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Objective: To determine whether the intensity,
spread and sensitivity of chronic pain can be pre-
dicted using demographic features, socioeconomic
conditions and comorbidities.

Design: A longitudinal study design was employed.
Data was collected at baseline and at 2-year follow-
up.

Setting: General population in south-eastern Sweden.
Subjects: A representative stratified random sam-
ple of 34,000 individuals, between 18 and 85 years
of age, selected from a sampling frame of 404,661
individuals based on the Swedish Total Population
Register.

Methods: Eligible individuals were sent postal sur-
veys in 2013 and 2015. The 2 surveys included the
same questions about basic demographic data, co-
morbidities, and chronic pain intensity, spread and
sensitivity.

Results: Several socio-demographic features and co-
morbidities at baseline were significant predictors of
characteristics of pain (intensity, spread and sensi-
tivity) at the 2-year follow-up. When characteristics
of pain at baseline were included in the regression
analyses they were relatively strong significant pre-
dictors of characteristics of pain after 2 years. After
this adjustment there were fewer socio-demogra-
phic and comorbidity predictors; the effect estimates
for those significant predictors had decreased.
Conclusion: Clinical assessment should focus on
several characteristics of pain and include a broad
medical screening to capture the overall burden of
pain in adults from a longitudinal perspective.
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pproximately 20% of the European population

have moderate to severe chronic pain (CP) (>3
months) (1), hence it is important to elucidate the
trajectory of CP and determine which factors affect
this trajectory.

(LAY ABSTRACT A
This study shows how characteristics of chronic pain (in-
tensity, spread and sensitivity) can be predicted using
demographic and socioeconomic factors and other med-
ical conditions. Information was collected from 34,000
individuals between 18 and 85 years of age in south-
eastern Sweden. Several socio-demographic factors and
other medical conditions were predictors of pain inten-
sity, spread and sensitivity after 2 years. When pain
characteristics were taken into consideration in the ana-
lysis they were relatively strong predictors of the pain
characteristics after 2 years. After modification of the
analysis, there were fewer socio-demographic and med-
ical predictors and their importance had decreased. In
planning treatment and rehabilitation for chronic pain,
pain intensity, spread and sensitivity should specifically
\be taken into account. W,

Longitudinal studies have investigated how CP
itself, socio-demographic factors and comorbidities
impact CP over time (2-8); however, the results of
those studies often do not agree, and do not cover
all important characteristics of pain. Some studies
have predicted the presence of chronic widespread
pain and/or spreading (of pain on the body) (2, 4-6).
Other studies have predicted new onset of CP (3). Li-
kewise, pain intensity (severity rated by the subject on
a numeric scale) and pain sensitivity (increased pain
responsiveness to noxious and/or non-noxious stimuli)
are important aspects that contribute to the clinical
presentation of CP (9, 10). Together with physical and
emotional functions, comorbidities, coping strategies,
and quality of life aspects, these characteristics of pain
should be taken into account when elucidating the
impact of pain (11-14).

Previous cross-sectional epidemiological studies
have found that socio-demographic factors, such as
age, sex, marital status, educational level and low
income (15, 16), are associated with CP (i.e. duration
>3 months).

Recent longitudinal studies have investigated the
importance of some comorbidities, e.g. anxiety, de-
pression, sleeping difficulties, body mass index (BMI)
(2-6), or used an index for comorbidities (4). However,
other comorbidities, e.g. heart disease, hypertension,
diabetes and pulmonary disease, have also been as-
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sociated with CP (5, 17-19), and some of these are

more frequent in widespread pain than in local pain

(14). Moreover, some studies provide prediction mo-

dels after adjustment for baseline pain (4, 5, 7), while

others do not (6). Thus, it is not known whether the
reported pattern of pain predictors would be the same
if such adjustments were performed.

The impact of socioeconomic factors and comorbi-
dities on characteristics of pain (intensity, spreading
and sensitivity) might differ from the longitudinal
perspective. More knowledge of predictors of inten-
sity, spread and sensitivity of CP is needed, and it is
reasonable to assume that several factors could serve
as predictors for the development and persistence of
different pain characteristics. There is agreement that
both the pain experience and the CP condition must
be bio-psychosocially assessed and managed in the
clinical situation (20, 21).

The rationale for this study is that longitudinal associ-
ations between pain characteristics and sociodemograp-
hic and physical and psychological comorbidities have
been incompletely examined in multivariate models.

The aim of this study was to elucidate the multiva-
riate longitudinal associations, using 2-year follow-up
epidemiological data (collected in 2013 and 2015)
from a general population in south-eastern Sweden
(the SWEPAIN cohort) to examine whether characte-
ristics of pain are predicted by demographic features,
socioeconomic conditions and certain comorbidities.
It was hypothesized that:

* sociodemographic features and certain comorbidities
would predict pain intensity, spread and sensitivity
at a 2-year follow-up survey of a general population;

* baseline adjustments of pain intensity, spread of pain
on the body, and sensitivity would markedly affect
the pattern of important predictors.

METHODS

Design, subjects and procedures

The present study used data from the SWEPAIN cohort (14,
22), which has been approved by the local ethics committee
of Linkoping University, Sweden (Dnr: 2011 72/31). Baseline
data (TO) were collected using a stratified random sample of
34,000 individuals from a sampling frame based on the Swe-
dish Total Population Register. The sample frame consisted of
404,661 individuals who were 16—85 years old and living in
south-eastern Sweden.

The random sampling was stratified by sex and municipality
to reach individuals living in urban and rural areas (14). Data
were collected by Statistics Sweden. The selected individuals
received a postal questionnaire in March 2013, which could be
returned either by post or electronically. A reminder was sent
to non-responders after 2 weeks and, if necessary, another re-
minder was sent 2 weeks later. The collection of questionnaires
ended in May 2013. Follow-up data (T1) were collected 2 years

www.medicaljournals.se/jrm

later. Only individuals who completed and returned the first
questionnaire were eligible to participate in the follow-up as-
sessment. Eligible individuals received a postal survey in March
2015, which could be returned by post or electronically. Two
reminders were sent. Collection of follow-up data ended in May
2015. The surveys at TO and T1 included the same questions.
The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) (23) statement was followed.

