
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e021291. DOI: 10.1161/JAHA.121.021291 1

 

ORIGINAL RESEARCH
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BACKGROUND: The initial presentation to coronary angiography and extent of coronary artery disease (CAD) vary greatly among 
patients, from ischemia with no obstructive CAD to myocardial infarction with 3- vessel disease. Pain tolerance has been sug-
gested as a potential mechanism for the variation in presentation of CAD. We aimed to investigate the association between 
pain tolerance, coronary angiography, CAD, and death.

METHODS AND RESULTS: We identified 9576 participants in the Tromsø Study (2007– 2008) who completed the cold- pressor 
pain test, and had no prior history of CAD. The median follow- up time was 10.4 years. We applied Cox- regression models 
with age as time- scale to calculate hazard ratios (HR). More women than men aborted the cold pressor test (39% versus 
23%). Participants with low pain tolerance had 19% increased risk of coronary angiography (HR, 1.19 [95% CI, 1.03– 1.38]) and 
22% increased risk of obstructive CAD (HR, 1.22 [95% CI, 1.01– 1.47]) adjusted by age as time- scale and sex. Among women 
who underwent coronary angiography, low pain tolerance was associated with 54% increased risk of obstructive CAD (HR, 
1.54 [95% CI, 1.09– 2.18]) compared with high pain tolerance. There was no association between pain tolerance and nonob-
structive CAD or clinical presentation to coronary angiography (ie, stable angina, unstable angina, and myocardial infarction). 
Participants with low pain tolerance had increased risk of mortality after adjustment for CAD and cardiovascular risk factors 
(HR, 1.40 [95% CI, 1.19– 1.64]).

CONCLUSIONS: Low cold pressor pain tolerance is associated with a higher risk of coronary angiography and death.
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Coronary artery disease (CAD) may initially present 
as stable angina, unstable angina, or myocardial 
infarction (MI). The typical presentation of stable 

angina is exertional chest pain relieved by rest, while 
acute chest pain is the most common symptom of un-
stable angina and MI. However, one third of MIs are 
unrecognized, and sudden coronary death may be 
the first clinical presentation of CAD.1– 4 On the other 
hand, half the patients presenting to elective invasive 
coronary angiography (ICA) and up to 80% of patients 

presenting to coronary computed tomographic angi-
ography (CCTA) do not have obstructive CAD.5– 8 These 
discrepancies are challenging because we are likely 
missing high- risk individuals and exposing low- risk 
individuals to unnecessary risk of procedural compli-
cations at excessive costs to the health care systems.

Symptoms are usually the incentive for seeking 
medical attention, and determine further testing, 
diagnosis, and treatment. One hypothesis for the 
discordance in clinical presentation of CAD is that 
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differences in pain tolerance affect symptom rec-
ognition and help seeking.9 Smaller studies have 
demonstrated an association between low pain toler-
ance, lower anginal threshold, and normal coronary 
arteries.10– 12 Furthermore, a previous publication from 
the Tromsø Study found that individuals with un-
recognized MI have higher pain tolerance and likely 
experience fewer symptoms than individuals with 
recognized MI.13

We aimed to investigate the association between 
pain tolerance and coronary angiography, CAD, and 
mortality in a general population. We hypothesized that 
low pain tolerance would be associated with earlier 
and more coronary angiographies with less obstruc-
tive CAD and more often angina than MI. Furthermore, 
we hypothesized that low pain tolerance would be as-
sociated with lower mortality because of earlier diag-
nosis and/or treatment of CAD.

METHODS
Qualified researchers may apply for access to the data 
supporting the findings of this study from the Tromsø 
Study. The syntaxes are available from the corre-
sponding author.

