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Aims With the introduction of widespread pain (WSP) as a separate diagnostic code in the ICD-11, WSP has now be-
come an own clinical diagnosis independent of the underlying pathophysiology. Research has reported aetiological
associations of WSP and cardiovascular diseases. However, studies on mortality risk in individuals with WSP have
reported inconsistent results. This study investigates whether there is increased mortality in WSP individuals and
establish potential determinants of mortality risk. Therefore, we evaluates the population-based prospective cohort
of the Framingham Heart Study (FHS).

...................................................................................................................................................................................................
Methods and
results

The FHS is a longitudinal multi-generational study. Pain status was assessed uniquely between 1990 and 1994. Cox
proportional hazards modelling was used to estimate hazard ratios (HRs) of WSP on all-cause mortality controlling
for sex and age, cardiovascular risk factors, cancer history, lifestyle factors and current medication. WSP examin-
ation was carried out in 4746 participants of the FHS (60.3 ± 13.5 years, 55.1% women). A total of 678 (14.5%)
subjects fulfilled the criteria for WSP, whereas 4011 (85.5%) subjects did not. The follow-up time was 15 years,
during which 202 persons died in the WSP group and 1144 in the no-WSP group. When adjusting for age and sex,
all-cause mortality was increased by about 16% in WSP subjects. Individuals with WSP had an increased HR par-
ticularly for cardiovascular cause of death (HR adjusted by age and sex = 1.46, 95% confidence interval 1.10–1.94).

...................................................................................................................................................................................................
Conclusion Our data show that in a large population-based cohort, WSP is associated with increased HR for cardiovascular

cause of death, underlining the need for pain assessments in cardiovascular practice.
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Introduction

Pain conditions of the musculoskeletal system are highly prevalent
and associated with a high socioeconomic impact on the individual as
well as on society.1–3 This is especially true for widespread pain
(WSP) conditions, which have been related to elevated disability and
loss of quality of life.4,5 Widespread pain specifically presents as a
common health problem reported by more than one in ten adults,
with prevalence twice as high in women as in men.6,7 Accordingly,

the newly proposed ICD-11 lists WSP as the first diagnosis under the
category ‘primary pain syndrome’, thus setting WSP on the forefront
of primary pain conditions.8

Though different definitions exist, WSP is usually defined as pain
condition with concurrent axial pain and pain of the upper and lower
segment, as well as left-sided and right-sided pain.9,10 Several studies
on pain extent have found that the number of painful areas is a strong
prognostic factor on its own for the further course of disease.11–14
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Despite this relevance, however, there is inconsistent knowledge on
the consequences of WSP on physical health and mortality. Previous
research has suggested that disabling pain leads to a lifestyle, which is
characterized by factors that are likely to be associated with
increased mortality risk, such as lower levels of physical activity (PA)
and unfavourable nutritional habits leading to obesity and diabetes,
sleeping problems, or substance use.15,16 Interestingly, recent re-
search indicates a possible shared genetic basis between cardiovascu-
lar diseases and pain.17,18 However, the research on this field has only
just begun to emerge and thus far, only little is known about the po-
tential consequences of pain on mortality.

Mortality studies, however, are time-consuming and difficult to
conduct. Therefore, only few studies have focused on the association
of the spatial extent of pain and mortality with inconsistent
results.11,19–25 A recent meta-analysis showed that subjects with
WSP experience have higher mortality.22 Notable, even though there
remained an notable risk of cardiovascular death adjusting the risk
models for lifestyle variables, the authors concluded that excess mortal-
ity is unlikely to be due to the experience of pain per se but is explained
by lifestyle factors associated with having pain. However, generalizability
of these findings was limited due to the high heterogeneity between
them and their restriction to European countries. This is aggravated by
the fact that all studies to date were limited to official death registers
and none of them assessed mortality specific to cardiovascular events
and disease in more detail. However, error rates on death certificates
are high and extend to ICD-10 coding, thereby affecting most mortality
statistics.26,27 Given this situation, it was unclear until now whether—
and if so—how WSP is associated with excess mortality.