Predictor variables

Sociodemographic features. The survey questions about basic de-
mographic data (age and sex), country of birth (Sweden vs abroad
(i.e. being an immigrant)), citizenship (Swedish vs other), marital
status (single, married, divorced, or widowed), educational level
(elementary school, secondary upper school/vocational training,
or university education), employment status (employment vs
unemployment), and household annual income in 2010.

Physical and psychological comorbidities. Assessment of co-
morbidities was based on a self-reported questionnaire published
elsewhere (10, 24, 25). A copy of the questionnaire is available
from the corresponding author on request. Briefly, it covers 12
disorders and diseases: traumatic injuries; rheumatoid arthritis
and osteoarthritis (RA/OA); cardiovascular disorders (CVD, in-
cluding high blood pressure, angina pectoris, and heart attacks);
pulmonary disorders; gastrointestinal (GI) disorders; disorders
of the central nervous system (CNS) (including ophthalmolo-
gical and ear—nose—throat disorders); urogenital disorders; skin
disorders; tumours and cancer; metabolic diseases (including
diabetes, obesity, anorexia, bulimia, and goitre); depression; and
anxiety. These comorbidities were reported on a 5-point scale: 1:
no; 2: yes, according to both my own and my doctor’s opinions;
3: yes, according to my own opinion; 4: yes, according to my
doctor’s opinion; and 5: I do not know. The answers for 2, 3,
and 4 were combined into category “yes” in order to obtain a
robust measurement of the presence of the specific comorbidity
vs the answer “no” (10, 24, 25). The answer option “I do not
know” was also recorded as “no”. Self-reported assessments of
comorbidities are widely used in the literature and have been
reported to be reliable (26).

Selection of predictor variables

The selection of these predictor variables (e.g. socio-demo-
graphic factors and comorbidities) was based on recognized
associations with pain intensity, spread and sensitivity of pain
(2-8, 27-31) and on disease states common worldwide.

Outcome variables

Definition of chronic pain. All respondents were asked to report
if they had CP, defined by a single question “Do you frequently
(usually) have pain lasting more than 3 months?” (yes/no).
Subjects who responded “no” were assigned to the no pain (NP)
cohort, while those who responded “yes” were assigned to the
chronic pain (CP) cohort.

Pain intensity. Only those respondents who were assigned to
the CP cohort were additionally asked to complete their mean
pain intensity during the previous 7 days on a numeric rating
scale (NRS7d) (0=not at all to 10=worst imaginable pain) (32).

Pain spreading categories based on the number and location
of pain sites. The participants with pain marked the site of their
pain during the previous 7 days on a body chart divided into 45
sections (22 on the front and 23 on the back) (14). One marked
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area corresponds to 1 pain site; hence, the maximum number of
pain sites was 45. Based on these 45 pain sites, 23 anatomical
regions were determined and a total pain index, ranging from 0
to 23, was considered (22). Using a slightly modified definition
developed by MacFarlane et al. (33), widespread pain (WSP)
was defined as pain in at least 2 sections in 2 contralateral
limbs and the axial skeleton and marked equally on the front
and back of the chart. MacFarlane et al. defined WSP in the
limbs to be present “if there are at least 2 painful sections (in
2 contralateral limbs)”, a definition that does not require pain
to be marked equally on the front and back of the chart (33).
Therefore, the current study uses a stricter definition of WSP
than the American College of Rheumatology criteria (34). In ad-
dition to WSP, the following categories were defined: 1: No pain
(NP) if the participants reported zero anatomical sites with pain
(i.e. pain index=0) and answered “no” to the question “Do you
frequently (‘usually’) have pain lasting more than 3 months?”
and did not report on pain intensity above (this group served
as the reference; category=0); 2: Local pain (LP) if the partici-
pants reported 1-2 anatomical sites; 3: Regional Pain-Medium
(RP-Medium) if the participants reported 3—6 anatomical sites
with pain; and 4: Regional Pain-Heavy (RP-Heavy) if the
participants reported 7—17 anatomical pain sites with pain, but
which did not fulfil the WSP criteria. WSP, a common clinical
entity, depends both on the number of pain sites and their spatial
distribution. As discussed elsewhere (14), a minority of subjects
with RP-Heavy could have a higher number of pain sites than
some of the subjects with WSP (14); however, in this study
the 95% confidence intervals (95% CI) for the number of pain
sites clearly differed between RP-Heavy and WSP (Table SI').

Pain sensitivity. Pain sensitivity was assessed by all participants
using the Pain Sensitivity Questionnaire (PSQ), which consists
of 17 items that each describe a daily life situation (35). The
PSQ asks all participants to rate how intense pain in each situa-
tion would be for them on an NRS (ranging from 0=not painful
at all to 10=worst pain imaginable). Whereas 14 of the items
relate to situations that are assessed as painful by a majority of
healthy subjects, 3 items describe situations that are usually not
rated as painful (e.g. taking a warm shower). These 3 items are
interspersed between the items to serve as non-painful sensory
reference for the individuals and were not considered when
calculating the final score. The items cover a range of pain in-
tensities, a variety of pain types (e.g. hot, cold, sharp, and blunt),
and body sites (head, upper extremity, and lower extremity). The
mean of the 14 items mentioned above (relate to situations that
are assessed as painful by most healthy subjects) was calculated
(range 0-10). In this study, we used the Swedish adaptation of
the PSQ (22). The Cronbach’s alpha was 0.93 (22). However, the
Swedish version of the PSQ has so far not been validated. Since
reliability, content, structural validity, and hypothesis testing
regarding (36) the PSQ were quite consistently good across 3
investigated languages and cultures (35, 37, 38), there is good
reason to believe the same for the Swedish version.