Study Population
The Tromsø Study is a prospective, population- 
based study, with repeated health surveys of the 
inhabitants of Tromsø, the largest city in Northern 
Norway. The sixth survey (Tromsø6), conducted in 
2007 to 2008, invited entire and random samples 
of birth cohorts with a total of 12  984 participants 
(attendance rate 66%). The participants completed 
questionnaires and underwent clinical examinations, 
including experimental pain testing. Further details 
on recruitment and testing procedures in Tromsø6 
have been reported previously.14 The University 
Hospital of North Norway is the primary hospital for 
all inhabitants of Tromsø and was the sole provider 
of coronary angiography in Northern Norway. From 
2005, procedural data from all ICAs performed at the 
University Hospital of North Norway have been regis-
tered in a local quality registry and from May 1, 2013 
in a national registry, the NORIC (Norwegian Registry 
of Invasive Cardiology). By January 1, 2014, the ma-
jority of Norwegian hospitals, and from January 1, 
2016, all hospitals reported ICA data to NORIC with 
>99% coverage.15 In 2013, CCTA was implemented 
at University Hospital of North Norway as the primary 
investigation for suspected angina without known 
CAD, and has been recorded in a registry since then. 
The national personal identification number allowed 
for linkage between Tromsø6 and coronary angiogra-
phy registries on an individual level. Vital status, date 
of death, and cause of death were obtained from 
the National Population Register and the Norwegian 
Cause of Death Registry. The Norwegian Cause of 
Death Registry is based on the underlying cause of 
death listed on death certificates, with cardiovascu-
lar death defined by ICD (International Classification 
of Diseases and Related Health Problems), ICD- 10: 
I00– I99, and coronary death defined by ICD- 10: I20– 
I25. More than 80% of deaths in Norway occur in 
hospitals or other health institutions, thus enabling 
better determination of cause of death.

Three participants withdrew their consent. We 
included the 10  486 remaining participants (81%) 
in Tromsø6 who completed the cold- pressor test 
(Figure  1). The main reason for not completing the 
cold pressor test was insufficient test capacity 
during peak hours (n=1831). Other causes were tech-
nical and/or procedural errors, participant refusal or 
incomprehension, and medical conditions that could 
interfere with or lead to adverse reactions to the test 
(n=664). Additionally, we excluded the 722 partici-
pants with prior MI or coronary angiography, identi-
fied through the MI registry of the Tromsø Study and 
the coronary angiography registries. This included 
participants registered with a prior MI or revascu-
larization at their first coronary angiography. Six 

CLINICAL PERSPECTIVE

What Is New?
• Low cold pressor pain tolerance was associ-

ated with a higher risk of coronary angiography 
and higher mortality.

• Low cold pressor pain tolerance was not asso-
ciated with angina with nonobstructive coronary 
artery disease.

What Are the Clinical Implications?
• Low cold pressor pain tolerance does not ex-

plain the discrepancies in the presentation to 
coronary angiography, from angina with no ob-
structive coronary artery disease to myocardial 
infarction with 3- vessel disease.

• Further research is needed to investigate the 
proposed link between low cold pressor pain 
tolerance and inflammation.

Nonstandard Abbreviations and Acronyms

FFR fractional flow reserve
ICA invasive coronary angiography
IR incidence rateD
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participants with self- reported angina and who un-
derwent coronary angiography within 180 days after 
the baseline examination were excluded. We also 
excluded 7 participants with missing indication and/
or inconclusive result of coronary angiography with-
out a follow- up coronary angiography. Participants 
referred to coronary angiography as stable angina, 
unstable angina, and MI were included. Other indi-
cations for coronary angiography, such as preopera-
tive assessment before valve surgery, were excluded 
(n=175). Accordingly, 9576 participants from Tromsø6 
were included and followed until coronary angiog-
raphy, death, or end of follow- up at December 31, 
2018. Cause of death was available until December 
31, 2017.

Exposures and Covariates
Pain Tolerance and the Cold Pressor Test

The cold pressor test is a well- established experimen-
tal pain test, as well as a traditional test of vasospastic 
angina. The test uses cold, circulating water to induce 
a deep aching pain by activation of venous nocicep-
tors.16,17 After a verbal explanation of the test, the par-
ticipants were asked to place their dominant hand and 
wrist into a container with 3°C circulating water, and 
keep it there for as long as possible, up to a maxi-
mum of 106  s. The short administration time makes 
the test well suited for population surveys. Endurance 
of the cold stimulus until the maximum time was de-
fined as high pain tolerance, whereas aborting the cold 

Figure 1. Selection of study participants for The Tromsø Study.
CAG indicates coronary angiography; and MI, myocardial infarction.
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stimulus before the maximum time was defined as low 
pain tolerance. Further details of the pain testing in 
Tromsø6 have been reported previously.18

