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Abstract

Background: Incorporating the patient’s view on care and treatment has become increasingly important for health care.
Patients describe the variety of consequences of their chronic pain conditions as significant pain intensity, depression, and
anxiety. We hypothesised that intensities of common symptoms in chronic pain conditions carry important information that
can be used to identify clinically relevant subgroups. This study has three aims: 1) to determine the importance of different
symptoms with respect to participation and ill-health; 2) to identify subgroups based on data concerning important
symptoms; and 3) to determine the secondary consequences for the identified subgroups with respect to participation and
health factors.

Methods and Subjects: This study is based on a cohort of patients referred to a multidisciplinary pain centre at a university
hospital (n = 4645, participation rate 88%) in Sweden. The patients answered a number of questionnaires concerning
symptoms, participation, and health aspects as a part of the Swedish Quality Registry for Pain Rehabilitation (SQRP).

Results: Common symptoms (such as pain intensity, depression, and anxiety) in patients with chronic pain showed great
variability across subjects and 60% of the cohort had normal values with respect to depressive and anxiety symptoms. Pain
intensity more than psychological symptoms showed stronger relationships with participation and health. It was possible to
identify subgroups based on pain intensity, depression, and anxiety. With respect to participation and health, high
depressive symptomatology had greater negative consequences than high anxiety.

Conclusions: Common symptoms (such as pain intensity and depressive and anxiety symptoms) in chronic pain conditions
carry important information that can be used to identify clinically relevant subgroups.
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Introduction

Chronic pain is influenced by and interacts with physical,

emotional, psychological, and social factors and often results in

significant suffering [1,2,3]. To address these issues, health care

professionals have increasingly used a holistic or a bio-psycho-

social (BPS) framework [4,5] that also considers their patients’

views when developing care and treatment strategies [6]. Patients

describe wide consequences of their chronic pain conditions:

significant pain intensity, loss of enjoyment of life in general,

decreased emotional well-being, fatigue, weakness, sleep-related

problems, etc. [7,8,9,10]. These consequences agree with

outcomes suggested by clinicians as ascertained using, for example,

the Initiative on Methods, Measurement or Pain Assessment in

Clinical Trials (IMMPACT) [11]. Patients with chronic pain also

have participated in defining successful outcomes of treatments

[9,12]. It is a common clinical observation that the intensity of

pain and other symptoms are important issues communicated by

patients with chronic pain in the consultations with physicians.

Emphasizing the importance of the pain intensity is not

unproblematic. Patients with chronic pain conditions can have

very high pain intensities (e.g., .8 on a 11-graded numeric rating

scale) without immediate and prominent pain behaviours in

contrast to pain in the acute situation (e.g., a patient with a kidney

stone obstructing the ureter or renal pelvis). Thus, the clinical

value of assessing pain intensity is sometimes questioned. Although

IMMPACT suggests a number of simultaneous outcomes for

clinical trials [11], one-dimensional pain measures can be reliable

indicators of treatment outcomes in chronic pain conditions even

though such a measure does not take into account the whole

complexity of the patient’s experience [13]. As an outcome of
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rehabilitation, however, pain intensity is associated with problems

when interpreting the results. If a successful intervention leads to

less fear of movement, then the patient may be more prone to

participate in strenuous activities, which may lead to increased

pain intensity in a more active patient. From a holistic perspective,

this outcome must be considered as positive.

Many interventions in clinical practice and in research for

patients with chronic pain have pain intensity as one important

(primary) outcome variable. However, in the systematic reviews of

multimodal (multidisciplinary) pain rehabilitation (MMPR) pre-

sented by the Swedish Council on Health Technology Assessment

(In Swedish: SBU), only a minority of the included studies had

pain intensity as an outcome [14,15]. Several of the interventions

in the included trials of the review were characterized by

prominent psychological components such as Cognitive Behav-

ioural Therapy (CBT). To improve a patient’s functioning,

McCracken and Zhao-O’brian have proposed that it may be

wise to focus on a flexible response to pain rather than to focus on

lowering the pain [16]. Thompson and McCracken have even

stated that it might be detrimental for the patient to focus on

attempting to control, reduce, or cure pain, since this might shift

emphasis away from the aspects that are important for the

patient’s health and quality of life, such as daily functioning and

emotional well-being [17]. Although these lines of arguments

appear to be reasonable, both clinical practice and research may

ignore the information reported by the patient regarding pain

intensity. For instance, it appears as if patients with high pain

intensities require greater reductions in pain intensity than patients

with lower pain intensity levels in order to obtain clinically

important improvements [18]. Furthermore, recent studies also

indicate that intensity of pain can be a significant important risk

factor for the transition from acute to chronic pain, for example, in

whiplash associated disorders [19] and in post operative chronic

pain conditions [20,21,22].

Patients with chronic pain are often regarded as a homogenous

group (e.g., in randomized controlled trials, RCT). Hazard et al.

stated that such an approach yields results of debatable clinical

importance [23]. Clearly, RCTs need more comprehensive and

systematic descriptions of patients with chronic pain, a suggestion

also made by the Swedish Council on Health Technology

Assessment [15]. MMPR is a complex and well-coordinated

intervention generally delivered by a team using a BPS-view of

chronic pain [24]. Most studies of such interventions report low to

medium effect sizes. Some studies indicate that effect sizes can

increase if classification and matching is considered [25,26,27].

