pants' in this study, it had poor sensitivity (44%), but reason-
able specificity.

(79%) in detecting mild cognitive impairment (de Jager,
Schrijnemaekers, Honey, & Budge, 2009). Thus, there is still
a reasonable possibility due to the age profile in these partici-
pants that they are experiencing cognitive decline, age related
or otherwise, that is not picked up by the MMSE.



JACOBSEN ET AL.

Our finding of test performance on recall having a signifi-
cant effect on cold pressor pain tolerance in the participants aged
60-70 years of age also contradicts some previous findings,
while it complements others. It is tempting to speculate that
the current results are in line with findings of inhibition affect-
ing pain tolerance (Zhou, Kemp, Després, Pebayle, & Dufour,
2015). While the neuropsychological tests did not include a
specific test of inhibition, inhibition has been shown to activate
a variety of PFC regions, and older adults have a greater activa-
tion in the regions that have been implicated in cognitive con-
trol and attentional interference (Zysset, Schroeter, Neumann,
& von Cramon, 2007). This could entail that tests of immediate
word recall is either subsumed or activates regions of the PFC
which also involves inhibition (Conway & Engle, 1994).

The finding that education, exercise, symptoms of anxiety
and depression, smoking and severe insomnia confound the re-
lationship between neuropsychological test performance and
cold pressor tolerance is in line with previous publications de-
tailing effects on cold pressor tolerance from several factors
(Defrin et al., 2015; Meeus et al., 2010; Myers, Robinson,
Riley, & Sheffield, 2001; Sivertsen et al., 2015). The reported
effects on exposure underline the importance of confounding
variables when examining this relationship. It shows the neces-
sity of a large sample size when performing experimental tests
in order to firmly establish associations. It is important to note
that while different covariates differ between the age groups,
this is not the product of interaction, but reflects the fact that
the age groups were independently analysed.

Of particular interest is the finding that education was
the only variable to significantly affect pain tolerance in the
youngest age group. If we are to speculate on why, education
is often seen as a proxy for economic welfare, which has a
strong relation to experienced life stress. Another explana-
tion could be that the neuropsychological tests chosen were
not sensitive in the younger group of participants, as they are
specifically sensitive to age-related changes of which edu-
cation is a protective factor. Moreover, education has been
showed to be a proxy of how well you are able to perform on
tests independent of age, and this could very well be why it
explains significant variance in the reported results (Ganguli
et al., 2010).

The finding that severe sleep deficiency affects the re-
lationship is also of interest given that insomnia could be
a confounding variable, potentially affecting both the test
performance and the cold pressor tolerance. Symptoms of
insomnia has been associated with small to moderate im-
pairments in memory and attention tasks (Fortier-Brochu,
Beaulieu-Bonneau, Ivers, & Morin, 2012), as well as in-
creased experimental pain sensitivity (Lautenbacher et al.,
2006). In the recall and coding task, it was the youngest
participants with severe insomnia that showed a significant
effect on hand withdrawal. This is in line with a previous pub-
lication from the Tromsg 6 data showing a dose-dependent
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relationship between insomnia severity and cold pressor tol-
erance (Sivertsen et al., 2015), but adds to those results that
this relationship is reported only for those between 50 and
65 years of age. It is important to note that in a group with
over 1,400 participants, only 29 participants reported severe
problems, likely contributing to the reported effect.

Our finding that daily use of analgesics significantly de-
creasing cold pressor tolerance in the oldest age group are in
line with previous findings from some of the current authors
regarding analgesics and the cold pressor test (Samuelsen et
al., 2017). These findings are somewhat contra-intuitive, but
indicate that the frequent use of analgesics is associated with
a reduced pain tolerance in those over 70 years of age. Daily
use of analgesics by older persons could then be a proxy for
them being more pain sensitive in general. The endogenous
opioid pathways recruited by analgesics are likely the same
pathways involved in cold pressor tolerance, and the disrup-
tion of these would give higher pain sensitivity and reduced
effect from analgesics (Samuelsen et al., 2017).