Cardiovascular Risk Factors

Data regarding cardiovascular risk factors were col-
lected through clinical examination, blood samples, 
and self- reported questionnaires. Diabetes was de-
fined as self- reported diabetes, use of antidiabetic 
drugs and/or hemoglobin A1c ≥48.0 mmol/mol (6.5%); 
hypertension as self- reported hypertension, mean sys-
tolic blood pressure ≥140 mm Hg, mean diastolic blood 
pressure ≥90 mm Hg, and/or the use of antihyperten-
sive drugs; hypercholesterolemia was defined as the 
use of lipid- lowering drugs, and low- density lipopro-
tein ≥5.0 mmol/L and/or total cholesterol ≥7.0 mmol/L. 
Family history of MI was defined as self- reported MI in 
parents or siblings before the age of 60 years. Body 
mass index was calculated as measured weight in 
kilograms divided by the square of measured height in 
meters. Estimated glomerular filtration rate was calcu-
lated according to the CKD- EPI- equation.19

Coronary Angiography

The interventional cardiologist or the cardiac radiolo-
gist assessed the extent of CAD at the time of the 
procedure; obstructive CAD was defined as ≥50% 
diameter stenosis in any epicardial coronary artery.20 
Nonobstructive CAD was defined as 0 to 49% di-
ameter stenosis. When fractional flow reserve (FFR) 
was measured, obstructive CAD was defined as FFR 
<0.80. FFR was generally measured with visual diam-
eter stenosis ≈40% to 70%. The extent of obstruc-
tive CAD was further described as 1- vessel disease, 
2- vessel disease, or 3- vessel disease and/or left main 
stem disease. CCTA procedures with obstructive CAD 
or inconclusive results, followed by an ICA in 180 days, 
were replaced with the results from the ICA. An ICA 
with obstructive CAD assessed without FFR or revas-
cularization, followed by an ICA with nonobstructive 
CAD assessed by FFR within 7  days, was replaced 
with the result of the second ICA. Stable angina, un-
stable angina, and MI were defined by the interven-
tional cardiologist according to international guidelines 
at the time of the coronary angiography.

Outcomes
The outcomes were referral to coronary angiography, 
obstructive CAD (angina or MI with obstructive CAD 
or coronary death with no preceding coronary angi-
ography), clinical presentation of CAD (stable angina, 
unstable angina, and MI), extent of CAD (nonobstruc-
tive CAD, 1- vessel disease, 2- vessel disease, 3- vessel 
disease, and/or left main stem disease), and all- cause 

mortality. Cardiovascular mortality was used as a sec-
ondary end point.

Statistical Analysis
Baseline characteristics are reported as counts and 
percentages or means with SDs. Crude incidence 
rates (IR) were expressed as number of events per 
1000 person- years at risk. The differences in IR were 
tested using the log- rank test. We used Cox pro-
portional hazard regression models to estimate the 
hazard ratios (HR) for the association between pain 
tolerance and coronary angiography, clinical presen-
tation, CAD, and mortality. Because the majority of 
participants did not abort the cold pressor test, pain 
tolerance was dichotomized into low pain tolerance 
and high pain tolerance. Two- way interactions were 
tested by including cross product terms between the 
exposure and the adjustment variables in the models. 
The results were presented stratified if the interaction 
for sex was significant. There were no other signifi-
cant interactions. The proportional hazard assump-
tion was tested by Schoenfeld residuals. Because 
age violated the proportional hazard assumption in 
most of the analyses, we chose to adjust for age by 
using age as time- scale. We found the estimates of 
both methods to be similar. In the mortality analyses, 
we modeled coronary angiography as a time- varying 
covariate so that participants contribute with person- 
time to the no coronary angiography group until the 
date of the coronary angiography, and afterwards to 
the angina or MI group.

Covariates had low rates of missing values (0– 3%). 
The rate of missing values for family history of MI is 
unknown because the variable only included yes or 
missing response. In the multivariable models, the 
9222 participants (96%) with no missing variable for 
covariates are included.

Statistical analyses were performed in STATA ver-
sion 16.1 (Stata Corporation, College Station, TX).

Ethics
All participants gave informed written consent, and the 
Regional Committee for Medical and Health Research 
Ethics approved the study. The project conducted a 
data protection impact assessment in agreement with 
the data protection officials at the University Hospital 
of North Norway.

