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Abstract

Background: Improved knowledge based on clinical features of chronic pain in older adults would be valuable in
terms of patient-orientated approaches and would provide support for health care systems in optimizing health
care resources. This study identifies subgroups based on pain and psychological symptoms among Swedish older
adults in the general population and compares derived subgroups with respect to socio-demographics, health
aspects, and health care costs.

Methods: This cross-sectional study uses data collected from four registers and one survey. The total sample
comprised 2415 individuals ≥65 years old. A two-step cluster analysis was performed. Data on pain intensity,
number of pain sites, anxiety, depression, and pain catastrophizing were used as classification variables. Differences
in socio-demographics, quality of life, general health, insomnia, and health care costs among the clusters were
investigated. Association of the clusters with the above parameters was further evaluated using multinomial
logistic regression.

Results: Four major clusters were identified: Subgroup 1 (n = 325; 15%) – moderate pain and high psychological
symptoms; Subgroup 2 (n = 516; 22%) – high pain and moderate psychological symptoms; Subgroup 3 (n = 686;
30%) – low pain and moderate psychological symptoms; and Subgroup 4 (n = 767; 33%) – low pain and low
psychological symptoms. Significant differences were found between the four clusters with regard to age, sex,
educational level, family status, quality of life, general health, insomnia, and health care costs. The multinomial
logistic regression analysis revealed that Subgroups 1 and 2, compared to Subgroup 4, were significantly associated
with decreased quality of life, decreased general health, and increased insomnia. Subgroup 3, compared to
Subgroup 4, was associated with decreased general health and increased insomnia. In addition, compared to
Subgroup 4, Subgroups 1 and 2 were significantly associated with higher health care costs.

Conclusions: Two high risk clusters of older adults suffering from chronic pain; one mainly based on psychological
symptoms and one mainly on pain intensity and pain spread, associated with decreased quality of life and health
and increased health care costs were identified. Our findings indicate that subgroup-specific treatment will improve
pain management and reduce health care costs.
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Background
Chronic pain in older adults is a major public health prob-
lem worldwide. The prevalence of chronic pain in individ-
uals aged ≥65 years ranges from 24% to 72% [1–5].
Chronic pain in this age group has substantial impact on
pain-related disability [5–7], quality of life [6, 8, 9], depres-
sion [6, 10], sleep, and pain-related mobility [2, 6, 10]. In
addition, chronic pain has considerable impacts on health
care costs [8, 9, 11–13]; a recent study showed that the
economic burden among older adults is high and related
to the intensity of pain and age [9].
When managing chronic pain management, duration and

frequency of pain must be considered [1, 14–18]. Another
emerging issue, which may amplify the disability in the
elderly, is the extent of spreading of pain [15, 16, 18–21].
Furthermore, psychological symptoms (e.g., anxiety, depres-
sion, and catastrophizing) are crucial parts in pain-related
disability and suffering [4, 22–27]. These psychological
symptoms might have larger effects on disability and quality
of life than pain itself [23–25, 28, 29]. Taken together, these
studies indicate that chronic pain is difficult to assess and
to manage [30], so this complex situation needs to be
understood if the elderly are to receive the best health care
possible [6, 10, 30, 31]. Often undiscovered and untreated
chronic pain in elderly [6, 10, 32, 33] is related to pain being
misattributed to the natural ageing process [6], cognitive
decline making assessing pain difficult [10, 32], other
chronic conditions receiving more attention and care, and
reluctance of physicians to prescribe pain medication due
to high risk of adverse side effects [33].
Identification of homogeneous subgroups of elderly

based on clinically important features – e.g., pain char-
acteristics and psychological symptoms – would have
practical value in terms of patient-orientated approaches
[22, 34, 35] and would provide support for health care
systems by helping these systems optimize resources and
costs [36]. Identifying subgroups can be done by cluster-
ing individuals according to their pain symptoms.
Clustering is particularly of interest in conditions that
have high prevalence, burden, and costs [37]. Several
cluster studies regarding pain, mainly in cohorts of
patients, have been performed, but only a few studies
have focused on older adults [34, 38]. Hence few studies
have used cluster classification to examine this popula-
tion for the combination of pain aspects, such as pain
intensity and pain spreading on the body, and psycho-
logical symptoms.
Based on the literature, we hypothesized that for eld-

erly individuals in the general population chronic pain
together with prominent psychological strain is associ-
ated with a life situation worse than having chronic pain
together with low psychological strain. To this end, we
identified subgroups of individuals ≥65 years old based
on pain characteristics and psychological distress and

compared these subgroups with respect to age, sex, edu-
cation, family status, health aspects, and costs.