Various methods for subgrouping of patients with chronic pain

have been presented, but there is no consensus concerning this

matter; subgroups have been identified based on pain sensitivity

[28,29], factors assessed in questionnaires such as pain intensity,

disability, depression, anxiety, self-efficacy, fear avoidance, and

catastrophizing [30,31], or a combination of pain sensitivity and

questionnaires [32]. It is important that the method for

subgrouping is built on clinically useful data derived from the

perspectives of the patients with chronic pain and that this method

is easily assessed in clinical practice.

There is little doubt that pain often is co-morbid with

psychological conditions [33]. It has been estimated that 35% of

the chronic pain population has co-morbid depression [34], and

the prevalence is higher than when pain and depression are

considered individually [35]. The association between depression

and pain appears to be stronger with the severity of each condition

[35,36]. When present during early stages of pain, depression is

linked to chronification of the pain symptoms [1,37,38]. Anxiety is

also common in chronic pain and figures between 17 and 35%

have been reported in chronic pain cohorts [39,40]. To explain

the co-morbidity between depression, anxiety, and pain, research-

ers have used different theories and different opinions about

factors of causality [41,42,43,44,45]. The presence of both pain

and psychological symptoms has negative effects on, for example,

prognosis of sick leave [1,46]. Some researchers have discussed

whether depression in patients with chronic pain feeds treatment

resistance [45,47]. Clinical observations of pharmacological

treatments indicate that it is easier to treat patients with depression

only than patients with both chronic pain and depression.

We hypothesised that intensities of common symptoms in

patients with chronic pain conditions carry important information

that can be used to identify clinically relevant subgroups. Using

data collected from a continuous flow of patients to a multidis-

ciplinary pain centre at a university hospital in Sweden, this study

addresses following aims:

– To determine the relative importance of different symptoms

with respect to participation and perceived ill-health;

– To identify subgroups based on data concerning important

symptoms; and

– To determine the secondary consequences of the identified

subgroups with respect to certain participation and health

factors.

Subjects and Methods

Subjects
This study is based on a cohort of patients referred to the Pain

and Rehabilitation Centre at the University Hospital, Linköping,

Sweden between 2005 and 2008. During this period, 4645 patients

were referred to the centre and 4069 of these reported to the

Swedish Quality Registry for Pain Rehabilitation (SQRP) (88%

participation). Before the first assessment, all patients gave their

written informed consent. After receiving written information

about the study, all subjects signed a consent form that was in

accordance with the Declaration of Helsinki. The study was

granted ethical clearance by the Linköping University Ethics

Committee (Dnr: 97139).

Methods
The Swedish Quality Registry for Pain

Rehabilitation. The Swedish Quality Registry for Pain Reha-

bilitation (SQRP) is a registry based on a questionnaire that is

answered by all patients with chronic pain. The questionnaire is

given to these patients the first time (i.e., before treatment) they are

admitted to the specialist care of the Pain and Rehabilitation

Centre in the County Council of Östergötland, Sweden. For

patients participating in MMPR, questionnaires are also answered

directly after and at a 12-month follow-up (not reported in this

study).

On a national level, the SQRP has aggregated data since 1998

and now compares all patients referred to the majority of Swedish

clinical departments of rehabilitation. Approximately 20 clinical

departments (specialist level) are included, which means that 80%

of all clinical departments of rehabilitation at the specialist level in

Sweden provided data for this study. The main purpose of the

SQRP is to present the results of MMPR at a group level to the

participating clinical departments. Based on these data, health

care providers and researchers can develop a process that will

encourage continued improvement of rehabilitation programs.

The register includes descriptive variables of the patient’s

background, pain characteristics, and other symptoms such as

Pain Intensity in Patients with Chronic Pain
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depression and anxiety, function, activity/participation, and

quality of life. Generally, the validated Swedish language versions

of the instruments are used. At the assessment, it is possible to

summarize (mainly in a graph) each patient’s results from the first

questionnaire. In a dialogue with the patient, this summary graph

can be used to complement clinical support for diagnostics and to

develop a rehabilitation plan for the patient. In the present study,

data were used from one clinical department – Pain and

Rehabilitation Centre at the University Hospital, Linköping,

Sweden.

Questionnaire. Age (years), gender, employment (Yes or No;

abbreviated as Inwork), and number of days since in work

(DaysnotWork) were selected from SQRP.

Pain intensity was registered using a visual analogue scale (VAS)

for current pain (denoted PainintC) and for the previous seven days

(Painint7d). The participants marked a 100-mm horizontal line

between end points 0 (no pain) and 100 (worst imaginable pain).

On a drawing with 36 anatomical predefined areas, the subject

marked the anatomical areas where they have pain. The number

of the above pre-defined anatomical regions associated with pain

was calculated and labelled the Pain Region Index (PRI). The

possible range was between 0 and 36. The duration of pain (days;

denoted Paindur) and the duration of persistent pain (days; denoted

PaindurPer) were also registered.

Fatigue was registered using a visual analogue scale (VAS).

The participants marked a 100-mm horizontal line between the

end points 0 (no fatigue) and 100 (worst imaginable fatigue).