There is also a finding of smokers demonstrating higher
pain tolerance when compared to non-smokers. This has not
been reported previously and is here reported in a large sam-
ple with a different age profile, contradicting studies using
the same experimental pain model (Bagot, Wu, Cavallo, &
Krishnan-Sarin, 2017). If we were to speculate as to why this
effect is present, it could be that it is related to findings of low-
ered heart rate variability in smokers, a factor that is strongly
related to pain sensitivity and tolerance (Bruehl et al., 2018).

4.1 | Limitations

A limitation of this study is the lack of a specific neuropsy-
chological test of inhibition and a limited experimental pain
stimulus. A second limitation is that this study had an ob-
servational design, and therefore, conclusions about causal-
ity cannot be drawn. Third, a longitudinal study is necessary
to better examine the temporal relationships between chronic
pain conditions, cognitive functioning and cold pressor pain.
Moreover, in Norway, we have performed several popula-
tion studies which show a similar level of self-reported pain,
depression and other relevant demographical variables as
reported in the Tromsg study, but comparisons exceed the
aim of the current study. However, 41% of Tromsg's popula-
tion have university or college education, while the national
average is 33.5%. A final limitation is that no adjustment
was made to the model for unobserved person-specific
heterogeneity.

4.2 | Conclusion

In this large sample of participants, better performance on
neuropsychological tests of immediate verbal memory and
psychomotor speed significantly increased pain tolerance
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on the cold pressor test. The reported effects from test per-
formance interacted with participant age, but remained sig-
nificant in all age groups when stratified. These findings
point to the significance of cognitive functioning in the pain
experience and contradict previous findings of an inverse
relationship between cognitive performance and pain in
older adults.

ACKNOWLEDGEMENTS

The first author HBJ was supported by a grant from the
Extrafoundation for health and research.

CONFLICT OF INTEREST

None declared.

REFERENCES

Alabas, O. A., Tashani, O. A., Tabasam, G., & Johnson, M. 1. (2012).
Gender role affects experimental pain responses: A systematic re-
view with meta-analysis. European Journal of Pain, 16(9), 1211-
1223. https://doi.org/10.1002/j.1532-2149.2012.00121.x

Arntzen, K., Schirmer, H., Wilsgaard, T., & Mathiesen, E. (2011).
Impact of cardiovascular risk factors on cognitive function: The
Tromsg study. European Journal of Neurology, 18(5), 737-743.
https://doi.org/10.1111/j.1468-1331.2010.03263.x

Bagot, K. S., Wu, R., Cavallo, D., & Krishnan-Sarin, S. (2017).
Assessment of pain in adolescents: Influence of gender, smoking
status and tobacco abstinence. Addictive Behaviors, 67, 719-85. https
://doi.org/10.1016/j.addbeh.2016.12.010

Berryman, C., Stanton, T. R., Jane Bowering, K., Tabor, A., McFarlane,
A., & Lorimer Moseley, G. (2013). Evidence for working memory
deficits in chronic pain: A systematic review and meta-analysis. Pain,
154(8), 1181-1196. https://doi.org/10.1016/j.pain.2013.03.002

Bruehl, S., Carlson, C. R., & McCubbin, J. A. (1992). The relationship
between pain sensitivity and blood pressure in normotensives. Pain,
48(3), 463—467. https://doi.org/10.1016/0304-3959(92)90099-W

Bruehl, S., Olsen, R. B., Tronstad, C., Sevre, K., Burns, J. W., Schirmer,
H., ... Rosseland, L. A. (2018). Chronic pain-related changes in
cardiovascular regulation and impact on comorbid hypertension in
a general population: The Tromsg study. Pain, 159(1), 119-127.
https://doi.org/10.1097/j.pain.0000000000001070

Conway, A. R., & Engle, R. W. (1994). Working memory and re-
trieval: A resource-dependent inhibition model. Journal of
Experimental Psychology: General, 123(4), 354-373. https://doi.
org/10.1037/0096-3445.123.4.354

de Jager, C. A., Schrijnemaekers, A.-C.- M.- C., Honey, T. E. M., &
Budge, M. M. (2009). Detection of MCI in the clinic: Evaluation
of the sensitivity and specificity of a computerised test battery, the
Hopkins Verbal Learning Test and the MMSE. Age and Ageing,
38(4), 455-460. https://doi.org/10.1093/ageing/afp068