Data analysis

All statistical analyses were performed using IBM SPSS Statis-
tics (version 23.0; IBM Inc., New York, USA). The sampling
weights for unequal possibilities of sample selection have been
reported elsewhere (14) Two-sided statistical tests were used
and p<0.05 was regarded as significant. Distributions and de-
scriptive statistics were examined for all variables for the total
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sample at TO and T1. Means and standard deviations (SDs)
were calculated for continuous variables, and frequencies with
percentages (n; %) were calculated for categorical variables.

The prospective 2-year follow-up analysis of each pain out-
come (i.e. pain intensity, spread and sensitivity) was performed
through a series of generalized linear models (GLM) used as
prediction models with baseline variables as predictors. GLM is
a flexible generalization of ordinary linear regression analyses
that allow for response variables that have error distribution
models other than a normal distribution (39). In the case of pain
intensity and pain sensitivity, which served as linear-response
data, the identity link function was used with maximum likeli-
hood estimation (MLE) and results are presented as parameter
estimates (B) with Wald 95% ClIs. In the case of the outcome
of the pain spreading categories, which served as an ordinal
response variable, the ordinal logit function was used, yielding
odds ratios (OR) and Wald 95% CIs. The significance of the
estimated effects in all GLM analyses was evaluated using the
Wald test (39). For analytical purposes in the prediction models,
the categorical variables were dichotomized and entered as
follows: sex (female=1), country of birth (abroad=1) citizen-
ship (other=1), marital status (married=1), educational level
(university, i.e. higher education=1), employment status (unem-
ployment=1), and existence of a certain comorbidity (yes=1).

To determine the variables to include in the multivariable
model, separate univariable analyses were performed with each
independent variable 1 at a time (single predictor model). Only
variables with p<0.20 in the single model were included in the
multivariable model. Next, we examined for multicollinearity
between the significant independent variables as derived by
univariable analyses by performing linear regression and by
examining tolerance and the variance inflation factor (VIF). A
tolerance of less than 0.20 or 0.10 and/or a VIF of 5 or 10 and
above indicates a multicollinearity problem (40). In the case
of multicollinearity, we also performed Pearson correlation (r)
analysis to test for bivariate correlations between the continu-
ous variables and phi coefficient (41), a measure of association
between the binary variables. High bivariate correlation coeffi-
cients <0.7 or phi (@) <0.3 (39, 40) indicate risk of collinearity;
in that case, only 1 of the 2 highly correlated variables were
included. Hence, citizenship as well as anxiety were excluded
from all multivariable models due to high correlation with birth
country (0=0.45) and depression (®=0.70), respectively. After
exclusion of the above variables, tolerance and variance inflation
revealed that there was no serious indication of multicollinearity.
Birth country and depression were kept in the model as they
exhibited more pronounced parameter estimates in univariable
analysis than citizenship and anxiety.

Two multivariable prediction models are presented. In model
1, all selected baseline (TO) variables according to the p-value
criteria of p<0.20 with respect to the single predictor model (with
exception of highly correlated variables) were included in 1 mul-
tivariable model. In model 2, all variables from the multivariable
model 1 along with the 3 pain characteristics for each outcome of
interest were simultaneously controlled for. Hence, pain intensity,
spread of pain and sensitivity at TO were entered in the multiva-
riable model 2, and only complete cases were included. These
2 models address different, but interrelated questions: 1: Which
socio-demographic features and comorbidities at baseline (T0)
predict pain at follow-up (T1)? And: 2: How do these predictive
associations change when differences in pain present already at
baseline are adjusted for? Model 1 thus provides estimates of
cumulative associations with pain, whereas the adjustment for
pain at baseline in model 2 implies that associations with changes
in pain occurring during follow-up are estimated.
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In all prediction models, the spread of pain variable was used
as a continuous variable (referred to as being covariate) when
adjusting for spread of pain at TO. A subsequent sensitivity
analysis was also performed, treating spread of pain at TO as an
ordinal covariate. At the follow-up, approximately 13-31% of
the observations were missing. Regarding pain intensity, missing
cases were calculated based on valid responses instead of the total
sample, since pain-free respondents did not answer this question.

Response rate and drop-out analysis for T0 and at 2-year
follow-up (T1)

At baseline (T0), 15,781 individuals (54% female) completed
and returned the questionnaire, a response rate of 46.4%. An-
other 218 subjects were excluded due to missing values to vital
questions (e.g. pain characteristics) of the survey. Hence, the
final response rate at TO was 45.8%. Of the 15,563 respondents,
56.8% were in the non-pain cohort (NP) and 43.2% in the CP

cohort. The response rate at TO was lower among men, single
people and immigrants (Table I).

At the 2-year follow-up survey (T1), 11,386 individuals (55%
female) completed and returned the questionnaire, which consti-
tuted a total of 73% rate of the 15,563 individuals who responded
to the first survey in 2013; 54.5% were in NP, and 45.5% in the CP
cohort. The response rate at T1 was lower among younger ages,
men, single people, secondary educated, unemployed, not Swe-
dish, lower household income, depression and anxiety (Table I).