RESULTS
We included 9576 participants with no prior history of 
CAD, of whom 32% aborted the cold pressor test (low 
pain tolerance) after a median of 46  s and 68% en-
dured the test until the maximum time of 106 s (high 
pain tolerance). More women than men aborted the 
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test (39% versus 23%). Baseline characteristics are 
shown in Table 1. Daily smoking, diabetes, and hyper-
cholesterolemia were more common in participants 
with low pain tolerance. The median follow- up time 
was 10.4 years.

Pain Tolerance and Coronary 
Angiography
Eight hundred eighty six participants were referred 
to coronary angiography (9.3%), as presumed sta-
ble angina (n=468), unstable angina (n=134), or MI 
(n=284). The IR of coronary angiography was 9.8 
(95% CI, 8.7– 11.0) and 9.2 (95% CI, 8.5– 10.0) per 
1000 person- years in participants with low pain toler-
ance and high pain tolerance, respectively (P=0.38). 
In survival analysis adjusted for sex and age as 
time- scale, participants with low pain tolerance had 
a 19% increased risk of coronary angiography (HR, 
1.19 [95% CI, 1.03– 1.38]) compared with participants 
with high pain tolerance (Figure  2). There was no 
interaction by sex for the association between pain 
tolerance and coronary angiography (P=0.80). In a 
multivariable model predicting coronary angiogra-
phy, age, sex, hypertension, diabetes, overweight, 
and family history of premature MI were significant in 
addition to pain tolerance, which was mildly attenu-
ated to HR 1.17 (95% CI, 1.01– 1.34). Other traditional 
cardiovascular risk factors including smoking did not 
significantly predict referral to coronary angiography 
(Table S1).

Pain tolerance was not associated with the pre-
sentation of unstable angina versus stable angina 
(HR, 0.94 [95% CI, 0.52– 1.38]), MI, and coronary 
death versus angina (HR, 1.06 [95% CI, 0.82– 1.38]), 
or acute versus elective referrals (HR, 1.03 [95% CI, 
0.80– 1.31]).

Pain Tolerance and Degree of CAD
The initial clinical presentation of obstructive CAD 
was stable angina (n=199), unstable angina (n=66), MI 
(n=256), and coronary death (n=22). Overall, the IR of 
obstructive CAD was 5.7 (95% CI, 5.2– 6.4) in partici-
pants with high pain tolerance and 5.5 (95% CI, 4.7– 6.4) 
in participants with low pain tolerance per 1000 person- 
years (P=0.78) (Table 2). However, adjusting for sex and 
age as time- scale, participants with low pain tolerance 
had 22% increased risk of obstructive CAD compared 
with high pain tolerance (HR, 1.22 [95% CI, 1.01– 1.47) 
(Table 2). The discrepancy in IR and HR is explained by 
women having less obstructive CAD and more often 
low pain tolerance. The IR for obstructive CAD per 1000 
person- years was 2.7 (95% CI, 2.2– 3.4) and 3.4 (95% 
CI, 2.7– 4.3) in women and 8.6 (95% CI, 7.7– 9.6) and 9.9 
(95% CI, 8.1– 12.1) in men with high and low pain toler-
ance, respectively. There was no interaction by sex for 
the association between pain tolerance and obstructive 
CAD in the overall population (P=0.64). The association 
between pain tolerance and obstructive CAD weakened 
after adjustment for cardiovascular risk factors (HR, 1.16 
[95% CI, 0.95– 1.40]) (Table 2). All traditional cardiovas-
cular risk factors predicted obstructive CAD (Table S1).

Among participants referred to coronary angi-
ography, women with low pain tolerance had a 54% 
increased risk of obstructive CAD (HR 1.54 [95% CI, 
1.09– 2.18]) compared with women with high pain toler-
ance, after adjustment for cardiovascular risk factors. 
There was no association in men (Table 2). The inter-
action term for sex was significant (P=0.05). Among 
women with obstructive CAD, low pain tolerance was 
associated with nonsignificant higher risk of 3- vessel 
and/or left main stem disease (HR, 1.99 [95% CI, 0.96– 
4.13]). Low pain tolerance was not associated with 
nonobstructive CAD (HR, 1.03 [95% CI, 0.83– 1.28]).