Defrin, R., Amanzio, M., de Tommaso, M., Dimova, V., Filipovic, S.,
Finn, D. P, ... Kunz, M. (2015). Experimental pain processing in
individuals with cognitive impairment: Current state of the science.
Pain, 156(8), 1396-1408. https://doi.org/10.1097/j.pain.0000000000
000195

Derogatis, L. R., Lipman, R. S., Rickels, K., Uhlenhuth, E. H., &
Covi, L. (1974). The Hopkins Symptom Checklist (HSCL). A
measure of primary symptom dimensions. Modern Problems of
Pharmacopsychiatry, 7, 79-110.

Dickens, C., McGowan, L., & Dale, S. (2003). Impact of depression on
experimental pain perception: A systematic review of the literature
with meta-analysis. Psychosomatic Medicine, 65(3), 369-375. https
://doi.org/10.1097/01.PSY.0000041622.69462.06

Eccleston, C. (1994). Chronic pain and attention: A cognitive approach.
British Journal of Clinical Psychology, 33(4), 535-547. https://doi.
org/10.1111/1.2044-8260.1994.tb01150.x

Eggen, A. E., Mathiesen, E. B., Wilsgaard, T., Jacobsen, B. K., &
Njolstad, 1. (2013). The sixth survey of the Tromso Study (Tromso
6) in 2007-08: Collaborative research in the interface between clin-
ical medicine and epidemiology: Study objectives, design, data
collection procedures, and attendance in a multipurpose population-
based health survey. Scand J Public Health, 41(1), 65-80. https://
doi.org/10.1177/1403494812469851

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (2019). “Mini-mental
state”: a practical method for grading the cognitive state of patients
for the clinician. Journal of Psychiatric Research, 12(3), 189—198.
https://doi.org/10.1016/0022-3956(75)90026-6

Fortier-Brochu, E., Beaulieu-Bonneau, S., Ivers, H., & Morin, C. M.
(2012). Insomnia and daytime cognitive performance: A meta-analy-
sis. Sleep Medicine Reviews, 16(1), 83-94. https://doi.org/10.1016/j.
smrv.2011.03.008

Ganguli, M., Snitz, B. E., Lee, C.-W., Vanderbilt, J., Saxton, J.
A., & Chang, C.-C.- H. (2010). Age and education effects and
norms on a cognitive test battery from a population-based co-
hort: The Monongahela—Youghiogheny Healthy Aging Team
(MYHAT). Aging & Mental Health, 14(1), 100-107. https://doi.
0rg/10.1080/13607860903071014

Gavett, B. E., & Horwitz, J. E. (2012). Immediate list recall as a
measure of short-term episodic memory: Insights from the se-
rial position effect and item response theory. Archives of Clinical
Neuropsychology, 27(2), 125-135. https://doi.org/10.1093/arclin/
acr104

Jacobsen, B. K., Eggen, A. E., Mathiesen, E. B., Wilsgaard, T., &
Njglstad, 1. (2012). Cohort profile: The Tromsg Study. International
Journal of Epidemiology, 41(4), 961-967. https://doi.org/10.1093/
ije/dyr049

Knopman, D., Boland, L. L., Mosley, T., Howard, G., Liao, D., Szklo,
M., ... Folsom, A. R. (2001). Cardiovascular risk factors and cogni-
tive decline in middle-aged adults. Neurology, 56(1), 42—48. https://
doi.org/10.1212/WNL.56.1.42

Landrg, N. L, Fors, E. A., Vapenstad, L. L., Holthe, @., Stiles, T. C., &
Borchgrevink, P. C. (2013). The extent of neurocognitive dysfunc-
tion in a multidisciplinary pain centre population. Is there a relation
between reported and tested neuropsychological functioning? Pain,
154(7), 972-977.