Methods
Participants and procedure
This study collected data from one survey and four reg-
isters. The survey was a cross-sectional postal question-
naire used to collect data from a stratified random
sample of 10,000 older adults (individuals aged ≥65 years
old) based on five age strata (65 to 69 years, 70 to
74 years, 75 to 79 years, 80 to 84 years, and 85 years and
older) from the Swedish Total Population Register for
the two largest cities (Linköping and Norrköping) of the
County of Östergötland (south-eastern Sweden). The
questionnaire was mailed in October 2012; if needed, as
many as two postal reminders were mailed at two-week
intervals. The collection of questionnaires closed in
January 2013. In addition to the Swedish Total Popula-
tion Register, this study also used data from the Health
Care Register in Östergötland, the regional Cost Per
Patient database, and a drug prescription register from
the National Board of Health and Welfare (Fig. 1).

Measurements
The survey was composed from several validated instru-
ments. The relevant instruments for this study are de-
scribed below. An overview of all parts of the survey has
been presented elsewhere [9].

Demographic aspects
Age, sex, educational level, and family status were recorded
from the respondents’ answers in the postal survey.

Characteristics of pain
We identified potential participants using three prede-
termined responses to the question “Do you usually have
pain, either all the time or occasionally?”: 1) no; 2) yes,
with less duration than 3 months; or 3) yes, with dur-
ation of more than 3 months. Only responders who
marked 3 were considered eligible to participate in this
study while the responders who marked 1 and 2 were
excluded. For the responders who marked 3, their pain
intensity was also registered using a numeric rating scale
(NRS) for the previous 7 days (NRS7d) with the end
points 0 (no pain) to 10 (worst imaginable pain) [17, 39].
Next, the responders identified the spreading of pain on
a drawing with 45 predefined sites on a body manikin
that included the number and location of the pain they
had identified using the NRS for pain during previous 7
days [16]. Hence, the number of pain sites ranged
between 1 and 45; high values indicated higher spreading
of pain.
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General health, anxiety, and depression
The General Well Being Scale (GWBS) [40] consists of
18 items on psychological well-being and distress. The
first 14 questions use a six-point rating scale (ranging
from 0 to 5) that represents intensity or frequency, and
the remaining four items use an 11-point rating scale
with the end points 0 (very concerned) and 10 (not con-
cerned at all). The instrument has provided good in-
ternal consistency, test–retest reliability, and validity
[40]. From the GWBS, six subscales can be calculated
[41]: GWBS-General health – Items 10, 15; possible
range – items 0–15; GWBS-Anxiety – items 2, 5, 8, 16;
possible range – items 0–25; GWBS-Depression – items
4, 12, 18; possible range – items 0–20. In addition, sub-
scales on positive well-being, self- control, and vitality
can be calculated. This study presents data from the
subscales for general health, anxiety, and depression. For
the subscales of anxiety and depression, low values indi-
cate higher anxiety and depression; the items of these
subscales were reverse scored so high values indicate
higher symptoms of anxiety and depression.

The pain Catastrophizing scale
The Pain Catastrophizing Scale (PCS) measures three
dimensions of catastrophizing – rumination, magnifica-
tion, and helplessness – based on 13 items with five
answer alternatives: 0 = “not at all”; 1 = “to a slight de-
gree”; 2 = “to a moderate degree”; 3 = “to a great de-
gree”; and 4 = “all the time” [42]. The scale has adequate
to excellent internal consistency and validity [43]. We
summed the 13 items – the total PCS (PCS-total), so the
maximum score was 52 –the higher score, the more cat-
astrophizing [44]. Due to a technical failure, the most
negative alternative (“all the time”) was not included in
the questionnaire, so our PCS-total had possible scores
between 0 and 39. However, we estimated the reliability

of the instrument by calculating the Cronbach alpha (a)
and it was found good (a = 0.75).