Table 1. Baseline Characteristics: The Tromsø Study

Characteristics High pain tolerance (n=6550) Low pain tolerance (n=3026)

Age (y) 55±12 56±12

Male sex 53 (3440) 33 (999)

Daily smoker 19 (1259) 25 (760)

Former daily smoker 41 (2665) 40 (1196)

Hypertension 46 (2984) 44 (1322)

Systolic blood pressure (mm Hg) 135±22 132±23

Use of antihypertensive drugs 17 (1097) 20 (596)

Hypercholesterolemia 20 (1297) 23 (702)

Diabetes 6 (420) 9 (280)

Family history of MI 17 (1146) 20 (606)

Body mass index (kg/m2) 27±4 27±4

Estimated glomerular filtration rate (mL/min per 1.73 m2) 95±14 95±14

Numbers are mean±SD or percentage (n). Hypertension is defined as self- reported hypertension, use of antihypertensive drugs, systolic blood pressure 
≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg; hypercholesterolemia if self- reported, use of lipid- lowering drugs, serum total cholesterol ≥7.0 or serum 
low- density lipoprotein ≥5.0 mmol/L; diabetes if self- reported, use of antidiabetic drugs, or hemoglobin A1c ≥48 mmol/mol. MI indicates myocardial infarction.
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Pain Tolerance and Mortality
A total of 700 participants died (7.3%): 385 men (8.7%) 
and 315 women (6.1%). The cause of death was avail-
able until 2017 for 590 participants, of which 19% was 
because of cardiovascular disease (69 men and 44 
women). Other main causes of death were cancer (51%), 
injury (8%), respiratory disease (6%), and neurological 
disease (6%). Overall, the IR of death was 6.4 (95% CI, 
5.8– 7.0) in participants with high pain tolerance and 8.7 
(95% CI, 7.7– 9.8) in participants with low pain tolerance 
(P<0.01). Adjusted for sex and age as time- scale, par-
ticipants with low pain tolerance had 39% higher risk 
of death than participants with high pain tolerance (HR, 
1.39 [95% CI, 1.19– 1.63]) (Figure S1).

Figure 3 show a gradient increase in mortality rate 
from high pain tolerance to low pain tolerance, and 
no coronary angiography to MI (P for trend <0.001). 
In multivariable analyses adjusted for cardiovascular 
risk factors, participants with no coronary angiography 
and low pain tolerance had 37% higher risk of death 
(HR, 1.37 [95% CI, 1.16– 1.63]) than participants with 
no coronary angiography and high pain tolerance. 
Participants with angina and low pain tolerance had 

a 2- fold higher risk of death (HR, 2.17 [95% CI, 1.06– 
4.44]) than participants with angina and high pain tol-
erance. In participants with MI, the mortality rate was 
substantially higher, and there we found no association 
between pain tolerance and mortality.

Table 3 demonstrates the risk of death in univariable 
and multivariable analyses for low pain tolerance, cardio-
vascular risk factors, and CAD. Participants with low pain 
tolerance had increased risk of death after adjustment for 
CAD and cardiovascular risk factors (HR, 1.40 [95% CI, 
1.19– 1.64]). The interaction term between pain tolerance 
and sex was not significant (P=0.73). In sensitivity anal-
yses on cause of death, the results were similar for both 
cardiovascular death (HR, 1.41 [95% CI, 0.95– 2.12]) and 
other causes of death (HR, 1.39 [95% CI, 1.17– 1.66]).

DISCUSSION
We found that low pain tolerance was associated with 
a 19% higher risk of coronary angiography compared 
with high pain tolerance. Our results may indicate that 
individuals with low pain tolerance experience more 
cardiac symptoms and seek medical help earlier than 

Figure 2. Cumulative incidence function of The Tromsø Study.
Cumulative incidence function for coronary angiography in participants with low pain tolerance and high 
pain tolerance, adjusted for sex and age as time- scale.
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individuals with high pain tolerance. This is in line with 
previous results from the Tromsø Study demonstrat-
ing that high pain tolerance was associated with un-
recognized MI,13 as well as 2 studies demonstrating 
decreased pain sensitivity and more efficient endog-
enous pain inhibition among individuals with painless 
MI.21,22

Overall, we found that participants with low pain 
tolerance had a higher risk of obstructive CAD than 
participants with high pain tolerance adjusted for age 
as time- scale and sex, but not adjusted for cardio-
vascular risk factors. Among participants referred to 
coronary angiography, women with low pain tolerance 
had a higher risk than women with high pain tolerance 
for obstructive CAD. These were unexpected findings 
because we hypothesized that the opposite would be 
the case. Our findings contradict that patients present 
with nonobstructive CAD and/or microvascular angina 
because of lower pain tolerance and increased symp-
tom awareness. Previous studies that compared pain 
tolerance in angina with and without obstructive CAD 
had small sample sizes and reported conflicting results 
with similar cold pressor pain tolerance, higher heat 
pain tolerance, and lower pain tolerance for ischemic 
and electrical, as well as cardiac stimuli in angina with 
no obstructive CAD compared with angina with ob-
structive CAD.23– 25