Lautenbacher, S., Kundermann, B., & Krieg, J.-C. (2006). Sleep depri-
vation and pain perception. Sleep Medicine Reviews, 10(5), 357—
369. https://doi.org/10.1016/j.smrv.2005.08.001

Legrain, V., Damme, S. V., Eccleston, C., Davis, K. D., Seminowicz,
D. A., & Crombez, G. (2009). A neurocognitive model of atten-
tion to pain: Behavioral and neuroimaging evidence. Pain, 144(3),
230-232. https://doi.org/10.1016/j.pain.2009.03.020

Marouf, R., Caron, S., Lussier, M., Bherer, L., Piché, M., & Rainville, P.
(2014). Reduced pain inhibition is associated with reduced cognitive


https://doi.org/10.1002/j.1532-2149.2012.00121.x
https://doi.org/10.1111/j.1468-1331.2010.03263.x
https://doi.org/10.1016/j.addbeh.2016.12.010
https://doi.org/10.1016/j.addbeh.2016.12.010
https://doi.org/10.1016/j.pain.2013.03.002
https://doi.org/10.1016/0304-3959(92)90099-W
https://doi.org/10.1097/j.pain.0000000000001070
https://doi.org/10.1037/0096-3445.123.4.354
https://doi.org/10.1037/0096-3445.123.4.354
https://doi.org/10.1093/ageing/afp068
https://doi.org/10.1097/j.pain.0000000000000195
https://doi.org/10.1097/j.pain.0000000000000195
https://doi.org/10.1097/01.PSY.0000041622.69462.06
https://doi.org/10.1097/01.PSY.0000041622.69462.06
https://doi.org/10.1111/j.2044-8260.1994.tb01150.x
https://doi.org/10.1111/j.2044-8260.1994.tb01150.x
https://doi.org/10.1177/1403494812469851
https://doi.org/10.1177/1403494812469851
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/j.smrv.2011.03.008
https://doi.org/10.1016/j.smrv.2011.03.008
https://doi.org/10.1080/13607860903071014
https://doi.org/10.1080/13607860903071014
https://doi.org/10.1093/arclin/acr104
https://doi.org/10.1093/arclin/acr104
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1212/WNL.56.1.42
https://doi.org/10.1212/WNL.56.1.42
https://doi.org/10.1016/j.smrv.2005.08.001
https://doi.org/10.1016/j.pain.2009.03.020

JACOBSEN ET AL.

E)P CWILEY-*"

inhibition in healthy aging. Pain, 155(3), 494-502. https://doi.
org/10.1016/j.pain.2013.11.011

Meeus, M., Roussel, N. A., Truijen, S., & Nijs, J. (2010). Reduced
pressure pain thresholds in response to exercise in chronic fatigue
syndrome but not in chronic low back pain: An experimental study.
Journal of Rehabilitation Medicine, 42(9), 884-890. https://doi.
0rg/10.2340/16501977-0595

Melzack, R., & Casey, K. L. (1968). Sensory, motivational and central
control determinants of pain: A new conceptual model. The Skin
Senses, 423-443.

Moriarty, O., McGuire, B. E., & Finn, D. P. (2011). The effect of pain
on cognitive function: A review of clinical and preclinical research.
Progress in Neurobiology, 93(3), 385-404. https://doi.org/10.1016/j.
pneurobio.2011.01.002

Myers, C. D., Robinson, M. E., Riley, J. L., IlI, & Sheffield, D. (2001).
Sex, gender, and blood pressure: Contributions to experimental
pain report. Psychosomatic Medicine, 63(4), 545-550. https://doi.
org/10.1097/00006842-200107000-00004

Myrtveit, S. M., Skogen, J. C., Sivertsen, B., Steingrimsdottir, 0.
A., Stubhaug, A., & Nielsen, C. S. (2016). Pain and pain tol-
erance in whiplash-associated disorders: A population-based
study. European Journal of Pain, 20(6), 949-958. https://doi.
org/10.1002/ejp.819

Oosterman, J. M., de Vries, K., Dijkerman, H. C., de Haan, E. H. F.,
& Scherder, E. J. A. (2009). Exploring the relationship between
cognition and self-reported pain in residents of homes for the el-
derly. International Psychogeriatrics, 21(1), 157-163. https://doi.
org/10.1017/S1041610208007941