RESULTS

Descriptive statistics at 2-year follow-up (T1)

Age range at the 2-year follow-up (T1) was 18-87
years (mean age 55.8; SD 17.5 years) and 55% were
female. Additional sociodemographic features at T1

Table I. Sociodemographic characteristics and study measures at baseline (T0), and at 2-year follow-up (T1), and characteristics of

non-participants at both times

Baseline (TO)

Follow-up (T1) Baseline (TO) Follow-up (T1)

Number of Participants Number Participants Non-participants  Non-participants
Characteristics answers (n=15,563) of answers (n=11,386) (n=18,219) (n=4,177)
Age, years, mean (SD) 15,563 51.6 (18.5) 11,384 55.8 (17.5) - 45.6 (19.5)
Sex, n (%) 15,563 11,386
Male 7,151 (46.0) 5,125 (45.0) 9,837 (54.0) 2,026 (48.5)
Female 8,412 (54.0) 6,261 (55.0) 8,382 (46.0) 2,151 (51.5)
Marital status, n (%) 15,555 11,386
Single 5,134 (33.0) 3,179 (27.9) 9,440 (51.8) 1,851 (44.3)
Married 7,825 (50.3) 6,105 (53.6) 6,347 (34.8) 1,721 (41.2)
Divorced 1,762 (11.3) 1,387 (12.2) 1,802 (9.9) 411 (9.8)
Widowed 834 (5.4) 715 (6.3) 630 (3.5) 191 (4.6)
Educational level, n (%) 15,256 11,162
Elementary school 3,442 (22.6) 2,491 (22.3) - 871 (21.5)
Secondary school or vocational training 6,225 (40.8) 4,257 (38.2) - 1,898 (46.9)
College or university 5,589 (36.6) 4,414 (39.5) - 1,282 (31.6)
Employment status, n (%) 15,115 11,002
Employment 8,708 (57.6) 6,213 (56.5) - 2,342 (58.4)
Unemployment 6,407 (42.4) 4,789 (43.5) - 1,671 (51.6)
Country of birth, n (%) 15,563 11,386
Sweden 14,093 (90.6) 10,496 (92.2) 14,475 (79.5) 3,597 (86.1)
Abroad (i.e. immigrant) 1,470 (9.4) 890 (7.8) 3,744 (20.5) 580 (13.9)
Citizenship, n (%) 15,563 11,386
Swede 15,197 (97.7) 11,194 (98.3) 16,786 (92.1) 4,019 (96.2)
Other 366 (2.3) 192 (1.7) 1,433 (7.9) 158 (3.8)
Household income, Euros per year, mean (SD) 15,510 55,270 (35,157) 11,386 58,419 (35,919) - 51,834 (36014)
Pain intensity (NRS7d), mean (SD) 6,870 4.8 (2.0) 5,305 4.7 (2.0) - 4.9(2.1)
Pain spreading, n (%) 15,562 11,386
NP 8,851 (56.9) 6,201 (54.5) - 2,364 (56.6)
LP 2,580 (16.6) 2,046 (18.0) - 690 (16.5)
RPM 2,989 (19.2) 2,359 (20.7) - 781 (18.7)
RPH 823 (5.3) 559 (4.9) - 247 (5.9)
WSP 319 (2.0) 221 (1.9) - 95 (2.3)
Pain sensitivity (mean PSQ), mean (SD) 15,415 3.7 (1.5) 11,278 3.9 (1.5) - 3.8 (1.6)
Comorbidities, n (%)
Traumatic injuries 14,887 1,506 (10.1) 10,800 1,013 (9.4) - 436 (11.2)
Rheumatoid arthritis-osteoarthritis (RA/OA) 14,932 2,823 (18.9) 10,595 2,307 (21.8) - 629 (16.5)
Cardiovascular disorders (CVD) 14,901 3,295 (22.1) 10,766 2,719 (25.3) - 700 (18.1)
Pulmonary disorders 14,972 1,614 (10.8) 10,816 1,169 (10.8) - 488 (12.5)
Gastrointestinal disorders (GI) 15,012 2,453 (16.3) 10,752 1,793 (16.7) - 680 (17.6)
Disorders of the CNS 15,001 2,993 (20.0) 10,865 2,218 (20.4) - 754 (19.3)
Urogenital disorders 14,883 725 (4.9) 10,740 582 (5.4) - 200 (5.2)
Skin disorders 14,968 1,851 (12.4) 10,861 1,356 (12.5) - 511 (13.1)
Tumours/cancer 14,687 545 (3.7) 10,635 454 (4.3) - 160 (4.2)
Metabolic disorders 15,000 1,559 (10.4) 10,852 1,223 (11.3) - 400 (10.3)
Depression 14,878 2,092 (14.1) 10,598 1,513 (14.3) - 666 (17.7)
Anxiety 14,868 2,537 (17.1) 10,570 1,842 (17.4) - 830 (21.9)

PSQ: Pain Sensitivity Questionnaire; SD: standard deviation; CNS: central nervous system; NP: no pain, LP: local pain; RPM: Regional Pain-Medium; RPH: Regional

Pain-Heavy; WSP: widespread pain, N: total number of participants.
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are reported in Table I. The mean pain intensity for
responders with pain at T1 was 4.7 (SD 2.0) and the
mean pain sensitivity (PSQ) was 3.9 (SD 1.5) among
all respondents at T1. The prevalence of NP was
54.5%. Of all the respondents at T1, the prevalence of
LP was 18.0%, RP-Medium 20.7%, RP-Heavy 4.9%,
and WSP 1.9%.

Table I also reports physical and psychological
comorbidities. The most common comorbidities at
T1 were as follows: CVDs (25.3%), RA/OA (21.8%),
and CNS disorders (20.4%).

Predicting pain intensity at T1

The univariable and multivariable analyses are pre-
sented in Table II. Univariable analyses showed that
all the examined variables at TO, except citizenship,
had p-values below 0.05 in their associations with pain
intensity at T1. In the multivariable analysis, without
any pain characteristics at TO included, female sex,
immigrant, traumatic injuries, RA/OA, CVDs, pulmo-
nary, GI, CNS and metabolic disorders, and depression
at TO were positive predictors of pain intensity at T1,
whereas age and higher education were protective
predictors (Table II; multivariable model 1).

When the 3 investigated characteristics of pain
at TO were introduced as predictors, they were all
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positive predictors (Table II; multivariable model 2).
Female sex, traumatic injuries, CVDs, and pulmonary
disorders remained as positive predictors. Only high
education remained as a protective predictor (Table I1;
multivariable model 2).