Furthermore, we found that low pain tolerance was 
associated with increased all- cause mortality in all 
participants, regardless of referral to coronary angi-
ography. Furthermore, the risk was similarly elevated 
for cardiovascular death and other death causes. This 
confutes our hypothesis that individuals with low pain 
tolerance had a lower risk of dying from CAD, while 
individuals with high pain tolerance had a higher risk 
of dying from CAD, even without ever presenting to 

coronary angiography. We are not aware of any previ-
ous study examining associations between pain sensi-
tivity and mortality.

The mechanism by which low pain tolerance might 
increase the risk of obstructive CAD and all- cause 
mortality is unclear. We suggest 3 potential mecha-
nisms. First, in our study we observed that individuals 
with low pain tolerance had a higher burden of tradi-
tional cardiovascular risk factors with more daily smok-
ing, hypercholesterolemia, and diabetes. Although we 
adjusted for these factors in the analysis, and notably 
pain tolerance was a stronger predictor than many 
of the traditional risk factors, we still cannot exclude 
the possibility of residual confounding. Second, low 
pain tolerance is associated with chronic widespread 
pain,18,26 which is further also associated with both 
increased cardiovascular-  and all- cause mortality.27 
Third, another study from the Tromsø Study found 
higher serum levels of the C- reactive protein in indi-
viduals with low pain tolerance.28 Increased C- reactive 
protein concentration and inflammation are known risk 
factors for cardiovascular disease and all- cause mor-
tality, and anti- inflammatory treatment reduces the risk 
of cardiovascular events.29– 32 Furthermore, the Tromsø 
Study Fit Futures demonstrated that low cold pres-
sor pain tolerance was associated with lower levels of 
the omega- 3 fatty acids EPA and DHA, lower levels 
of urokinase plasminogen activator, and higher levels 
of several inflammatory biomarkers in healthy adoles-
cents aged 15 to 19  years.33 High levels of EPA are 
associated with lower risk of cardiovascular disease.34 
Urokinase plasminogen activator is an enzyme used 
as a thrombolytic agent, and higher levels of urokinase 
plasminogen activator receptor are associated with 
cardiovascular mortality.31 Inflammation as the poten-
tial link between low cold pressor pain tolerance and 

Table 2. Incidence Rates and HR for Obstructive Coronary Artery Disease According to Pain Tolerance: The Tromsø Study

Obstructive coronary artery 
disease* Events Person- years

Crude IR per 1000 
(95% CI)

Model 1, HR  
(95% CI)

Model 2, HR  
(95% CI)

Total population

High pain tolerance 379 65 936 5.7 (5.2– 6.4) Ref. Ref.

Low pain tolerance 164 29 896 5.5 (4.7– 6.4) 1.22 (1.01– 1.47) 1.16 (0.95– 1.40)

Men with coronary angiography

High pain tolerance 282 2475 114 (101– 128) Ref. Ref.

Low pain tolerance 88 828 106 (86– 131) 0.94 (0.74– 1.20) 0.89 (0.69– 1.15)

Women with coronary angiography

High pain tolerance 82 1950 42 (34– 52) Ref. Ref.

Low pain tolerance 69 1298 53 (42– 67) 1.46 (1.05– 2.01) 1.54 (1.09– 2.18)

Model 1 is adjusted for age as time- scale and/or sex; model 2 is adjusted for model 1 + smoking, diabetes, hypertension, hypercholesterolemia, and 
family history of MI. Hypertension is defined as self- reported hypertension, use of antihypertensive drugs, systolic blood pressure ≥140 mm Hg or diastolic 
blood pressure ≥90 mm Hg; hypercholesterolemia if self- reported, use of lipid- lowering drugs, serum total cholesterol ≥7.0 or serum low- density lipoprotein 
≥5.0 mmol/L; diabetes if self- reported, use of antidiabetic drugs or hemoglobin A1c ≥48 mmol/mol. HR indicates hazard ratios; IR incidence rate.