Against this background, the primary aim of this study was to inves-
tigate whether there is a difference in all-cause mortality between
people with and without widespread body pain and to investigate the
underlying mechanisms by taking into account socio-demographic
characteristics, cardiovascular risk factors, cancer history, and lifestyle
factors. For this purpose, we analysed data of the longitudinal multi-
generational Framingham Heart Study (FHS) population with a
follow-up interval of 15 years and incorporating the detailed review
of all medical records and autopsies to minimize the error rates on
the official death certificates.28

Methods

Study design
This study was carried out as a secondary analysis of data from the
population-based Framingham Heart Study (FHS). The FHS is a longitu-
dinal multi-generational study conducted in Framingham, MA, USA.28 The
original cohort started in 1949 and consisted initially of 5209 respondents
of a random sample of two-thirds of the adult population characterized
by absence of atherosclerotic cardiovascular disease. The ‘Framingham
Offspring Study’ was initiated in 1971 as a sample consisting of the surviv-
ing descendants of the original cohort participants and spouses of those
descendants. The characteristics and study protocol of both cohorts
have been published elsewhere.28,29 For the present investigation, we
included participants of the original cohort and the offspring cohort who
were examined between 1990 and 1994 and for whom data of a detailed
pain examination were available.

This study complied with the Declaration of Helsinki; written informed
consent was obtained from all study participants. The Institutional

Review Board of Boston University Medical Center and of Heidelberg
University, Medical Faculty Mannheim approved the study protocol
(2013-809R-MA).

Pain assessment
Over the study course, pain status was assessed uniquely using a question-
naire in which the spatial extent of pain was determined based on the FHS
pain homunculus (Exam 22 in the original cohort, and Exam 5 in the off-
spring cohort, respectively) for further details, see http://www.framingham
heartstudy.org/share/annoated_forms/foapain_2001s_annotated_form.
pdf. Therefore, during the exam, all participants were asked whether they
had pain, aching or stiffness in any of their joints on most days. Persons
who answered this question with ‘yes’ were asked to mark their painful
joints on a homunculus with circles showing upper and lower extremity
joints, and four areas of the back and neck, and on additional diagrams of
both hands (three joints on each finger) and both feet (joints at the base
of each toe). Based on the FHS pain homunculus, widespread body pain
was classified according to the American College of Rheumatology (ACR)
criteria for WSP: this requires axial skeleton pain in addition to pain in
two contralateral body quadrants10 and is further described in FHS-
coding manual (see http://www.framinghamheartstudy.org/share/coding_
manuals/foapain_2001s_v1_coding_manual.pdf). Additionally, the number
of painful areas was assessed according to the number of painful joint
areas on the pain homunculus. This count is calculated by summing up the
total number of painful joint areas where the participant reported pain.
The hands and feet were counted as one site each for this total score
(total joint count with a range from 0 to 20 painful areas). See protocol/
FHS coding manual for further explanation (http://www.framingham
heartstudy.org). The FHS pain homunculus focusses on joint pain without
systematic recording of non-joint sites. Accordingly, a clear distinction be-
tween pain-free participants and participants with non-joint pain could
not be made. Thus, it was not possible to identify a truly pain-free group
and we therefore separated the FHS study participants into subjects with
WSP vs. those without including subjects with regional pain and no pain.

Outcome
The primary outcome of our study is all-cause mortality with a follow-up
time of 15 years after pain assessment. The FHS has clear definitions and
monitoring systems for determining day and cause of death for all partici-
pants. A panel of three physicians reviewed FHS, medical and hospitaliza-
tion records and, when available, autopsy reports to assign the underlying
cause of death as either: (i) coronary heart disease, (ii) stroke, (iii) other
cardiovascular death, (iv) cancer, (v) other causes, or (vi) unknown.28,30