The European quality of life 5 dimensions questionnaire
instrument
The European Quality of Life Instrument 5 Dimensions
(EQ-5D) captures perceived health-related quality of life
(HRQL) as defined by five dimensions: mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression [45]. Each dimension has three possible levels
(1, 2, or 3), representing “no problems”, “some problems”,
and “extreme problems”, respectively. An individual index
was calculated (EQ-5D Index) based on these five dimen-
sions and a table based on the United Kingdom (UK) time
trade-off scores for a subset of 45 EQ-5D HRQL states
[45, 46]. This table displays the extent of problems on
each of the five dimensions represented by a set of five-
digit descriptors based on the combination of the three
possible levels (e.g., 11,121, 33,211, etc.) and each of those
combinations of digit descriptors corresponds to an indi-
vidual index value (e.g., 11,121 = 0.796, 33,211 = 0.086,
etc.). The index ranges from - 0.594 to 1. To measure self-
estimation of current HRQL, we used the European
Quality of Life Vertical Visual Analogue (EQ-VAS), a
standard vertical 100-point thermometer-like scale with
defined end points “Best imaginable health state” and
“Worst imaginable health state”. High values indicate good
HRQL and low values indicate bad HRQL [46].

Insomnia severity index
The Insomnia Severity Index (ISI) is a reliable and valid
instrument for quantifying insomnia severity [47, 48].
The seven items of ISI are rated on a 5-point Likert scale
(0–4). The instrument yields a total score range between
0 and 28. The total score can be divided into four
categories: no clinically significant insomnia (ISI: 0–7);

Fig. 1 Registers and information retrieved from the registers
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sub-threshold insomnia (ISI: 8–14); moderate clinical
insomnia (ISI: 15–21); and severe clinical insomnia
(ISI: 22–28). In this study, only the summed score of ISI
was used. The ISI has provided excellent psychometric
properties [47, 48].

Health care costs
Data on inpatient (hospital days and treatments) and
outpatient (visits to various categories of health care
providers) care were retrieved from the Health Care
Register in Östergötland (Fig. 1). To determine costs of
health care consumption, data from the Health Care
Register in Östergötland were linked to the regional Cost
Per Patient database provided by Östergötland County
Council. Drug prescription data were retrieved from the
National Board of Health and Welfare. These registers
have been described in detail elsewhere [9].
Information on all health care and medicine costs re-

lated to the participants in our study were gathered by
matching the national personal identification numbers
to the above registers. The following costs were included
in the present study: outpatient care, inpatient care, total
costs for all medicine outlets, total health care costs, and
total costs for pain drugs.

Statistics
All statistical analyses were performed using SPSS ver-
sion 22.0 for Windows (IBM Corp., Armonk, NY, USA).
All tests were two-tailed and statistical significance was
defined as a value of p ≤ 0.05. Data are presented as
mean ± standard deviation (SD) for continuous variables
and as count (percentage) for categorical variables.
In a first step, we aimed to identify clusters (i.e., sub-

populations of Swedish older adults with chronic pain)
based on the clinical symptoms of pain intensity, num-
ber of pain sites, anxiety, depression, and pain catastro-
phizing. Hence, these variables were considered as
classification variables. To this end, a two-step cluster
analysis (TSCA) was performed. In the TSCA, the num-
ber of clusters was determined automatically by first
running pre-clustering and then by hierarchical methods
on basis of the best fit. The classification variables were
also z-standardized by default in order to be commen-
surable (Additional file 1). Assumption of the independ-
ence between the classifications variables were also
examined (Additional file 1: Table S2). TSCA has several
proper features that distinguish it from traditional clus-
tering techniques (i.e., hierarchical and K -mean). These
features make it possible to define clusters based on
both categorical and continuous variables to be analysed
from large data sets, to specify the importance of pre-
dictor variables included in the analysis, and to automat-
ically select the number of clusters. Furthermore, TSCA
is more effective for continuous variables when the