Predicting spread of pain at Tl

The univariable and multivariable analyses are presen-
ted in Table III. Univariable analysis showed that all the
examined variables at T0, except for citizenship, were
clearly associated with spread of pain at T1 (p<0.001).
Multivariate analysis, without any pain characteristics
at TO, showed that being female, immigrant, all studied
comorbidities except for pulmonary and urogenital
disorders, and tumours/cancer were positive significant
predictors of spread of pain at T1, whereas higher edu-
cation and unemployment were significant protective
predictors (Table III; multivariable model 1).

When the 3 pain characteristics at TO were intro-
duced as predictors, the following variables remained
as positive predictors: female, traumatic injuries, RA/
OA, CNS, and Gl disorders, whereas higher education
and unemployment disappeared as predictors (Table
IIT; model 2). In addition, all pain characteristics at TO
were positive predictors for spread of pain at T1 (Table
IIT; multivariable model 2).

Table II. Baseline predictors (TO) for pain intensity at 2-year follow-up (T1)

Multivariable 1 Multivariable 2

Univariable (N=4,473; 15.7% missing data)* (N=3,823; 28.1% missing data)*
Baseline predictors Estimate (B) 95% CI p-value Estimate (B) 95% CI p-value Estimate (B) 95% CI p-value
Pain intensity 0.51 0.48, 0.54 <0.001 - - - 0.43 0.40, 0.47 <0.001
Pain spreading® 0.52 0.47,0.56 <0.001 - - - 0.13 0.06, 0.20 <0.001
Pain sensitivity 0.27 0.24, 0.31 <0.001 - - - 0.08 0.04, 0.11 <0.001
Age, years 0.10 0.05,0.15 <0.001 -0.13 -0.21,-0.06 0.001 -0.03 -0.11, 0.05 0.501
Sex (female/maleP) 0.35 0.24,0.46 <0.001 0.34 0.23,0.46 <0.001 0.14 0.03,0.26  0.019
Marital status (married/other®) 0.14 0.07,0.20 <0.001 0.08 0.00, 0.16 0.052 0.06 -0.02, 0.13 0.163
Educational level (university/otherb) -0.35 -0.41, -0.28 <0.001 -0.29 -0.37, -0.21 <0.001 -0.13 -0.22, -0.05 0.001
Employment (unemployed/employed®) 0.35 0.25, 0.46 <0.001 0.03 -0.11, 0.16 0.712 0.02 -0.12, 0.16 0.765
Country of birth (abroad/Sweden®) 0.59 0.41,0.77 <0.001 0.31 0.12, 0.51 0.002 0.05 -0.16, 0.28 0.739
Citizenship (other/Swedenb) 0.38 -0.03, 0.78 0.070 - - - N - -
Household income, Euros per year -0.18 -0.22, -0.13 <0.001 -0.03 -0.08, 0.03 0.322 -0.04 -0.09, 0.02 0.166
Traumatic injuries (yes/nob) 0.65 0.50, 0.79 <0.001 0.45 0.30,0.60 <0.001 0.25 0.10, 0.39 0.001
Rheumatoid arthritis-osteoarthritis (yes/nob) 0.69 0.58,0.81 <0.001 0.45 0.32,0.57 <0.001 0.11 -0.01, 0.24 0.077
Cardiovascular disorders (yes/nob) 0.47 0.35,0.59 <0.001 0.31 0.17,0.44 <0.001 0.21 0.07, 0.35 0.002
Pulmonary disorders (yes/nob) 0.65 0.49, 0.81 <0.001 0.32 0.15,0.49 <0.001 0.22 0.05, 0.38 0.011
Gastrointestinal disorders (yes/nob) 0.55 0.42,0.67 <0.001 0.29 0.15,0.42 <0.001 0.12 -0.02, 0.25 0.091
Disorders of the CNS (yes/no®) 0.40 0.28, 0.52 <0.001 0.17 0.04, 0.30 0.012 -0.02 -0.15, 0.10 0.716
Urogenital disorders (yes/nob) 0.58 0.36, 0.80 <0.001 0.23 -0.01, 0.47 0.061 0.05 -0.19, 0.28 0.696
Skin diseases (yes/noP) 0.25 0.10, 0.41  0.001 0.03 -0.13, 0.19 0.694 0.01 -0.15, 0.17 0.891
Tumours/cancer (yes/nob) 0.28 0.01, 0.54 0.041 0.03 -0.27,0.32 0.851 0.14 -0.17, 0.45 0.364
Metabolic disorders (yes/no®) 0.55 0.39,0.70 <0.001 0.23 0.07, 0.40 0.006 0.03 -0.13, 0.19 0.297
Depression (yes/nob) 0.57 0.43,0.70 <0.001 0.31 0.16, 0.45 <0.001 0.13 -0.02, 0.27 0.082
Anxiety (yes/nob) 0.46 0.33,0.59 <0.001 - - - - - -

*N = number of complete cases included in the models out of a total of 5,305 valid responses for pain intensity. Pain intensity was measured only in pain population.
@Baseline spread of pain was entered to the models as covariate with 5 levels 0=no pain, 1 =local pain, 2 =Regional Pain-Medium, 3 =Regional Pain-Heavy, and

4 =widespread pain. bReference category.

CNS: central nervous system; B: unstandardized regression coefficient; CI: Wald confidence interval; multivariable 1: all baseline variables together in 1 model
without baseline pain dimensions; Multivariable 2: all baseline variables from multivariable model 1, including baseline pain dimensions. Significant differences in bold.
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Table III. Baseline predictors (TO) for pain spreading (NP, LP, RP-Medium, RP-Heavy, and WSP) at 2-year follow-up (T1) treated as an