Covariates
The influence of potential confounders was analysed by directed acyclic
graphs.31 We used the most recent covariate information during the
period of pain assessment (for the original cohort, those variables col-
lected during Exam 22, for the offspring cohort those collected during
Exam 5, respectively). Blood samples were taken and level of blood lipids
and glucose were measured after a fast of longer than 10 h.32 Blood pres-
sure was assessed by a physician. Medication (analgesic-narcotics,
analgesic-non-narcotics, sleeping pills, antidepressants, and sedatives)
were assessed by medical interview, as was smoking status (smoked ciga-
rettes regularly in last year: yes/no) and alcohol consumption (g/day).
Physical activity (PA) information was collected using a continuous vari-
able, designed to estimate oxygen consumption. Participants were asked
the average number of daily hours (h) spent asleep and at a sedentary,
slight, moderate, and heavy PA. The score was calculated as follows: [PA
score = (1.0� hsleep)þ(1.1� hsedentary)þ (1.5� hslight)þ (2.4� hmoder-

ate)þ (5.0� hheavy)].
33,34
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Statistical analyses
Descriptive statistics was performed for the total study population and
the two subgroups: participants with and without WSP. For continuous
variables mean, standard deviation and range were calculated for approxi-
mately normally distributed data, otherwise median and range were used.
For discrete data, absolute and relative frequencies were computed.
Individual survival time after date of pain assessment was computed and
right censored after 15 years as prior defined. For survival analysis com-
paring persons with WSP to those without, Cox proportional hazards
modelling was applied and the following covariates were included: crude
analysis; Model 1 adjusted for age and sex; Model 2 adjusted for age, sex,
and the following cardiovascular risk factors: smoking status, mean arter-
ial blood pressure, body mass index, total blood cholesterol, high-density
lipoproteins, blood glucose, medication use (narcotics, non-narcotics,
sedative, sleeping pills, antidepressants), alcohol consumption, marital sta-
tus, and job status; Model 3 adjusted for age, sex, and prior cancer diagno-
sis. Missing values of covariates were imputed 10 times using chained
equations with 100 iterations. For each imputed variable, the set of age,
sex, smoking status, mean arterial blood pressure, body mass index, total
blood cholesterol, high-density lipoproteins, blood glucose, medication
use (narcotics, non-narcotics, sedative, sleeping pills, antidepressants sep-
arately), alcohol consumption, marital status, and job status were used as
predictor variables. Physical activity was not imputed as descriptive ana-
lysis showed systematic missing at an age over 70 years. Initially, a 4th and
5th model was planned using the PA score (4th) and all covariates (5th).
However, due to the high number of missing data within this model
(1415 subjects with at least one missing covariate, corresponds to 30% of
study population) and a systematic missing of PA values in subjects
>_70 years, we decided to abstain from this analysis (see Supplementary
material online, Table S1). In addition, association of regions of painful
joints (total joint count) with all-cause mortality and cause-specific mor-
tality was analysed using Cox proportional hazards modelling adjusted
for age and sex. Proportional hazard assumption was checked for each
model. Correlation coefficients between transformed survival time and
the scaled Schoenfeld residuals were computed. Hazard ratios (HRs) and
95% confidence intervals (CIs) were calculated and the group with no
WSP was regarded as reference group. The same analysis was carried
out for death due to cardiovascular disease, and due to cancer. All P-val-
ues should be regarded as continuous parameters that reflect the level of
evidence and are therefore reported exactly. The data were processed
using statistical analysis software (R version 3.1.1 [2014-07-10]). All analy-
ses were performed according to a predefined statistical analysis plan
(available on request).

Confounder analyses
Several analyses were performed to examine the influence of potential
confounders on the results. The following variables were introduced into
the analyses: sex, age, mean arterial blood pressure, body mass index,
total blood cholesterol, high-density lipoproteins, blood glucose, cancer
history, level of PA, alcohol consumption, smoking status, and use of anal-
gesic medication.

To control for the impact of a present, serious painful disease on
the relation between pain and mortality a second analysis was per-
formed. For this purpose, individuals with WSP who died during the
first two years after inclusion or exited the study were excluded
(n = 149).

To examine the impact of drop-outs, non-responder analyses were
performed. Non-responder analysis addressed the subjects from
whom no pain data were available. In a second step, the drop-out
rate was analysed and compared between the two groups (WSP vs.
no-WSP).