sample is large (>200) [49]. Model fit was assessed by
Schwarz’s Bayesian information criterion (BIC) and eval-
uated by the average silhouette coefficient, which evalu-
ates cluster cohesion and separation measures. The BIC
is a criterion for model selection among a finite set of
models; the model with the lowest BIC is preferred [50].
The silhouette coefficient is an internal validity index
that typically ranges between 0 and 1: the closer to 1,
the better the model. The smallest BIC value accompan-
ied by the highest values of BIC change, (i.e., the ratio of
BIC changes and the ratio of distances) and an average
silhouette coefficient equal or above 0.50 indicates good
model fit [51]. Next, we investigated the derived clusters
with respect to age, sex, education, family status, quality
of life, general health, insomnia, and health care costs
(all continuous denominated external variables) using
the Chi-square test for categorical variables and one-way
analysis of variance (ANOVA) for continuous variables.
When significant differences were found (p ≤ 0.05), we
performed bivariate multinomial logistic regression ana-
lysis to identify possible significant associations of the
clusters with the above-mentioned external variables,
presented as odds ratios (OR) with 95% confidence in-
tervals (CIs). Multinomial logistic regression is an exten-
sion of binary logistic regression and it is used when the
dependent variable has more than two nominal categor-
ies. Hence, our dependent variable had four possible cat-
egories (Subgroup 1, Subgroup 2, Subgroup 3, and
Subgroup 4). We chose Subgroup 4 as the baseline refer-
ence category, to assess the odds of Subgroup 1 vs Sub-
group 4, the odds of Subgroup 2 vs Subgroup 4, and the
odds of Subgroup 3 vs Subgroup 4. Since we explored
natural subpopulations (i.e., clusters), we did not control
for covariates in the multinomial logistic regression
analysis.

Results
General characteristics of the total sample
Of the 10,000 subjects selected from the sample, 3261
did not return the questionnaire, 58 were not reachable,
and 70 failed to complete vital number of the question-
naires, leaving a total of 6611 (66.1%) valid responses. Of
these, 4154 respondents were further excluded because
they did not meet the criteria for chronic pain (i.e., pain
lasting more than 3 months) (Fig. 2). Therefore, the total
sample consisted of 2457 older adults – 981 men
(39.9%) and 1476 women (60.1%) – with chronic pain.
The mean age was 75.9 (SD = 7.4) and there was no sig-
nificant difference in age between the men and women.
The comparison between baseline characteristics of the
subjects included with those excluded from the study re-
vealed that there were significant differences in the sex
(p < 0.001) and education distribution (p = 0.003), indi-
cating that those who excluded were more likely to be
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men and higher educated compared to those included.
The additional comparison analysis between the subjects
excluded due to missing data and those included in the
analysis showed significant differences, indicating that
those with missing data were more likely to be in older
ages (p < 0.001), women (p = 0.002), secondary educated
(p = 0.024) and widowed (p = 0.011) relative to those in-
cluded in the analysis.
The mean values of the classification variables in the

whole sample were pain intensity (M = 5.0; SD = 2.0),
number of pain sites (5.7; SD = 5.2), anxiety (M = 6.3;
SD = 4.8), depression (M = 5.5; SD = 3.7), and pain cata-
strophizing (M = 11.8; SD = 8.6) (Table 1).

The two-step cluster analysis
The analysis excluded 163 individuals: 157 due to par-
tially missing values in the questionnaires regarding the
classification variables and six due to extreme values in
those variables (i.e., outliers). As a result, the analysis

included a valid number of 2294 out of 2457 (93%) indi-
viduals with chronic pain to be clustered and further
analysed (Fig. 2).
Four major clusters (Subgroups 1–4) based on pain in-

tensity, number of pain sites, anxiety, depression, and pain
catastrophizing were identified (Table 1). Although the
lowest BIC coefficient was for nine clusters, the optimal
number of clusters was four, because the largest BIC
change, the ratio of BIC changes and the ratio of distances,
were for four clusters (data not shown). Additionally, the
quality of the model for the four clusters was good: average
silhouette coefficient = 0.50, indicating a reasonable cluster
structure [51]. The most important predictors of cluster/
subgroup membership among the classification variables
were depression and anxiety (both predictor import-
ance = 1). However, in order to evaluate the stability of the
cluster solution, a hierarchical cluster analysis was also per-
formed in a random sample of 50% of the participants, and
identical results were observed as those in the two step
cluster analysis. On the other random 50% we performed
K-means cluster methods and got the same results.