The Hospital Anxiety and Depression Scale (HADS) is a short

self-assessment questionnaire that measures anxiety and depres-

sion [48]. HADS comprises seven items in each of the depression

and anxiety scales (HAD-D – depression and HAD-A – anxiety).

Possible subscale scores range from 0 to 21, with the lower score

indicating the least depression and anxiety possible. A score of 7 or

less indicates a non-case, a score of 8–10 indicates a doubtful case,

and a score of 11 or more indicates a definite case [48]. HADS is

frequently used both in clinical practice and in research and has

good psychometric characteristics [48,49].

Life Satisfaction Questionnaire (LiSat-11) [50] captures the

patient’s estimations of satisfaction with life as a whole (LISAT-life)

as well as satisfaction in ten specific domains: vocation (LISAT-

vocation); economy (LISAT-economy); leisure (LISAT-leisure);

contacts (LISAT-contact); sexual life (LISAT-sex); activities of

daily living (ADL) (LISAT-ADL); family life (LISAT-family);

partner relationship (LISAT-partner); somatic health (LISAT-

somhealth); and psychological health LISAT-psychhealth). Each

item has six possible answers: 1 = very dissatisfying; 2 =

dissatisfying; 3 = fairly dissatisfying; 4 = fairly satisfying; 5 =

satisfying; and 6 = very satisfying.

The Modified Somatic Perception Questionnaire (MSPQ), a

13-item self-report scale for patients with chronic pain or

disabilities [51], instructs the subject to rate the presence of 13

different symptoms using a four-graded scale (0 = not at all; 1 = a

little slightly; 2 = a great deal, quite a bit; or 3 = extremely, could

not have been worse) [51]. In this study, we used a total score,

which was interpreted as a global measure of the strain of

symptoms.

The West Haven-Yale Multidimensional Pain Inventory –

(WHY) MPI – is a 61-item self-report questionnaire measuring

psychosocial, cognitive, and behavioural effects of chronic pain

[52,53]. It is divided into three sections. Part 1 consists of five

scales: Pain severity (MPI-Painserv); Interference – pain related

interference in everyday life (MPI-Paininter); Perceived Life

Control (MPI-LifeCon); Affective Distress (MPI-Distress); and

Social Support – perceived support from a spouse or significant

others (MPI-SocSupp). Part 2 assesses the perception of responses

to displays of pain and suffering from significant others and

consists of three scales: Punishing Responses (MPI-Punish);

Solicitous Responses (MPI-Solict); and Distracting Responses

(MPI-Distract). Part 3 measures to what extent the patients

engage in various activities and these four scales are combined in a

composite scale – the General Activity Index (MPI-GAI). In the

present study, we only used the General Activity Index of the items

of section 3 because the validity of the single items of part 3 have

been questioned in the Swedish context [54].

Disability Rating Index (DRI) was mainly used to assess physical

aspects of disability [55]. The 12 items are divided into three

sections: items 1–4 – common basic activities of daily life; items 5–

8 – more demanding daily physical activities; and items 9–12 –

work-related or more vigorous activities. The questions and items

are arranged in order of increasing physical demand relevant to

low back pain: 1) dressing (unaided); 2) walking outdoors; 3)

climbing stairs; 4) sitting for a longer time; 5) standing bent over a

sink; 6) carrying a bag; 7) making a bed; 8) running; 9) doing light

work; 10) doing heavy work; 11) lifting heavy objects; and 12)

participating in exercise/sports. Each of these 12 items is rated

according to a continuous scale (0–100). In the present study, the

DR-index was calculated as the sum of the 12 items (i.e., the DR-

index is a continuous scale and can vary between 0–1200; a high

value denotes high disability).

Ill-health was registered using a visual analogue scale (VAS).

The participants marked a 100-mm horizontal line between the

end points 0 (no ill-health) and 100 (worst imaginable ill-health).

Statistics
All statistics were performed using the statistical package IBM

SPSS Statistics (version 20.0) and SIMCA-P+ (version 13.0;

Umetrics Inc., Umeå, Sweden); in all tests, a probability of ,0.05

(two-tailed) was accepted as the criteria for significance. In tables

and text, the mean value 6 one standard deviation (6 1SD) of the

investigated variables is given.

Principal component analysis (PCA) using SIMCA-P+ was used to

extract and display systematic variation in a data matrix. All

variables were log transformed before the statistical analysis. A

cross validation technique was used to identify nontrivial

components (p). Variables loading on the same component were

correlated and variables with high loadings but with opposing

signs were negatively correlated. Variables with high absolute

loadings which had 95% jack-knife uncertainty confidence interval

non equal to zero were considered significant. Hence, the most

important variables were those with high absolute loadings.

Significant variables with high loadings (positive or negative) for

the component under consideration are more important than

variables with lower absolute loadings. The obtained components

per definition are not correlated and are arranged in decreasing

order with respect to explained variation. R2 describes the goodness

of fit – the fraction of sum of squares of all the variables explained

by a principal component [56]. Q2 describes the goodness of prediction

– the fraction of the total variation of the variables that can be

predicted by a principal component using cross validation methods

[56]. Outliers were identified using two powerful methods

available in SIMCA-P+: 1) score plots in combination with

Hotelling’s T2 (identifies strong outliers) and 2) distance to model

in X-space (identifies moderate outliers).