Results

Subjects
Of the 5022 participants of the FHS (Original and Offspring co-
hort), 4746 subjects underwent the WSP examination and thus
were included in this study. Thereof, 57 subjects were excluded
because subjects did not take part in the corresponding examin-
ation (thus covariates were not available). Thus, 4689 subjects
could be included in the final analyses, with 678 subjects (14.5%)
fulfilling the criteria for WSP (WSP group), and 4011 subjects
(85.5%) being classified as no-WSP. Follow-up data was missing
for 48 subjects, and these subjects were right-censored at the last
available contact day (1%, 7 persons in the WSP group, and 41
persons in the no-WSP group).

Descriptive data are presented in Table 1. The initial health status
was comparable between both groups. The two groups descriptively
differed with regard to sex, age, use of analgetic medication, and job
status. After adjusting for sex and age, the groups differed in regard
to the use of analgetic medication only.

Death events and mortality data
The mean follow-up time was 15.0 years (with 25/75% percentiles:
13/15 years for the overall sample, WSP group, and for the no-WSP
group). The absolute number of death events over the follow-up
period of 15 years was 1346 (28.4%), with 202 (29.3%) death events
in the WSP group compared with 1144 (28.2%) death events in the
no-WSP group. Regarding death events with respect to underlying
cause, see Table 2. The all-cause mortality in the cohort was 22 per
1000 person years, with only slightly increased mortality in individuals
initially reporting WSP (22.7/1000 person years compared with 21.9/
1000 person years in individuals without WSP).

Based on the hypotheses of this study, mortality was compared be-
tween the WSP group and the no-WSP group. When adjusting for
age and sex using Cox regression analysis, mortality was higher
among individuals with WSP compared with those without (hazard
ratio = 1.16, 95% CI 1.00–1.35; P = 0.051). Figure 1 shows the Kaplan–
Meier survival curves for all-cause mortality stratified by groups with
WSP and without WSP.

When analysing cause of death, report of WSP resulted in an
increased HR for cardiovascular (CVD) cause of death (HR adjusted
by age and sex = 1.46, 95% CI 1.10–1.94; P = 0.008; Figure 2), but not
for cancer mortality (0.69, 95% CI 0.38–1.27; P = 0.24;
Supplementary material online, Figure S1). Analysing non-fatal events,
report of WSP resulted in an increased ratio for CVD events [odds
ratio (OR) adjusted by age and sex =1.32, 95% CI 1.07–1.62], but not
for cancer events (OR adjusted by age and sex = 0.96, 95% CI 0.74–
1.25, see Table 2). Additional Cox regression models incorporating
the effect of potential confounders showed comparable HRs to the
age- and sex-adjusted model (Table 3). There was an association be-
tween CVD mortality and WSP, while none for cancer mortality.
Considering individually the relationship of different medication
classes (narcotics, non-narcotics, antidepressants, sedative, and sleep-
ing pills) to overall mortality, for none of these medications a relation-
ship to CVD-related death could be found. Of note, narcotics were
related to both overall death (HR = 2.79, 95% CI 1.81–4.31) and
cancer-related death (HR = 5.36, 95% CI 2.52–11.4), but not with
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..CVD-related death (HR = 1.24, 95% CI 0.38–4.02) in our statistical
model.

In the subgroup analyses excluding individuals with WSP who died
or exited the study during the first two years after inclusion, the age-
and sex-adjusted all-cause mortality among individuals with WSP was
HR = 1.16 (95% CI 1.00–1.36, P = 0.057), the cardiovascular mortality

was HR = 1.47 (95% CI 1.09–1.99, P = 0.012), and the cancer mortal-
ity was HR = 0.85 (95% CI 0.60–1.20, P = 0.35) compared with indi-
viduals without WSP. In an additional sensitivity analysis, we repeated
all analyses separately for the two cohorts (original cohort and off-
spring cohort), but they showed the same results (see
Supplementary material online, Table S2).

....................................................................................................................................................................................................................