Description of the derived clusters
Table 1 shows the distribution of the four clusters and
the comparisons among them. The description of the
clusters is based on the mean values of each classifica-
tion variable in relation to the mean values of those vari-
ables in the whole sample (Table 1). Thus, the mean
values of the classification variables one unit or more
above the mean values of the total sample were consid-
ered high. Mean values differing less than one unit or
more from the mean values of the total sample were
considered moderate. Mean values one unit or lower
than the mean values of the total sample were consid-
ered low.
Subgroup1 (n = 325; 15%) had high mean values for

pain intensity, moderate mean values for number of pain
sites, and high mean values for anxiety, depression, and
pain catastrophizing. Subgroup 2 (n = 516; 22%) had the
high mean values for pain intensity and number of pain
sites, moderate mean values for anxiety and depression,
and high mean values for pain catastrophizing. Subgroup
3 (n = 686; 30%) had low mean values for pain intensity
and number of pain sites and moderate mean values for
anxiety, depression, and pain catastrophizing. Subgroup
4 (n = 767; 33%) had low mean values in all the classifi-
cation variables (Table 1). Significant overall differences
with regard to classification variables were found among
the four subgroups (p < 0.001) (Table 1).

Comparisons between subgroups with respect to external
variables
In the univariate analysis, overall significant differences
were found between the four subgroups with regard to

Fig. 2 Flow chart showing study population from initial sample to
final eligible sample
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sociodemographic aspects (i.e., age, sex, education, and
family status) (all p < 0.001) (Table 2). Significant differ-
ences between the four subgroups were also found with re-
spect to quality of life (i.e., EQ-5D-index and EQ-5D-VAS),
general health, insomnia, and annual all health care costs
(all p < 0.001) (Table 3).
The results of the multinomial logistic regression ana-

lysis are presented in Table 4. Compared to Subgroup 4,
both Subgroup 1 and Subgroup 2 were associated with
decreased quality of life according to the EQ-5D-index
(Subgroup 1: OR = 0.02, 95% CI: 0.01–0.03, Subgroup 2:
OR = 0.02, 95% CI: 0.01–0.10) and the EQ-5D-VAS
(Subgroup 1: OR = 0.85, 95% CI: 0.67–0.99, Subgroup 2:
OR = 0.98, 95% CI: 0.97–0.99) (Table 4). A similar pat-
tern was found for general health. Compared to Sub-
group 4, both Subgroup 1 and Subgroup 2 were also
associated with increased levels of insomnia (OR = 1.23,
95% CI:1.17–1.28 and OR = 1.13, 95% CI: 1.08–1.17,

respectively) and increased health care costs (i.e., out-
patient care, inpatient care, total costs for all medicine
outlets, total health care, and total costs for pain medi-
cine) (Table 4) and Subgroup 3 were associated with de-
creased general health (OR = 0.66, 95% CI: 0.62–0.72)
and increased levels of insomnia (OR = 1.10, 95% CI:
1.07–1.14) (Table 4). Sex, age, educational level, and
family status were not significant variables in the multi-
nomial logistic regression analysis, although the univari-
ate analysis revealed significant differences between the
four clusters with respect to those variables (Table 2).

Discussion
There were three main findings of this population study
of older adults with chronic pain:

� We found four clusters based on pain intensity,
spreading of pain on the body, anxiety, depression,

Table 2 Mean values (±SD) of socio-demographic characteristics in the four subgroups and comparisons among the subgroups

Variables Subgroup 1*
(n = 325)

Subgroup 2†

(n = 516)
Subgroup 3‡

(n = 686)
Subgroup 4§

(n = 767)
p valuea

Age (years)b 77.8 ± 7.7 76.0 ± 7.4 76.2 ± 7.3 73.1 ± 6.7 <0.001

Sex (%) <0.001

Men 36.3 36.2 39.7 45.0

Women 63.7 63.8 60.3 55.0

Education (%) <0.001

High school (secondary) 61.5 54.8 54.5 49.1

Upper secondary school or vocational training ≥2 years 23.7 26.0 25.7 26.9

College or university for ≤2 years 5.7 10.1 7.6 9.3

College or university ≥3 years 9.1 9.1 12.2 14.8

Family status (%) <0.001

Married 47.4 53.7 58.3 61.8

Single 3.7 6.0 4.7 5.3

Divorced 19.7 17.1 14.4 15.1

Widowed 29.2 25.3 22.6 17.7

*Subgroup 1 = older adults with moderate pain and high psychological symptoms; †Subgroup 2 = older adults with high pain and moderate psychological
symptoms; ‡Subgroup 3 = older adults with low pain and moderate psychological symptoms; §Subgroup 4 = older adults with low pain without psychological
symptoms; aOne way ANOVA for continuous variables and chi square test for categorical variables; bMean ± SD = standard deviation