PLS (i.e., PLS-OPLS/O2PLS) was used for the multivariate

regression analyses [56]. The VIP variable (variable influence on

projection) indicates the relevance of each X-variable pooled

over all dimensions and Y-variables – the group of variables that

best explain Y. VIP $1.0 was considered significant. VIP values

Pain Intensity in Patients with Chronic Pain
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between 0.80 and 1.0 were considered borderline significant.

Coefficients (PLS scaled and centred regression coefficients) were

used to note the direction of the relationship (positive or

negative). Multiple Linear Regression (MLR) could have been an

alternative when regressing pain intensity and PPT, but it

assumes that the regressor (X) variables are independent. If

multicollinearity (i.e., high correlations) occurs among the X-

variables, the regression coefficients become unstable and their

interpretability breaks down. MLR also assumes that a high

subject-to-variables ratio is present (e.g., .5), an assumption not

required for PLS. In fact, PLS can handle subject-to-variables

ratios ,1. PLS, in contrast to MLR, and can handle several Y-

variables simultaneously.

Results

Characteristics of the cohort of patients
The investigated cohort of patients with chronic pain was

comprised of 30.9% men and 69.1% women. The proportion of

the patients in work was very similar with respect to gender:

31.4% of the women and 33.9% of the men (p = 0.121). The

descriptive data (mean values, 6 1SD) of the different variables

and instruments of the patient cohort is summarized in Table 1.

PCA of all variables
Based the above data and the data in Table 1, a PCA

identified the variables associated with the greatest interindividual

variation (and hereby the most information). The significant PCA

identified four components (R2cummulative = 0.50, Q2cummula-

tive = 0.32). The first component (p1) was characterized by

positive correlations between pain intensity, psychological strain

(anxiety, depression, distress), amount of symptoms (MSPQ), DRI,

and ill-health. The first component was negatively correlated with

Life control and the general activity-index of MPI and most of the

items of the LISAT (Figure 1). The second component (p2) was

characterized by high positive intercorrelations between social

support of MPI, solicitous responses (MPI-Solict) and distracting

responses (MPI-Distract), various aspects of pain intensities,

satisfaction with life as whole, contacts, sex life, family, and

partner (Figure 2). The third component (p3) was characterized

by high intercorrelations between age, Inwork, pain duration, pain

duration for persistent pain, pain intensity, satisfaction with

psychological health, and DRI. Negatively correlated with these

variables were HAD-A, MPI-Distress, and distracting responses

(MPI-Distract) (Figure 3). Male gender, PRI, MSPQ, and MPI-

GAI showed relatively high positive intercorrelations according to

the fourth component (p4) (Figure 4).

The following symptoms exhibited high absolute loadings on

the four components (cf. Figures 1, 2, 3, 4). P1: Current pain

intensity, Pain intensity 7 d, MSPQ, HAD-A, HAD-D and MPI-

distress.P2: No symptoms showed high loadings.P3: Pain

duration and Pain duration persistent pain.P4: PRI and MSPQ.

Hence, a number of common symptoms showed large

variability (i.e., high loadings on p1).

Regressions of aspects of participation and health
Based on the PCA presented above (Figures 1–4) and the

observation that several symptoms intercorrelated with aspects of

participation and health according to p1, we investigated to what

extent it was possible to regress DRI and ill-health. In these

regressions, we used the different symptoms in the data set as

regressor variables.

The importance of different symptoms with respect to

participation (DRI). According to the significant regression of

DRI (R2 = 0.37, Q2 = 0.37; Table 2), the most important

regressors were three pain intensity variables followed by fatigue

and MSPQ. Two psychological variables (HAD-D and MPI-

distress) together with PRI were borderline significant (VIP

..80). Both the significant and the borderline significant

variables showed positive correlations with DRI.

The importance of different symptoms with respect to ill-

health. The significant regression of Ill-health also had three

pain intensity variables as the most important regressors followed

by fatigue, HAD-D, MPI-distress, and MSPQ (R2 = .44, Q2 = .44;

Table 2). HAD-A was borderline significant (VIP = .81). All

significant regressors showed positive correlations with ill-health.

Table 1. Age, days not working, various pain characteristics,
fatigue, and perceived ill-health.

Aspect/
Instrument subscale Mean SD

Age (years) 46 14

Days not working (days) 1961 2321

Symptoms Current Pain intensity (mm) 64 22

Pain intensity recent 7 d (mm) 68 20

Duration of pain (days) 2958 3039

Duration of persistent pain (days) 2172 2429

PRI (no. anatomical regions) 14 8

Fatigue (mm) 69 23

Ill-health (mm) 58 24

HADS Anxiety 8.09 4.86

Depression 7.86 4.37

MPI Pain severity 4.43 1.03

Interference 4.34 1.14

Life control 2.52 1.24

Affective distress 3.43 1.39

Support 4.22 1.46

Punishing responses 1.52 1.35

Solicitous responses 2.75 1.66

Distracting responses 2.26 1.41

General Activity index 2.26 0.92

MSPQ 11.85 6.74

LiSAT-11 Life as a whole 3.61 1.36

Vocation 2.83 1.63

Economy 3.50 1.52

Leisure 3.09 1.35

Contacts 3.89 1.37

Sexual life 3.19 1.65

ADL 4.03 1.44

Family life 4.61 1.34

Partner relationship 4.63 1.55

Somatic health 2.32 1.25

Psychological health 3.53 1.45

DRI 649 265

HADS, MPI, MSPQ, LiSat-11, and DRI; mean values and SD are reported for all
variables.
doi:10.1371/journal.pone.0065483.t001
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Subgroups based on pain intensity, depression, and
anxiety

Variables with high loadings on p1 (Figure 1) mean that

especially these variables will contain information because they

reflect variables with pronounced variability between subjects.