ordinal outcome

Multivariable 1 Multivariable 2

Univariable (n=8,860; 22.2% missing data)* (n=7,874; 30.8% missing data)*
Baseline predictors Estimate (OR) 95% CI  p-value Estimate (OR) 95% CI  p-value Estimate (OR) 95% CI  p-value
Pain intensity 1.31 1.27,1.34 <0.001 - - - 1.15 1.11, 1.19 <0.001
Pain spreading® 4.09 3.92,4.27 <0.001 - - - 2.93 2.69, 3.18 <0.001
Pain sensitivity 1.21 1.17,1.24 <0.001 - - - 1.04 1.01,1.08 0.041
Age, years 1.15 1.12,1.19 <0.001 0.95 0.90,1.01 0.065 0.99 0.92,1.08 0.944
Sex (female/maleb) 1.77 1.65,1.90 <0.001 1.70 1.56, 1.84 <0.001 1.46 1.30, 1.65 <0.001
Marital status (married/other®) 1.18 1.12,1.23 <0.001 1.00 0.94,1.06 0.976 0.93 0.86, 1.02  0.099
Educational level (university/other®) 0.80 0.77,0.84 <0.001 0.86 0.84, 0.94 <0.001 0.98 0.90, 1.06  0.979
Employment (unemployed/employedb) 1.24 1.15,1.33 <0.001 0.76 0.69, 0.84 <0.001 0.94 0.81,1.08 0.402
Country of birth (abroad/Swedenb) 1.47 1.29,1.67 <0.001 1.33 1.15, 1.55 <0.001 0.95 0.77,1.18 0.952
Citizenship (other/Sweden") 0.96 0.74,1.26 0.785 - - - - - -
Household income, Euros per year 0.87 0.84, 0.89 <0.001 0.97 0.94,1.01 0.165 0.97 0.91,1.02 0.966
Traumatic injuries (yes/nob) 3.53 3.15, 3.96 <0.001 2.74 2.41, 3.12 <0.001 1.59 1.36, 1.85 <0.001
Rheumatoid arthritis/osteoarthritis (yes/nob) 4.26 3.90, 4.65 <0.001 3.49 3.14, 3.86 <0.001 1.50 1.31,1.71 <0.001
Cardiovascular disorders 1.55 1.43,1.68 <0.001 1.21 1.09, 1.35 <0.001 0.94 0.82,1.08 0.401
Pulmonary disorders (yes/nob) 1.76 1.57,1.97 <0.001 1.13 0.98,1.27 0.084 1.02 0.86,1.22 0.807
Gastrointestinal disorders (yes/nob) 2.71 2.46,2.98 <0.001 1.85 1.66, 2.05 <0.001 1.40 1.21,1.61 <0.001
Disorders of the CNS (yes/noh) 2.11 1.94,2.30 <0.001 1.54 1.39,1.71 <0.001 1.14 1.00,1.31 0.048
Urogenital disorders (yes/noh) 1.83 1.55, 2.14 <0.001 1.19 0.98,1.45 0.075 1.05 0.81,1.34 0.735
Skin diseases (yes/noP) 1.57 1.41,1.74 <0.001 1.23 1.09, 1.38 <0.001 1.12 0.95,1.32 0.186
Tumours/cancer (yes/nob) 1.42 1.18,1.71 <0.001 0.93 0.73,1.17 0.533 0.91 0.66,1.25 0.910
Metabolic disorders (yes/no®) 1.92 1.72,2.15 <0.001 1.31 1.15,1.49 <0.001 1.13 0.95,1.34 0.169
Depression (yes/no®) 2.54 2.29,2.82 <0.001 1.82 1.62,2.05 <0.001 1.15 0.98,1.34 0.081
Anxiety (yes/nob) 2.28 2.07,2.51 <0.001 - - - - - -

*n =number of complete cases included in the models out of a total of 11,386 respondents. Baseline spread of pain was entered to the models as covariate with
5 levels 0=no pain, 1=local pain, 2=Regional Pain-Medium, 3=Regional Pain-Heavy, and 4=widespread pain. PReference category.

OR: Odds ratio; CI: Wald confidence interval; NP: No pain; LP: Local pain; RP-Medium: Regional pain medium; RP-Heavy: Regional pain heavy; WSP: widespread
pain; CNS: central nervous system; Multivariable 1: all baseline variables together in 1 model without baseline pain dimensions; Multivariable 2: all baseline
variables from multivariable model 1, including baseline pain dimensions. Significant differences in bold.

Predicting pain sensitivity at T1

The univariable and multivariable analyses are presen-
ted in Table I'V. The univariate analysis showed that all
the examined variables at TO, except for traumatic inju-
ries, had p-values below 0.05 in their associations with
pain sensitivity at T1 (all p<0.05). In the multivariable
analysis without the pain, characteristics at TO included
female, immigrant, RA/OA, pulmonary, GI, urogenital,
and metabolic disorders, and were positive significant
predictors (Table I'V; multivariable model 1).

When the 3 pain characteristics at TO were intro-
duced as predictors, only pain sensitivity at TO was a
positive significant predictor of pain sensitivity at T1
(Table I'V; multivariable model 2). Only immigrant and
metabolic disorders remained as positive significant
predictors. The results of the current study regarding all
3 outcome variables remained to a great degree when
the spread of pain at TO was used as an ordinal cova-
riate in a subsequent sensitivity analysis (Table SII').

DISCUSSION

Several socio-demographic features and comorbidities
at TO were significant predictors of pain intensity,
spread and sensitivity 2 years later (T1). When the
pain characteristics at TO (i.e. intensity, spread and

www.medicaljournals.se/jrm

sensitivity) were included, these were relatively strong
significant predictors of intensity and spread at T1.
After that adjustment, both socio-demographic and
comorbidity predictors were substantially fewer and
for those significant predictors their effect estimates
had generally decreased. It is notable that being female
and traumatic injuries were likewise significant pre-
dictors, together with the 3 pain characteristics, for pain
intensity and spread at T'1; unique predictors (education
level and being an immigrant) also existed for these
2 pain characteristics. Pain sensitivity was the only
characteristic of pain at TO, and being an immigrant
and metabolic disorders that significantly predicted
sensitivity at T1.