*Angina or myocardial infarction with obstructive coronary artery disease on coronary angiography. In the total population, participants with coronary death 
with no preceding coronary angiography are also included as obstructive coronary artery disease.
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increased risk of morbidity and mortality is an intrigu-
ing hypothesis for further research.

Strengths and Limitations
The strengths of this study include the population- 
based, prospective cohort design, with cold pressor 
pain tested in >10  000 individuals, and >10 years of 
follow- up. Furthermore, the combination of CCTA and 
ICA data allows for both identification of participants 
deferred by CCTA and confirmation of all positive 

findings on CCTA by ICA. We do not know how cold 
pain tolerance correlates with cardiac ischemic pain 
tolerance. One small study demonstrated that chest 
pain was associated with cardiac pain sensitivity, but 
not with heat pain sensitivity.23 However, the cold 
pressor test elicits vascular pain from venous nocic-
eptors, produces vasoconstriction in coronary arter-
ies with endothelial dysfunction and atherosclerosis, 
and was traditionally used as a noninvasive test of va-
sospastic angina, and thereby is likely more suitable 

Figure 3. Mortality rate by pain tolerance and coronary artery disease in The Tromsø Study.
Forest plot showing the unadjusted mortality rate in participants with high pain tolerance and low pain 
tolerance, by no coronary angiography, angina, and MI. CAG indicates coronary angiography; MI, 
myocardial infarction, and PT, pain tolerance. Error bars signify 95% CI.
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than other peripheral experimental pain measures.17,35 
Furthermore, cold pressor pain tolerance is a heredi-
tary trait and has demonstrated high test– retest reli-
ability.16,36 Future studies comparing cold pressor test 
tolerance to cardiac ischemic pain tolerance, and the 
test– retest reliability over longer periods of time could 
shed new light on these problems. The conduction 
of large- scale cardiac pain tolerance testing seems 
challenging.

Despite the large sample and long follow- up, there 
were few events of angina, MI, coronary death, and 
sudden cardiac death. Furthermore, we did not have 
cause of death for the 110 individuals who died in 
2018. This reduces the statistical power of the study, 
and increases the risk of type II error, particularly in 
the difference between angina versus MI, and stable 
angina versus unstable angina, mortality risk ratios 
among individuals with MI, and cardiovascular mortal-
ity. Also, the number of sudden cardiac deaths was 
too low to conduct meaningful statistical analysis. 
Sensitivity analyses with pain tolerance run as a con-
tinuous or categorized variable demonstrated similar 
results. National registries ensure near complete fol-
low- up data for the outcomes. However, an individual 
would be lost to follow- up if the coronary angiography 
was performed abroad or in another region of Norway 
before NORIC had full national coverage, and lost to 

follow- up for death if both emigrated from Norway and 
no longer registered as a Norwegian citizen. We be-
lieve this is unlikely to have affected our results.

CONCLUSIONS
This cohort study indicates that low cold pressor pain 
tolerance is associated with a higher risk of coronary 
angiography and all- cause death. Pain tolerance does 
not seem to explain the different manifestations of 
CAD, or why more than half of patients presenting to 
elective coronary angiography do not have obstructive 
CAD, but further research is needed.
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Table 3. Univariable and Multivariable Analysis for HR for All- Cause Mortality: The Tromsø Study

Univariable analysis, HR  
(95% CI)

Multivariable analysis 1, HR 
(95% CI)

Multivariable analysis 2, HR 
(95% CI)

No. of deaths/total no. 663/9222 663/9222 663/9222

Low pain tolerance 1.31 (1.12– 1.54) 1.38 (1.18– 1.62) 1.40 (1.19– 1.64)

Male sex 1.66 (1.42– 1.93) 1.74 (1.48– 2.04) 1.74 (1.48– 2.05)

Hypertension 1.04 (0.87– 1.24) 1.05 (0.88– 1.26) 1.04 (0.87– 1.24)

Hypercholesterolemia 0.94 (0.80– 1.12) 0.97 (0.81– 1.15) 0.97 (0.81– 1.15)

Diabetes 1.50 (1.20– 1.87) 1.36 (1.08– 1.71) 1.33 (1.06– 1.67)

Smoking

Daily smoker 2.60 (2.10– 3.21) 2.46 (1.99– 3.05) 2.45 (1.98– 3.04)

Former daily smoker 1.50 (1.25– 1.81) 1.33 (1.10– 1.61) 1.33 (1.10– 1.61)

Family history of MI 1.08 (0.88– 1.31) 1.10 (0.90– 1.34) 1.09 (0.89– 1.33)

Body mass index >30 kg/m2 1.09 (0.90– 1.31) 1.12 (0.93– 1.36) 1.13 (0.93– 1.37)

Estimated glomerular filtration rate 
<60 mL/min per 1.73 m2

1.14 (0.84– 1.56) 1.08 (0.79– 1.47) 1.06 (0.78– 1.46)

Coronary angiography

No coronary angiography Ref. Ref.