Three symptoms were selected as a base for subgrouping: pain

intensity recent 7d, HAD-A, and HAD-D.

Bivariate correlation analyses between these three variables

showed the following: current pain intensity vs. HAD-A: R2 = 0.07,

p,0.001; current pain intensity vs. HAD-D: R2 = 0.09, p,0.001;

and HAD-D vs. HAD- A: R2 = 0.42, p,0.001.

Using a technique presented earlier [31], these three symptoms

were dichotomized (Table 3) according to the following cut-offs:

1) Pain intensity 7d (cut off:.70): low: 0–69, high: $70; 2) HAD-A

(cut off: $11): low: 0–10, high: $11; and 3) HAD-D (cut off: $11):

low: 0–10, high: $11. It was impossible to classify 9.3% of the

subjects due to missing data.

For pain intensity 7d, we found that 44.9% had low (according

to the present method of dichotomizing) pain intensity. For HAD-

A, 30.7% had high values according to this variable. The

corresponding figure for HAD-D was 27.1%. According to these

values, 59.8% of the patients had dichotomizing normal (low)

values as defined by the two subscales of HADS (Table 3)

independent of pain intensity. Similarly, 17.6% were high on both

Figure 1. Variables with high absolute loadings on the first component (p1); high absolute loadings are marked in red.
doi:10.1371/journal.pone.0065483.g001

Figure 2. Variables with high absolute loadings on the second component (p2); high absolute loadings are marked in red.
doi:10.1371/journal.pone.0065483.g002
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HAD-A and HAD-D independent of pain intensity. High on

either of the two subscales of HADS was found in 22.7% of the

patients independent of pain intensity.

To investigate the clinical relevance of the identified eight

subgroups (SG1-8), mean values (61 SD) of variables reflecting

participation and health in Table 2 were determined for each of

the eight subgroups (Table 4). From Table 4, it is relatively easy

to discern that SG1 (i.e., low on all three symptoms) and SG8 (high

on all three symptoms) are the two extreme groups, but the

interrelationships between the other subgroups are more difficult

to grasp. Hence, to facilitate the understanding of the clinical

relevance, a PCA was made based on the mean values of the

participation and health variables for each subgroup presented in

Table 3. The first component was used for the interpretation (i.e.,

according to the X-axis (p1): R2 = 0.89; Q2 = 0.82) (Figure 5).

According to this p1 (X-axis in Figure 5), it was obvious that DRI

and Ill-health correlated negatively with MPI-activity index and

the LISAT variables. According to the corresponding plot of the

eight subgroups (Figure 6), the subgroups with a relatively good

situation are located at the right of the plot (subgroup 1) and those

Figure 3. Variables with high absolute loadings on the third component (p3); high absolute loadings are marked in red.
doi:10.1371/journal.pone.0065483.g003

Figure 4. Variables with high absolute loadings on the fourth component (p4); high absolute loadings are marked in red.
doi:10.1371/journal.pone.0065483.g004
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with a relatively bad situation are located to the left of the plot

(e.g., subgroup 8). We can also obtain a numeric value (t-value) for

the subgroups by projecting down to the X-axis with respect to p1

(Table 5); SG2, SG4, and SG7 showed small differences in t-

values. From Table 5, it can be concluded that high depression

compared to low depression is associated with a worse situation

(subgroups 4, 6, 8). Moreover, having high on two variables out of

three variables (SG 7, 4, 6) is worse than having only one high

variable (SG 3, 5, 2) and small differences in t-values existed

between SG2, SG7, and SG4.

Discussion

Major results of this study are listed below:

N Common symptoms in patients with chronic pain (such as pain

intensity, depression, and anxiety) showed great variability

across subjects.

N With respect to the investigated aspects of participation and

health, pain intensity showed stronger multivariate relation-

ships than psychological symptoms.

N With respect to depressive and anxiety symptoms, 60% of the

cohort of patients with chronic pain referred to a pain centre at

a university hospital had normal values.

N With respect to participation and health, high depressive

symptomatology had greater negative consequences than high

anxiety.

Figure 5. The loading plot (i.e., the relationships between the variables) of a PCA of the variables shown in Table 4 for the different
subgroups.
doi:10.1371/journal.pone.0065483.g005

Table 2. PLS regressions of DRI and Ill-Health using different symptoms as regressors.