Table 1 Sociodemographic characteristics of the study sample of the Framingham Heart Study at baseline pain
assessment

All No WSP WSP P-value

Number of subjects 4689 4011 678

Death events in follow-up of 15 years, N (%) 1346 (28.4%) 1144 (28.2%) 202 (29.3%) 0.05

Loss during follow-up 48 (1%) 41 (1%) 7 (1%) 1.00

Follow-up time, median (range) 15.0 (0.02–15.0) 15.0 (0.02–15.0) 15.0 (0.06–15.0) 0.80

Age (years), mean ± SD (range) 60.3 ± 13.5 (26.0–99.0) 60.1 ± 13.7 (26.0–99.0) 61.3±12.1 (31.0–98.0) 0.02

Female sex, N (%) 2584 (55.1%) 2129 (53.1%) 455 (67.1%) <0.001

Total count of painful joints, median, (range) 1.0 (0–20) 1.0 (0–16) 7.0 (3–20) <0.001

Body mass index (kg/m2), mean ± SD (range) 27.3 ± 4.9 (14.4–55.6) 27.0 ± 4.8 (14.4–55.6) 28.7± 5.5 (15.6–49.6) <0.001

NA: 117 NA: 96 NA: 21

Current smoking status, N (%) 799 (17.0%) NA: 4 681 (17.0%) NA: 4 118 (17.4%) NA: 0 0.80

Alcohol consumption (g/day), median (range) 1.0 (0.0–42.0) NA: 11 1.0 (0.0–42.0) NA: 11 1.0 (0.0–29.0) NA: 0 <0.001

PA score, median (range) 33.2 (25.9–83.7) 33.2 (25.9–68.6) 32.9 (25.9–83.7) 0.20

NA: 1117 NA: 995 NA: 122

Sitting activities (h), mean ± SD 7.20 ± 2.69 7.17 ± 2.65 7.38 ± 2.91 0.20

Slight PA (h), mean ± SD 6.07 ± 2.28 6.07 ±2.25 6.10 ± 2.40 0.70

Moderate PA (h), mean ± SD 2.69 ± 2.01 2.69 ± 2.00 2.69 ± 2.04 0.80

Severe PA (h), mean ± SD 0 (0–14) 0 (0–10) 0 (0–14) 0.007a

Total cholesterol (mg/dL), mean ± SD 203.0 ± 36.8 NA: 129 204.1 ± 36.6 NA: 103 207.7 ± 37.7 NA: 26 0.03

High-density lipoproteins (mg/dL), mean ± SD 49.7 ± 15.3 49.6 ± 15.2 50.2 ± 15.6 0.30

NA: 144 NA: 116 NA: 28

Arterial blood pressure (mmHg), mean ± SD 92.5 ± 3.8 NA: 7 92.3 ± 12.2 NA: 7 93.8 ± 12.0 NA: 0 0.003

Fasting blood glucose (mg/dL), mean ± SD 103.8 ± 33.6 NA: 123 103.5 ± 33.6 NA: 97 105.4 ± 33.5 NA: 26 0.20

Analgetic Medication (any)

Narcotics 48 (1.0%; NA: 3) 28 (0.7%; NA: 3) 20 (2.9%; NA: 0) <0.001

Non-narcotics 266 (5.6%; NA: 3) 192 (4.7%; NA: 3) 74 (10.7%; NA: 0) <0.001

Antidepressants 159 (3.4%; NA: 1) 124 (3.1%; NA: 1) 35 (5.1%; NA: 0) 0.008

Sedativa 140 (3.0%; NA: 2) 103 (2.5%; NA: 1) 37 (5.4%; NA: 0) <0.001

Sleeping pills 46 (1.0%; NA: 2) 33 (0.81%; NA: 1) 13 (1.7%; NA: 1) 0.01

Merital status 0.20

Single 291 (6.1%) 262 (6.5%) 29 (4.2%)

Married 3359 (70.8%) 2865 (70.6%) 494 (71.7%)

Widowed 594 (12.5%) 498 (12.3%) 96 (13.9%)

Divorced 384 (8.1%) 333 (8.2%) 51 (7.4%)

Separated 54 (1.1%) 46 (1.1%) 8 (1.2%)

NA: 7 NA: 7 NA: 0

Job status <0.001

No occupation 2037 (42.9%) 1686 (41.6%) 351 (50.9%)

Part-time occupation 2108 (44.4%) 1864 (45.9%) 244 (35.4%)