Angina with obstructive coronary 
artery disease

1.06 (0.73– 1.54) 1.06 (0.73– 1.54)

Myocardial infarction 1.69 (1.21– 2.36) 1.36 (0.97– 1.91)

Hypertension is defined as self- reported hypertension, use of antihypertensive drugs, systolic blood pressure ≥140 mm Hg or diastolic blood pressure 
≥90 mm Hg; hypercholesterolemia if self- reported, use of lipid- lowering drugs, serum total cholesterol ≥7.0 or serum low- density lipoprotein ≥5.0 mmol/L; 
diabetes if self- reported, use of antidiabetic drugs or hemoglobin A1c ≥48 mmol/mol. Coronary angiography is a time- varying variable. Univariable analysis 
is adjusted for age as time- scale. In multivariable analysis 1, low pain tolerance is adjusted for age as time- scale, sex, hypertension, hypercholesterolemia, 
diabetes, smoking, family history of MI, body mass index, and estimated glomerular filtration rate. In multivariable analysis 2, low pain tolerance is adjusted 
for the variables in multivariable analysis 1 + angina with obstructive coronary artery disease or myocardial infarction with no angiography and nonobstructive 
coronary artery disease as reference. HR indicates hazard ratios; and MI, myocardial infarction; Ref., reference.
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Table S1. Risk of Coronary Angiography, Obstructive CAD and Mortality by Cardiovascular Risk Factors and Pain 

Tolerance, Adjusted for Age as Time-scale and Sex. The Tromsø Study.  
   Al 

    

 

Coronary angiography, 

HR (95% CI) 

Obstructive CAD, 

HR (95% CI) 

All-cause mortality, 

HR (95% CI) 

    

    

Daily smoker 1.12 (0.95-1.32) 1.51 (1.24-1.85) 2.12 (1.78-2.51) 

Former daily smoker 1.02 ( 0.89-1.16) 0.91 (0.77-1.08) 0.93 (0.80-1.08) 

Hypertension 1.44 (1.25-1.67) 2.00 (1.64-2.43) 1.05 (0.88-1.24) 

Hypercholesterolemia 1.17 (1.00-1.36) 1.22 (1.00-1.47) 1.03 (0.87-1.21) 

Diabetes 1.46 (1.19-1.80) 1.67 (1.31-2.14) 1.37 (1.11-1.70) 

Family history of MI 2.00 (1.73-2.31) 2.15 (1.79-2.59) 1.13 (0.93-1.37) 

Body mass index >30 kg/m2 1.26 (1.08-1.48) 1.27 (1.04-1.55) 1.13 (0.95-1.36) 

Estimated glomerular filtration rate  

< 60mL/min/1.73 m2 

0.73 (0.42-1.28) 1.07 (0.62-1.85) 1.26 ( 0.94-1.69) 

Low pain tolerance 
1.19 (1.03-1.38) 1.22 (1.01-1.47) 1.39 (1.19-1.63) 
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The Tromsø Study 2007-2008. HR indicates hazard ratio; CI, confidence interval. Diabetes is defined as self-reported diabetes, use of anti-diabetic drugs 

and/or HbA1c≥6.5%; hypertension as self-reported hypertension, use of anti-hypertensive drugs and/or systolic blood pressure≥140 mmHg or diastolic 

blood pressure ≥90 mmHg; hypercholesterolemia as self-reported, use of lipid-lowering drugs, total cholesterol level≥7 mmol/L and/or low-density 

lipoprotein ≥5 mmol/L. 
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Figure S1. Cumulative Incidence Function. The Tromsø Study.  

 

Cumulative incidence function for death in participants with low pain tolerance and high pain 

tolerance, adjusted for sex and age as time-scale. 
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