DRI Ill-health

Variables VIP CoeffCS Variables VIP CoeffCS

Pain intensity previous 7 d 1.44 0.17 Current Pain intensity 1.34 0.17

Current Pain intensity 1.43 0.17 Pain intensity previous 7 d 1.32 0.16

MPI -Pain severity 1.33 0.13 MPI -Pain severity 1.29 0.14

Fatigue 1.21 0.11 Fatigue 1.23 0.13

MSPQ 1.01 0.07 HAD- D 1.07 0.11

HAD- D 0.89 0.06 MPI- Affective distress 1.05 0.06

MPI- Affective distress 0.83 0.01 MSPQ 1.02 0.07

PRI 0.81 0.10 HAD-A 0.81 0.01

HAD-A 0.58 0.03 PRI 0.57 0.03

Duration of pain 0.29 0.05 Duration of pain 0.10 0.01

Duration of persistent pain 0.27 0.04 Duration of persistent pain 0.08 0.01

R2 0.37 R2 0.44

Q2 0.37 Q2 0.44

n 3650 n 3653

Variables with VIP.1.0 (in bold type) are the most important for the regression. The sign of the coefficient (CoeffCS) indicates the direction of the relationship between
the regressor and the dependent variable. R2, Q2, and n are given at the bottom.
doi:10.1371/journal.pone.0065483.t002
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The fact that common symptoms in patients with chronic pain

such as pain intensity, depression, and anxiety showed great

variability across subjects (i.e., loaded upon the first principal

component p1) indicates that these symptoms carry important

information concerning the situation of the patients. Patients with

chronic pain describe wide consequences of their pain condition

and several studies have reported that clinically important

outcomes from the patient’s perspective are in fact symptoms

such as pain intensity, emotional well-being, and fatigue

[7,8,9,10]. In this study, the PCA confirms the importance of

pain intensity and other symptoms. Emotional factors such as

depressive symptoms and anxiety are part of the perception of

pain and interact with nociception at several levels of the pain

systems. Although these symptoms correlated with aspects of pain,

participation, and health according to p1 of the PCA (Figure 1),

they do not carry identical information as shown in the regressions

of DRI and ill-health (Table 2). Hence, in order to design

treatment and rehabilitation plans for patients, it also appears

important to consider the information on the level of symptoms in

chronic pain conditions.

The regressions of DRI and ill-health also identified interesting

results concerning the relative importance of the different

symptoms. In both these regressions, pain intensity variables were

more important than the psychological symptoms such as

depression and anxiety (Table 2). At the participation level

(DRI), the three pain intensity variables were the most important

regressors followed by fatigue and amount of symptoms as

indicated by MSPQ. Depression (HAD-D), affective distress

(MPI-affective distress), and spreading of pain in the body (PRI)

were all borderline significant. In a smaller sample of subjects with

chronic pain, disability (PDI) was regressed, but we found another

pattern, with respect to the important regressors [57]: HAD-D and

anxiety variables were more important than pain intensity.

However, our previous study was markedly smaller, used another

method of including patients, and had a relatively low participa-

tion rate (49%). Hence, there is a risk that patients with the most

complicated situations chose to participate in our earlier study,

while the present study reflected the continuous flow of patients.

The four most important regressors of DRI were also the most

important regressors in the regression of ill-health. In this

regression, however, depression (HAD-D) and affective distress

(MPI-affective distress) also were significant. Hence the relative

importance of these psychological factors was stronger in the

regression of ill-health than in the DRI, but still less important

than pain intensity.

Fatigue was the fourth most important regressor in both

regressions (Table 2). Fatigue is a common symptom in patients

with pain and is especially common in patients with chronic

widespread pain [58]. Fatigue may simply be due to a side-effect of

the prescribed pain-relieving drugs [59], but it may also be due to

fear-avoidance of physical exercise causing immobility and/or

abnormal sleep-patterns [60]. Another explanation may be that

Table 3. The results of the dichotomizing of pain intensity recent 7d, HAD-A, and HAD-D.

Sub-group (SG) Pain intensity 7d HAD-A HAD-D Proportion (%)

1 L L L 31.9

Mean 49.1 5.1 5.1

SD 15.3 2.8 2.8

2 L L H 3.4

Mean 52.5 6.8 12.4

SD 12.9 2.6 1.8

3 L H L 5.3

Mean 52.0 12.7 7.6

SD 14.1 1.8 2.0

4 L H H 4.4

Mean 56.3 14.1 13.3

SD 11.3 2.3 2.2

5 H L L 27.9

Mean 81.1 5.3 5.7

SD 8.3 2.8 2.8

6 H L H 6.2

Mean 82.3 7.6 12.8

SD 8.1 2.3 1.8

7 H H L 7.8

Mean 83.4 13.3 7.8

SD 8.3 2.2 2.1

8 H H H 13.2

Mean 85.4 15.0 14.1

SD 8.6 2.8 2.7

It is possible to obtain eight groups. For each subgroup (SG), mean values (61 SD) are presented for each variable and proportion of the patients (%). L = low and H =
high according to the cut-offs presented in text.
doi:10.1371/journal.pone.0065483.t003
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fatigue is a physiological reaction to the pain itself, including the

effects of central sensitization [61]. Other studies have also noted

the debilitating effect of fatigue on a patient’s life [60,62,63,64].

Another observation from the two regressions was that both

duration of pain and duration of persistent pain were not

significant regressors of DRI and ill-health. Similar results were

also obtained in our previous study of patients with chronic pain

[57]. However, these observations taken together do not exclude

that time is important earlier in the chronic stage. In the present

cohort, the duration of these two aspects of pain were very long (at

group level .8 years and .5 years, respectively), which might

indicate a ceiling effect in the present cohort of patients (Table 1).