Full-time occupation 517 (0.9%) 439 (10.9%) 78 (11.3%)

NA: 27 NA: 22 NA: 5

Approximately normal-distributed continuous parameters were compared with Student’s t-test, otherwise with Mann–Whitney U test and v2 test were used.
NA, not available; PA, physical activity; SD, standard deviation; WSP, widespread pain.
aProportional hazard assumption not fulfilled.
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..The number of painful regions (total joint count) was significantly
linked to all-cause mortality. Cox regression modelling with adjust-
ment for age and sex showed higher mortality in subjects with more
pain regions: HR = 1.03 per painful region (95% CI 1.01–1.04;
P < 0.004). Similar to WSP, the number of painful regions was associ-
ated with cardiovascular mortality (HR = 1.05, 95% CI 1.02–1.08;
P < 0.004) but not with cancer mortality (HR = 0.99, 95% CI 0.96–
1.03; P = 0.65).

Non-responder analyses
A first non-responder analysis addressed the subjects from whom no
pain data were available. Out of these 276 (5%) subjects, 184 were fe-
male (67%), and these persons were in average 10 years older than
the subjects with pain data. Other systemic cardiovascular parame-
ters were comparable. In the study follow-up period of 15 years, 48
subjects (1%) dropped out of the study [41 in the no-WSP group
(1.0%), and 7 in the WSP group (1.0%)].

....................................................................................................................................................................................................................

Table 2 Fatal and non-fatal events with respect to underlying cause in subjects with widespread pain compared to
those without

Fatal and non-fatal events in the next 15 years All No WSP WSP

Number of subjects, N (%) 4689 (100%) 4011 (100%) 678 (100%)

>_1 non-fatal cardiovascular event in follow-up of 15 years, N (%) 851 (18.1%) 708 (17.7%) 143 (21.1%)

Death events in follow-up of 15 years, N (%) 1346 (28.7%) 1144 (28.2%) 202 (29.3%)

CVD death 344 (7.3%) 285 (7.0%) 59 (8.6%)

CHD death 136 (2.9%) 113 (2.8%) 23 (3.3%)

CVA death 91 (1.9%) 77 (1.9%) 14 (2.0%)

Other CVD death 117 (2.5%) 95 (2.3%) 22 (3.2%)

Cancer death 342 (7.3%) 302 (7.4%) 40 (5.8%)

Subjects with cancer in follow-up of 15 years, N (%) 1315(28.4%) 1136(28.3) 179(26.4)

Other reasons 546 (11.6%) 467 (11.5%) 79 (11.5%)

Cause unknown 114 (2.4%) 90 (2.2%) 24 (3.5%)

Loss to follow-up 48 (1.0%) 41 (1.0%) 7 (1.0%)

CHD, coronary heart disease; CVA, cerebral vascular accident (stroke); CVD, cardiovascular disease; WSP, widespread pain.

Figure 1 Overall survival rates in widespread pain. Survival related to initial pain assessment in females (A) and males (B). Survival curves adjusted
for age during the observation period (15 years) stratified by groups with no widespread pain report (no-WSP, upper curve) and with widespread
pain (WSP, lower curve). For both endpoints, the curves diverge continuously and significantly throughout the 15 years of follow-up. Crosses indicate
censored cases.
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..Discussion

The primary aim of this study was to explore whether there is a dif-
ference in all-cause mortality between people who report WSP and
those who do not. The current study found that all-cause mortality
was increased by about 16% in WSP subjects, largely accounted for
by cardiovascular events, but not for cancer mortality.

Cardiovascular mortality
Our results provide evidence that WSP was associated specifically
with increased risk for cardiovascular cause of death, but not for can-
cer mortality. Focusing on cardiovascular events, cox proportional
hazards modelling revealed an increase in cardiovascular causes of
death of more than 40% in the WSP group compared with the no-

Figure 2 CVD mortality related to initial pain assessment. CVD mortality related to initial pain assessment in females (A) and males (B). Survival
curves adjusted for age during the observation period (15 years) stratified by groups with no widespread pain report (no-WSP, upper curve) and
with widespread pain (WSP, lower curve). For both endpoints, the curves diverge continuously and significantly throughout the 15 years of follow-
up. Marking of censored subjects was abandoned for better illustration of the curves due to the high number of censored cases with death due to
cancer reasons.