It should be stressed that the inclusion of pain cha-
racteristics at baseline changes the interpretation of
the model from a prediction of pain at T1 (multivari-
able model 1) to a prediction of the change in pain at
T1 (multivariable model 2). The results indicate that
socioeconomic factors and comorbidities were more
common and stronger risk factors for the cumulative
burden of pain than for changes during the medium- to
short-term. The results also indicate that current pain
intensity, anatomical spread, and sensitivity strongly
influence the course of CP intensity and spread. The im-
pact of single pain characteristics on the burden of pain
over time has been reported previously. For example,
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Table IV. Baseline predictors (TO) for pain sensitivity (Pain Sensitivity Questionnaire (PSQ)) at 2-year follow-up (T1)

Multivariable 1

Multivariable 2

Univariable (N=9,880; 13.3% missing data) * (N=8,873; 22.1% missing data) *
Baseline predictors Estimate (B) 95% CI p-value  Estimate (B) 95% CI p-value Estimate (B) 95% CI p-value
Pain intensity 0.16 0.14, 0.18 <0.001 - - - -0.02 -0.03,0.02 0.089
Pain spreading® 0.21 0.19, 0.24 <0.001 - - - 0.02 -0.02,0.06 0.391
Pain sensitivity 0.72 0.70, 0.73 <0.001 - - - 0.72 0.69, 0.74 <0.001
Age, years 0.05 0.02, 0.07 <0.001 -0.03 -0.07, 0.03 0.074 0.03 -0.04, 0.09 0.420
Sex (female/male®) 0.16 0.10, 0.21 <0.001 0.11 0.06, 0.17 <0.001 0.02 -0.03,0.06 0.484
Marital status (married/other®) 0.05 0.02, 0.08 <0.001 0.01 -0.04, 0.05 0.807 0.03 -0.02,0.08 0.310
Educational level (university/otherb) -0.17 -0.21, -0.14 <0.001 -0.14 -0.18, -0.10 <0.001 -0.01 -0.06, 0.04 0.714
Employment (unemployed/employed®) 0.19 0.14, 0.27 <0.001 0.03 -0.03, 0.10 0.330 0.05 -0.03,0.13 0.246
Country of birth (abroad/Sweden®) 0.79 0.69, 0.89 <0.001 0.64 0.53, 0.75 <0.001 0.28 0.16, 0.40 <0.001
Citizenship (other/Swedenb) 0.52 0.32, 0.72 <0.001 - - - - - -
Household income, Euros per year -0.11 -0.13, -0.08 <0.001 -0.03 -0.05, 0.01 0.070 -0.01 -0.04, 0.02 0.486
Traumatic injuries (yes/nob) 0.06 -0.03, 0.15 0.217 - - - - - -
Rheumatoid arthritis/osteoarthritis (yes/nob) 0.31 0.24, 0.37 <0.001 0.14 0.07, 0.22 <0.001 -0.02 -0.09, 0.05 0.518
Cardiovascular disorders (yes/nob) 0.18 0.12, 0.4 <0.001 0.03 -0.04, 0.11 0.373 -0.02 -0.09, 0.06 0.665
Pulmonary disorders (yes/nob) 0.16 0.07, 0.25<0.001 -0.03 -0.12, 0.07 0.654 -0.03 -0.12, 0.07 0.662
Gastrointestinal disorders (yes/nob) 0.27 0.20, 0.35<0.001 0.13 0.05, 0.21 0.001 0.03 -0.06, 0.11 0.506
Disorders of the CNS (yes/no®) 0.20 0.13, 0.26 <0.001 0.07 -0.01, 0.14 0.062 -0.01 -0.08, 0.07 0.936
Urogenital disorders (yes/nob) 0.35 0.22, 0.47 <0.001 0.16 0.02, 0.30 0.025 -0.06 -0.19, 0.08 0.419
Skin diseases (yes/noP) 0.10 0.02, 0.18 0.014 0.04 -0.05, 0.13  0.358 0.02 -0.08, 0.11 0.724
Tumours/cancer (yes/nob) 0.24 0.09, 0.38 0.002 0.09 -0.07, 0.26  0.188 0.17 -0.01, 0.34 0.067
Metabolic disorders (yes/nob) 0.36 0.27, 0.45<0.001 0.25 0.15, 0.35 <0.001 0.13 0.03,0.22 0.014
Depression (yes/no®) 0.41 0.32, 0.48 <0.001 0.25 0.16, 0.33 <0.001 -0.02 -0.12,0.08 0.662
Anxiety (yes/no®) 0.41 0.34, 0.49<0.001 - - - - - -

*N =number of complete cases included in the models out of a total of 11,386 respondents. 2Baseline spread of pain was entered to the models as covariate with
5 levels 0=no pain, 1 =local pain, 2 =Regional Pain-Medium, 3 =Regional Pain-Heavy, and 4 =widespread pain. bReference category.

B: unstandardized regression coefficient; CI: Wald confidence interval; CNS: central nervous system. Multivariable 1: all baseline variables together in 1 model
without baseline pain dimensions; Multivariable 2: all baseline variables from multivariable model 1, including baseline pain dimensions. Significant differencesin bold.

pain intensity has been shown to predict increased pain
intensity (31, 42) and to predict CP (single characte-
ristics of pain not presented) (43). Spread of pain was
associated with CP (single characteristics of pain not
presented) at follow-up (44, 45) and anatomical spread
of pain at follow-up (46, 47). In non-longitudinal stu-
dies, spread of pain has been found to be significantly
correlated with pain intensity (48, 49). In a systematic
review, both pain spread and intensity were considered
prognostic factors for CP (single pain characteristics
not presented) (50). The multivariable models 2 in
the current study provides a comprehensive overview
on the impact of 3 characteristics of pain (intensity,
spread and sensitivity) on the burden of pain over time.
Based on the results of the present study and the above
studies, future longitudinal studies should investigate
risk factors for several characteristics of pain and in-
clude these characteristics of pain at baseline in order
to predict accurately how pain develops.