Both regressions (Table 2) were significant and with high values

of prediction. It can be concluded from the regressions that factors

other than symptoms are important for the variability in DRI and

ill-health as less than 50% of the variations (DRI: 37% and ill-

health: 44%) were explained. Although the aim in the present

study was not to optimize the explanations (R2 and Q2) of DRI

and ill-health, we can identify a number of factors that could have

contributed to higher R2. For example, studies have pointed out

that other symptoms and aspects – e.g., catastrophizing [37],

psychological flexibility [65], family and social environment [66],

presence of post-traumatic stress disorder (PTSD) [67,68] and

dysfunctional sleep [69,70] – could be important regressors for ill-

health and disability.

Depression and anxiety contribute, in the acute and sub-acute

phases, to the development of chronic pain [37,71]. These

symptoms are also common co-morbidities of pain [34,72].

Different explanations have been presented for the interconnec-

tions between chronic pain and the two psychological symptoms

[41,42]. These symptoms are co-morbidities and are intercorre-

lated (cf. Figure 1). Sometimes the concept of somatisation is used

to categorize the presence of different symptoms and co-

morbidities. Somatisation is a concept that varies in the meaning

given it by different authors [73,74]. Historically, it was first used

to indicate physical symptoms that are expressions of an

intrapsychic conflict [75]. Later Lipowski defined it as ‘‘...the

tendency to experience and communicate somatic distress and

symptoms unaccounted for by pathological findings, to attribute

them to physical illness, and to seek medical help for them’’ [76].

In modern use, it is employed more as a general concept denoting

subjectively perceived bodily complaints for which it is assumed

that mental factors play an active role or simply as an equivalent to

many symptoms. In the systematic review by Crombez and co-

workers, it was concluded that the construct of somatisation as

applied in pain research was scientifically flawed [74]. They

instead suggested the term ‘‘multiple physical symptoms’’. In the

present study, we have investigated neither if the symptoms were

unaccounted for by pathological findings nor if the patients

attributed them to physical illness. Hence, we do not know if the

different symptoms expressed by the patients in the present study

Table 4. Mean values (61 SD) of variables reflecting participation and health for the eight subgroups (SG1-8).

Subgroup (SG) MPI- GAI
LiSAT- Life as a
whole LiSAT- Vocation LISAT-ADL LISAT-leisure Ill-health DRI

1 Mean 2.6 4.2 3.4 4.6 3.6 43 506

SD .8 1.0 1.6 1.2 1.2 21 240

2 Mean 2.1 2.9 2.5 3.8 2.5 58 608

SD .9 1.2 1.5 1.4 1.1 19 255

3 Mean 2.5 3.7 2.9 4.4 3.4 50 523

SD .7 1.1 1.5 1.2 1.1 20 219

4 Mean 2.1 2.6 2.2 3.9 2.4 59 636

SD .8 1.1 1.4 1.2 1.2 18 215

5 Mean 2.3 3.9 3.0 4.0 3.3 61 700

SD .9 1.3 1.6 1.4 1.4 23 246

6 Mean 1.8 2.8 2.3 3.5 2.3 74 799

SD .8 1.2 1.4 1.4 1.1 15 205

7 Mean 2.2 3.5 2.5 3.6 2.9 69 739

SD .9 1.3 1.5 1.4 1.3 21 247

8 Mean 1.8 2.3 1.9 3.1 2.1 78 823

SD .9 1.3 1.3 1.4 1.1 15 217

doi:10.1371/journal.pone.0065483.t004

Table 5. Scores (t) for the eight subgroups according to p1
(i.e., along the X-axis) in Figure 6 arranged in descending
order (from best to worse situation according to the variables
in Table 4).

Subgroup (SG) t
Pain
intensity Anxiety Depression

1 3.91 L L L

3 2.60 L H L

5 1.13 H L L

2 20.35 L L H

7 20.46 H H L

4 20.78 L H H

6 22.38 H L H

8 23.67 H H H

In the three columns to the right, the dichotomized values are given (L = low;
H = high).
doi:10.1371/journal.pone.0065483.t005
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are due to somatisation according to the definition of Lipowski or

is due to other reasons e.g. central sensitization. The correlations

between pain intensity and the two psychological symptoms were

not strong (explained variation: 7–9%), even though the numbers

were highly significant. Furthermore, using the established cut-offs

for definite cases (i.e., .11) of the two scales of HADS, we found

that 60% of the patients with chronic pain referred to a university

hospital had normal values with respect to both depressive and

anxiety symptoms despite the fact that they reasonably reflected a

selection of patients with the most complicated situations with long

and persistent pain durations (Table 1). Taken together, these

results emphasize the need to analyse whether co-morbidities, such

as depression and anxiety, exist in the clinical situation. In the

clinical assessment, as Linton and Bergbom noted, it may be

important to remember that depression in pain patients and in

patients seeking care in psychiatry do not share all the key

symptoms of depression ([1]. From the literature and confirmed by

this study, it is evident that pain and depression are linked, but

little is known about the mechanism by which they interact.

Recently, it was suggested that catastrophizing and emotion

regulation are involved [1].

As clearly shown in the present study, the presence of both

depression and anxiety (SG8) was associated with a very bad

situation compared to the other subgroups (Figure 6, Table 4).