Oosterman, J. M., Dijkerman, H. C., Kessels, R. P., & Scherder,
E. J. (2010). A unique association between cognitive inhibi-
tion and pain sensitivity in healthy participants. European
Journal of Pain, 14(10), 1046—-1050. https://doi.org/10.1016/j.
ejpain.2010.04.004

Oosterman, J. M., Gibson, S. J., Pulles, W. L. J. A., & Veldhuijzen, D.
S. (2013). On the moderating role of age in the relationship between
pain and cognition. European Journal of Pain, 17(5), 735-741. https
://doi.org/10.1002/j.1532-2149.2012.00235.x

Oosterman, J. M., & Veldhuijzen, D. S. (2016). On the inter-
play between chronic pain and age with regard to neurocogni-
tive integrity: Two interacting conditions? Neuroscience and
Biobehavioral Reviews, 69, 174—192. https://doi.org/10.1016/j.
neubiorev.2016.07.009

Palmer, K., Bickman, L., Winblad, B., & Fratiglioni, L. (2003).
Detection of Alzheimer's disease and dementia in the preclinical
phase: Population based cohort study. BMJ, 326(7383), 245. https://
doi.org/10.1136/bm;j.326.7383.245

Papp, K. V., Kaplan, R. F., Springate, B., Moscufo, N., Wakefield, D.
B., Guttmann, C. R. G., & Wolfson, L. (2014). Processing speed in
normal aging: Effects of white matter hyperintensities and hippo-
campal volume loss. Aging, Neuropsychology, and Cognition, 21(2),
197-213. https://doi.org/10.1080/13825585.2013.795513

Price, R. C., Asenjo, J. F., Christou, N. V., Backman, S. B., &
Schweinhardt, P. (2013). The role of excess subcutaneous fat in pain

European Journal of Pain
and sensory sensitivity in obesity. European Journal of Pain, 17(9),
1316-1326. https://doi.org/10.1002/j.1532-2149.2013.00315.x

Samuelsen, P.-J., Nielsen, C. S., Wilsgaard, T., Stubhaug, A.,
Svendsen, K., & Eggen, A. E. (2017). Pain sensitivity and an-
algesic use among 10,486 adults: The Tromsg study. BMC
Pharmacology and Toxicology, 18(1), 45. https://doi.org/10.1186/
$40360-017-0149-2

Santarcangelo, E. L., Paoletti, G., Chiavacci, ., Palombo, C., Carli, G.,
& Varanini, M. (2013). Cognitive modulation of psychophysical,
respiratory and autonomic responses to cold pressor test. PLoS
ONE, 8(10), €75023. https://doi.org/10.1371/journal.pone.0075023

Scherder, E. J. A., Eggermont, L., Plooij, B., Oudshoorn, J., Vuijk, P.
J., Pickering, G., ... Oosterman, J. (2008). Relationship between
chronic pain and cognition in cognitively intact older persons and in
patients with Alzheimer's disease. Gerontology, 54(1), 50-58. https
://doi.org/10.1159/000113216

Sivertsen, B., Lallukka, T., Petrie, K. J., Steingrimsdottir, O. A.,
Stubhaug, A., & Nielsen, C. S. (2015). Sleep and pain sensitiv-
ity in adults. Pain, 156(8), 1433-1439. https://doi.org/10.1097/j.
pain.0000000000000131

Terrighena, E. L., Shao, R., & Lee, T. M. C. (2017). Impact of
concurrent cognitive processing on cold pain perception:
Implications for pain management and its neurobiological basis.
Applied Neuropsychology: Adult, 24(1), 81-91. https://doi.
org/10.1080/23279095.2015.1100618

Turk, D. C., & Melzack, R. (2011). Handbook of pain assessment. New
York, NY: Guilford Press.

Wechsler, D. (2008). Wechsler Adult Intelligence Scale-Fourth Edition
(WAIS-1V). San Antonio, TX: NCS Pearson.