Other longitudinal studies that tried to detect signi-
ficant predictors in relation to CP thus restricted their
analysis mostly to 1 characteristic of pain or to a general
label of pain. As argued in the introduction, such a uni-
dimensional approach is from a clinical point of view
a too simplistic description of pain per se. To the best
of our knowledge, this study is the first comprehensive
attempt to ascertain predictors of different common
clinical characteristics of CP in the light of the concept

and perception of pain as a multifaceted phenomenon.
The results of the current study highlight that the features
of the predictors in the final models are only to a limited
extent common for the 3 characteristics of pain investi-
gated. Furthermore, this study suggests that CP, as most
often defined and as defined in this study, constitutes
a general indicator for several clinical characteristics
of CP. It appears that characteristics of pain, such as
intensity, anatomical spread, and sensitivity, only partly
reflect similar underlying neurobiological mechanisms
both in the cross-sectional and longitudinal perspec-
tives. Hence, recent cross-sectional studies of muscle
and plasma in patients with CP conditions have shown
that pain intensity and pain sensitivity (i.e. pressure
pain thresholds) are associated with different molecular
mechanisms from a protein pattern perspective (51, 52).
Moreover, the characteristics of pain investigated may
be, at least partly, processed differently in the CNS and
have different associations with other conditions, such
as psychological symptoms.

The current longitudinal results confirm the results
of previous (mostly cross-sectional) studies, sugges-
ting associations between sociodemographic factors
and single characteristics of pain (1, 15, 16, 53-55)
and that such factors are less predictive of short- to
medium-term changes in pain.

The present longitudinal study found being female to
be a predictor for pain intensity (Table II, multivariable
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model 1), spread (Table III, multivariable model 1)
and sensitivity (Table IV, multivariable model 1). In
addition, being female was still a predictor of intensity
and spread of pain when pain variables at baseline were
included as regressors (Tables II, III, multivariable
model 2).

Low education level was a predictor for an increase
in the 3 characteristics of pain (Tables II-IV multiva-
riable models 1) and a predictor of pain intensity in
multivariable model 2. In cross-sectional studies, low
education has been related to CP intensity (56—58) and
spread (2, 5, 31, 59). These associations may reflect
physical exposures in working life that are more com-
mon among individuals with low education, which
contribute to the development of CP (60).

Being an immigrant was a predictor of the 3 charac-
teristics of pain (Tables II-1V, multivariable models 1)
and a predictor of pain sensitivity when pain variables
were included as predictors (Table 1V, multivariable
model 2). Being an immigrant has been related to
spread of CP (61, 62) and to change in spread of pain
(63).

The current results of rather few sociodemographic
predictors for short- to medium-term (2 years in the
present study) results in CP (multivariable model 2)
are, to some extent, in line with a longitudinal study
on sociodemographic disparities in CP (64) and with a
study in which socioeconomic status seemingly related
to CP was explained by psychological factors (65).
Based on the results of multivariable model 1, it is
likely that the sociodemographic factors will be more
predictive of long-term development or changes in CP,
and this topic needs further investigation.

Traumatic injuries, RA/OA, GI disorders, pulmonary
disorders, CVD and/or CNS disorders were predictors
of changes in pain intensity and spread of pain in the
final models in this study (Tables II and 111, model 2).
These comorbidities have been related to CP intensity
and spread (17, 18, 33, 66) and change in intensity (45,
67) and spread of pain (68, 69). Previous studies found
pulmonary diseases to be associated with pain intensity
(19) and GI disorders, such as irritable bowel disease
and spread of pain (70). In the current study, pulmonary
and GI disorders were also predictors of pain intensity
and spread of pain according to multivariable models
2, respectively. The current finding of RA/OA as
predictors for the 3 pain characteristics and change in
spread of pain (Table 111, model 2), is in line with the
findings of cross-sectional studies (71-73). Several
comorbidities were predictive of pain characteristics
according to both multivariable models investigated
(Tables II-1V). From a clinical perspective, it appears
important that the assessment of people with pain
should include a broad screening of different medical
conditions. From the results of the present study it can
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also be concluded that physical comorbidities were
more important than psychological comorbidities, e.g.
depressive symptoms.

Strenghts and limitations

Major strengths of this study, in terms of solid inter-
pretations and precise estimation of predictors, are
the longitudinal study design and the large sample
size. The method of examining only the TO predictors
signified that any new predictor (e.g. new incidence
of traumatic injury) would not be counted if it trig-
gered different pain characteristics at T1. Therefore,
the risk of single source bias was also decreased (e.g.
reporting of changed life circumstances influence re-
porting of pain when they are done at the same time).
Interestingly, strong associations were found between
the baseline and the 2-year follow-up regarding pain
characteristics. Nevertheless, it is important to note
there was no risk of multicollinearity (r<0.75) between
the 3 pain characteristics.

A limitation of the current study is that the as-
sessments of pain characteristics and comorbidities
were based on self-reported instruments; nonetheless,
information on self-reported comorbidities has been
reported to be reliable (26). Furthermore, selective
participation both at baseline and during follow-up
is a concern. If participation is lower among subjects
with low socioeconomic status at baseline and worse
pain during follow-up, this would most likely lead to
underestimations. This may also explain why common
comorbidities to pain, such as depression and anxiety,
in cohorts with CP (5) had insignificant influence on
the pain characteristics when these baseline variables
were included in the current study (i.e. multivariable
model 2). The presence of certain comorbidities in the
present study to a great extent depended on diagnoses
made by physicians, and a recent report indicates that
the prevalence of clinically assessed depression and
anxiety are, in fact, relatively low compared with
reported depressive and anxiety symptoms (74). The
time investigated might be of importance as to whether
these comorbidities, as well as the other investigator
factors, are predictors. It might also be that some of
the identified predictors/risk factors in the current
study are due to reversed cause. For example, some
pain characteristics might, to some extent, influence
socioeconomic factors.

Conclusion

In planning treatment and rehabilitation, pain intensity,
spread, and sensitivity should be considered, because
these pain characteristics were stronger predictors of
the future pain situation than were socio-demographics
and co-morbidities.
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