This finding is not surprising and has been reported in other

studies; compared to their peers, patients with co-morbid pain and

depression and/or anxiety [77] suffer more [78], have a more

impaired quality of life [45,79], and have poorer treatment

outcomes [1,46,80]. In addition, treatment of patients with co-

morbid pain and depression and/or anxiety is associated with high

health care costs [81]. The subgroup analysis (Table 5) also

showed, in agreement with the regressions (Table 2), that high

depression was associated with a worse situation than high anxiety

with respect to participation and health (subgroups 4, 6, 8). Several

studies have reported that pain conditions are more strongly linked

to anxiety disorders than with depression [82,83]. Such observa-

tions were not confirmed in the present study with respect to DRI

and ill-health although it was found that depression was more

important.

The concept of subgrouping chronic pain patients is not new,

but various variables have been used in the subgroupings as noted

in the introduction [28,29,30,31,32]. The choices of variables for

subgrouping appear largely to reflect the present focus of the

research groups. One unprejudiced way to determine the

important variables is to locate the variables associated with the

greatest statistical variability in the dataset, and then use these

variables as a starting point for the subgrouping. This strategy

requires a reasonably comprehensive dataset, both with respect to

the number of patients and with respect to the coverage of

variables. To obtain a relatively good coverage of important

aspects, the International Classification of Functioning, Disability

and Health (ICF) or IMMPACT can be applied. In the next step,

it seems reasonable to determine relevance with respect to

participation and health factors, an approach that was used in

the present study. In addition, this study used a wide array of valid

and reliable psychometric instruments. Most of the variables and

instruments used can easily be categorized with respect to ICF or

IMMPACT.

When choosing variables for subgrouping based on the PCA

(Figure 1), researchers should consider subjective aspects. Several

of the symptoms had relatively similar absolute loadings of the

PCA (Figures 1–4), so alternatives to the instruments used for a

certain aspect existed. Hence, MPI-severity could have been an

alternative to current pain intensity, but the simplicity in

combination with the validity of using one item determined our

choice. Alternatives to the two HADS also exist (i.e., MPI-distress),

but the simplicity of distribution and spreading of the instrument

was important for our choices in these aspects.

Subgrouping can have different aims, but from a treatment and

rehabilitation perspective, the validation of the chronic pain

patient’s subgroups needs to be done in prospective intervention

studies. The question arises whether SG8 and the other subgroups

with high depression need both treatment for their pain and

depression instead of treating pain and expecting secondary

Figure 6. The score plot (i.e., the relationship between the eight subgroups) of a PCA of the variables shown in Table 4 for the
different subgroups; subgroups with a relatively bad situation are located to the right along the X-axis and subgroups with a
relatively good situation to the left along the X-axis.
doi:10.1371/journal.pone.0065483.g006
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positive consequences for depression [84]. A recent systematic

review concluded the need to treat both depression and pain to

optimize outcomes of treatment [1].

Strengths and Limitations
Classical statistical methods can quantify the level of individual

factors but disregard interrelationships between different factors

and thereby ignore system-wide aspects [85]. Classical methods

assume variable independence when interpreting the results [86].

To handle these drawbacks, PLS was applied in the regressions.

PLS, in contrast to MLR, can handle and take advantage of the

fact that some of the regessors are correlated. If multicollinearity

(i.e., high correlations) occurs between the X-variables in MLR,

the regression coefficients become unstable and their interpret-

ability breaks down. Certain guidelines help avoid multicollinear-

ity in MLR [87], but these are not perfect. Using MLR, we

actually have regressed DRI using the same symptoms as

regressors (cf. Table 2) (Bromley 2013, unpublished report).

When this was done, anxiety was a significant regressor, but

showed a negative correlation (i.e., high anxiety was associated

with less disability). This result concerning anxiety does not agree

with other studies [88,89]. Furthermore, neither its significance

nor the sign of the correlation could be confirmed using PLS.

Hence, based on the available literature and the PCA (Figure 1;

p1), it appears more reasonable to assume intercorrelations

between symptoms such as pain intensity, depression, and anxiety

and apply PLS regression.

An obvious strength of the present study is that it represents the

consecutive flow of patients at a multidisciplinary pain centre and

it had a high participation rate (88%). Moreover, the patients in

this study were recruited from a clinical department that

specializes in managing severe chronic pain conditions. Because

this recruitment was associated with a cohort of patients with

severe pain and long pain duration, it is difficult to generalize the

results of the present study to subjects in the population with less

severe pain [84]. Therefore, further studies that include primary

health care patients are needed. The present study was based on

questionnaires. Future studies, when validating the subgroups,

should also include clinical assessments of the presence of anxiety

and depression.

Conclusions
Common symptoms in chronic pain conditions, such as pain

intensity and depressive and anxiety symptoms, carry important

information that can be used to identify clinically relevant

subgroups. Simply assessing the intensity of different symptoms

without considering the actual data in clinical practice appears to

be both a waste of time and information. Future prospective

studies should investigate the relevance of the identified subgroups

with respect to treatment outcomes and compare this method with

other methods of subgrouping.

Summary

Pain intensity and depressive and anxiety symptoms in patients

with chronic pain carry important information that can be used to

identify clinically relevant subgroups.
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