Zhou, S., Kemp, J., Després, O., Pebayle, T., & Dufour, A. (2015). The
association between inhibition and pain tolerance in the elderly:
Evidence from event-related potentials. European Journal of Pain,
19(5), 669-676. https://doi.org/10.1002/ejp.588

Zysset, S., Schroeter, M. L., Neumann, J., & von Cramon, D. Y. (2007).
Stroop interference, hemodynamic response and aging: An event-re-
lated fMRI study. Neurobiology of Aging, 28(6), 937-946. https://
doi.org/10.1016/j.neurobiolaging.2006.05.008

SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

How to cite this article: Jacobsen HB, Stubhaug A,
Schirmer H, et al. Neuropsychological functions of
verbal recall and psychomotor speed significantly
affect pain tolerance. Eur J Pain. 2019;23:1608-1618.
https://doi.org/10.1002/ejp.1437



https://doi.org/10.1016/j.pain.2013.11.011
https://doi.org/10.1016/j.pain.2013.11.011
https://doi.org/10.2340/16501977-0595
https://doi.org/10.2340/16501977-0595
https://doi.org/10.1016/j.pneurobio.2011.01.002
https://doi.org/10.1016/j.pneurobio.2011.01.002
https://doi.org/10.1097/00006842-200107000-00004
https://doi.org/10.1097/00006842-200107000-00004
https://doi.org/10.1002/ejp.819
https://doi.org/10.1002/ejp.819
https://doi.org/10.1017/S1041610208007941
https://doi.org/10.1017/S1041610208007941
https://doi.org/10.1016/j.ejpain.2010.04.004
https://doi.org/10.1016/j.ejpain.2010.04.004
https://doi.org/10.1002/j.1532-2149.2012.00235.x
https://doi.org/10.1002/j.1532-2149.2012.00235.x
https://doi.org/10.1016/j.neubiorev.2016.07.009
https://doi.org/10.1016/j.neubiorev.2016.07.009
https://doi.org/10.1136/bmj.326.7383.245
https://doi.org/10.1136/bmj.326.7383.245
https://doi.org/10.1080/13825585.2013.795513
https://doi.org/10.1002/j.1532-2149.2013.00315.x
https://doi.org/10.1186/s40360-017-0149-2
https://doi.org/10.1186/s40360-017-0149-2
https://doi.org/10.1371/journal.pone.0075023
https://doi.org/10.1159/000113216
https://doi.org/10.1159/000113216
https://doi.org/10.1097/j.pain.0000000000000131
https://doi.org/10.1097/j.pain.0000000000000131
https://doi.org/10.1080/23279095.2015.1100618
https://doi.org/10.1080/23279095.2015.1100618
https://doi.org/10.1002/ejp.588
https://doi.org/10.1016/j.neurobiolaging.2006.05.008
https://doi.org/10.1016/j.neurobiolaging.2006.05.008
https://doi.org/10.1002/ejp.1437

1618 WI LEY—E’ P JACOBSEN ET AL.

European Journal of Pain

APPENDIX

Effects of examiners adjusted for on cognitive testing and cold pressor task

B SE Wald df Sig. HR 2.5% tile 97.5% tile

Recall adjusted analysis

Age group 0 —0.076 0.054 2.000 1 0.157 0.927 0.834 1.030

Age group 1 -0.118 0.052 5.247 1 0.022 0.888 0.803 0.983

Age group 2 —0.162 0.066 5.994 1 0.014 0.850 0.747 0.968
Recall adjusted analysis + adjusted for examiner

Age group 0 —0.088 0.054 2.625 1 0.105 0.916 0.823 1.019

Age group 1 -0.122 0.052 5.527 1 0.019 0.886 0.800 0.980

Age group 2 —0.162 0.067 5.907 1 0.015 0.850 0.746 0.969
Coding adjusted analysis

Age group 0 —-0.173 0.068 6.442 1 0.011 0.841 0.736 0.961

Age group 1 —-0.038 0.057 0.449 1 0.503 0.963 0.862 1.076

Age group 2 —0.186 0.091 4214 1 0.040 0.830 0.695 0.992
Coding adjusted analysis + adjusted for examiner

Age group 0 -0.179 0.068 6.920 1 0.009 0.836 0.732 0.955

Age group 1 —-0.028 0.057 0.241 1 0.624 0.972 0.869 1.088

Age group 2 —0.185 0.091 4.128 1 0.042 0.831 0.696 0.994