....................................................... ....................................................... ........................................................

....................................................................................................................................................................................................................

Table 3 Mortality in relation to report of widespread pain vs. not, and confounding factors

Crude Model 1 Model 2 Model 3

All-cause

mortality

All-cause

mortality

CVD

mortality

Cancer

mortality

All-cause

mortality

CVD

mortality

Cancer

mortality

All-cause

mortality

CVD

mortality

Cancer

mortality

No WSP 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

WSP 1.04a

(0.89–1.21)

1.16

(1.00–1.35)

1.46

(1.10–1.94)

0.69

(0.38–1.27)

1.06

(0.91–1.24)

1.38

(1.03–1.84)

0.76

(0.54–1.07)

1.16

(1.00–1.35)

1.46

(1.10–1.94)

0.74

(0.40–1.35)

P-value 0.62 0.051 0.008 0.235 0.45 0.033 0.115 0.050 0.008 0.322

n/events/

missingsb

4689/1346/0 4689/1346/0 4689/344/0 4689/342/0 4689/1346/0 4689/1346/0 4689/1346/0 4689/1346/0 4689/344/0 4689/342/0

Crude and adjusted hazard ratios with 95% confidence intervals.
CVD, cardiovascular disease; WSP, widespread pain.
aProportional hazard assumption not fulfilled.
bn/events/observations deleted due to missings.
� Model 1 is adjusted for sex and age.
� Model 2 (‘cardiovascular’) is additionally adjusted for cardiovascular risk factors: smoking status, mean arterial blood pressure, body mass index, total blood cholesterol, high

density lipoproteins, blood glucose, medication use (narcotics, non-narcotics, sedative, sleeping pills, antidepressants), alcohol consumption, marital status, and job status.
� Model 3 (‘cancer’) is adjusted for sex, age and cancer history.
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..WSP group. The association between WSP and an excess in cardio-
vascular mortality is in line with a recent meta-analysis including data
from the UK Biobank that found an increased mortality risk due to
cardiovascular disease in individuals with WSP.22 Notable, even
though there remained an notable risk of cardiovascular death adjust-
ing the risk models for lifestyle variables in this study, the authors con-
cluded that excess mortality unlikely to be due to the experience of
pain per se but is explained by lifestyle factors associated with having
pain.22 But this conclusion is not supported by the findings presented
here where additional analyses incorporating the effect of lifestyle
factors showed comparable HRs to the age- and sex-adjusted model.
Considering lifestyle factors this study focused on PA and substance
use (smoking, alcohol, and medication) as potential predictors of
mortality. However, indicators of PA level and its associated subcate-
gories (time spent in sitting activities, slight physical activities, moder-
ate physical activities, or heavy physical activities), smoking status as
well as substance use were similar between the WSP and no-WSP
group indicating that these variables do not play a pivotal role. In par-
ticular, the small differences in the activity measures were a little sur-
prising, but might be explained by the generally very low level of
activity in this FHS study cohort. Of note, various analgesic medica-
tions have been related to cardiovascular mortality. However, in our
analyses, none of the medication classes assessed in this cohort were
related to CVD-related death. Although there was a relationship be-
tween narcotics and both overall mortality and cancer-related mor-
tality, there was no relationship of narcotics to CVD-related
mortality. Interestingly, a Swedish study suggested that psychosocial
factors such as level of perceived stress and sleeping problems might
be of particular importance in this respect.35 In line with this, a recent
editorial highlights in particular the importance of also attending to
the psychosocial domains of WSP and their multifaceted potential

consequences, including the mediation between WSP and increased
mortality.36 Further studies regarding the association between psy-
chosocial stress, WSP and mortality would be needed to establish
the role of these variables with more confidence.

Cancer mortality
Earlier studies reported an association between the report of WSP
and subsequent death from cancer in the medium and long term.22

However, the mortality data from the population-based cohort of
the FHS presented here do not support this previous research. In
contrast to earlier findings, when analysing cause of death, cancer
mortality did not differ significantly between the WSP and no-WSP
group, this result was still present when adjusting for a previous his-
tory of cancer. This finding might be related to the strength of the
FHS focusing specifically on phenotyping cardiovascular events.
Feasibly, lethal cardiovascular events caused by or in the context of
cancer may more likely be identified as CVD death than in other
studies, in which any death in the course of cancer is often classified
as death by cancer. Speculatively, cancer patients with comorbid
WSP may be at an increased risk to die from cardiovascular events
than cancer patients without comorbid WSP.

Strengths and limitations
Some limitations of this study have to be mentioned including that
pain assessment and definition differed from previous studies.
Assessment of joint pain in the FHS did neither address temporal
aspects of pain in more detail, nor the severity or the underlying
pathophysiology of the pain. Even though the FHS pain assessment
asked for pain on most days, temporal aspects of pain were not expli-
citly quantified. Similar, severity of pain was not assessed. Hence, no

Take home figure Cardiovascular mortality related to initial pain assessment in females and males. Survival curves adjusted for age during the
observation period stratified by groups with no widespread pain (upper curve) and with widespread pain (lower curve). For both endpoints, the
curves diverge continuously and significantly throughout the 15 years of follow-up.
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.
distinction between acute and chronic pain could be made, and it was
not possible to evaluate the pain-related immobility. However, a pre-
vious study found that increased mortality for individuals with WSP
was independent of pain duration and that there is no difference in
mortality between individuals with regional chronic pain and individu-
als without chronic pain.35 Further, FHS pain homunculus represents
primarily a joint pain assessment, which did not specifically consider
pain at non-joint sites. Pain at non-joint sites could not be ruled out
with certainty. Consequently, it was not possible to define a ‘regional
pain’ or truly ‘pain-free’ group. Furthermore, it was not possible to
take into account the pathophysiological processes underlying the
pain. In this respect, more detailed information on ‘specific’ reasons
of pain (degeneration, rheumatic disease, post-trauma, etc.) would
have been desirable. Initially, analyses on the presence of rheumatoid
arthritis were planned. However, the data regarding the presence of
rheumatoid arthritis were incomplete (only in the original cohort),
and the overall prevalence of rheumatic arthritis patients in this sub-
group was not very high (49/993). A sensitivity analysis after exclu-
sion of these subjects showed no relevant impact on the results in
this subgroup.

Another limitation of this study is the missing consideration of psy-
chosocial factors such as the individual level of distress and pain
related disability, but also socio-economic variables such as income
and educational attainment have not been taken into account.

Among the strengths of our study stand the large population-
based cohort design, the long observation period with regular exams,
the detailed documentation of causes leading to death including
autopsies, the careful ascertainment of cardiovascular risk factors
based on blood samples and clinical evaluation. Notably, this study is,
to our knowledge, the first to assess mortality associated with WSP
incorporating a detailed review of medical records and autopsies to
minimize the error rates on the official death certificates, as well as
detailed documentation of causes leading to death including the care-
ful ascertainment of cardiovascular risk factors based on blood sam-
ples and clinical evaluation. Moreover, clinical outcomes were
ascertained using detailed review of all medical records. With this ap-
proach we can show that the risk of cardiovascular mortality associ-
ated with WSP has so far been underestimated. This could have
implications for clinical practice in the future. Although clinical guide-
lines do mention the importance of mental stressors and explicitly
recommend the evaluation of psychosocial risk factors in clinical
practice,37 the evaluation of chronic and generalized pain has so far
not been included. And this despite the fact that chronic pain is by far
the most common global cause of health impairment and probably
one of the most common stressors at all.

Conclusions

Taken together, the findings of this research demonstrate that all-
cause mortality is increased in individuals with WSP. It is shown that
WSP is associated with increased risk for cardiovascular death,
but not for cancer mortality. This increased risk is independent from
age and gender, PA, medication use as well as multiple cardiovascular
risk factors. It is upon future research to show whether and which
psychosocial factors may explain the excess mortality seen in WSP
subjects.

Supplementary material

Supplementary material is available at European Heart Journal online.
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