Table 1 Classification variables of the total sample, the clusters (subgroups) and overall comparisons among the subgroups

Variables** (Mean ± SD; otherwise stated) Total sample Subgroup 1* Subgroup 2† Subgroup 3‡ Subgroup 4§ p valuea

Total number of participants (n, %) 2.294 (100.0) 325 (14.6) 516 (22.1) 686 (29.9) 767 (33.4)

Pain intensity (NRS7d), range 0–10 5.00 ± 2.0 6.5 ± 1.8 7.4 ± 1.9 4.1 ± 1.2 4.0 ± 1.5 <0.001

Number of pain sites, range 1–45 5.7 ± 5.2 6.7 ± 5.0 11.5 ± 6.9 3.8 ± 2.3 3.9 ± 2.7 <0.001

GWBS-Anxiety, range 0–25 6.3 ± 4.8 13.5 ± 3.8 6.10 ± 3.2 7.5 ± 3.3 1.9 ± 1.7 <0.001

GWBS- Depression, range 0–20 5.5 ± 3.7 10.6 ± 3.2 5.2 ± 2.6 6.8 ± 2.4 2.1 ± 1.4 <0.001

PCS, range 0–39 11.8 ± 8.6 24.1 ± 7.3 13.6 ± 7.5 10.2 ± 7.4 7.5 ± 4.9 <0.001

GWBS General Well-being Schedule, NRS7d Pain intensity as measured by a numeric rating scale for the previous 7 days, PCS Pain catastrophizing scale, *Subgroup
1 = older adults with moderate pain and high psychological symptoms; †Subgroup 2 = older adults with high pain and moderate psychological symptoms;
‡Subgroup 3 = older adults with low pain and moderate psychological symptoms; §Subgroup 4 = older adults with low pain without psychological symptoms;
aOne way ANOVA; SD = standard deviation. **For all classification variables high values indicate worsening health status
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Table 3 External variables concerning health aspects and costs in the subgroups and comparisons among the subgroups

Variables (mean ± SD) Subgroup 1*
(n = 325)

Subgroup 2†

(n = 516)
Subgroup 3‡

(n = 686)
Subgroup 4§

(n = 767)
p valuea

EQ-5D-index 0.41 ± 0.4 0.56 ± 0.3 0.69 ± 0.2 0.76 ± 0.1 <0.001

EQ-5D-VAS (0–100) 45.9 ± 21.0 57.2 ± 21.6 64.3 ± 19.9 75.9 ± 17.2 <0.001

GWBS general health 5.1 ± 3.1 8.7 ± 5.1 9.8 ± 4.6 12.3 ± 2.1 <0.001

Insomnia 14.4 ± 5.2 11.7 ± 4.9 10.5 ± 4.5 7.5 ± 4.3 <0.001

Outpatient annual care cost (Euros) 2937 ± 3948 2586 ± 3580 2002 ± 3163 1751 ± 3335 <0.001

Inpatient annual care cost (Euros) 2368 ± 7948 1778 ± 6901 1395 ± 5975 878 ± 3782 <0.001

Pain drug annual cost (Euros) 116 ± 303 101 ± 236 35 ± 103 25 ± 88 <0.001

Total annual drug cost (Euros) 890 ± 1462 733 ± 1410 510 ± 942 406 ± 913 <0.001

Total annual health care cost (Euros) 6200 ± 10,405 5098 ± 9170 3907 ± 8526 3030 ± 6014 <0.001

EQ-5Dindex = The European quality of life instrument; EQ-5D-VAS (0–100) = The European quality of life instrument thermometer-like scale, GWBS = General
Well-being Schedule; *Subgroup 1 = older adults with moderate pain and high psychological symptoms; †Subgroup 2 = older adults with high pain and moderate
psychological symptoms; ‡Subgroup 3 = older adults with low pain and moderate psychological symptoms; §Subgroup 4 = older adults with low pain without
psychological symptoms; aOne way ANOVA; SD = standard deviation

Table 4 Bivariate multinomial logistic regression analysis of factors associated with the clusters/subgroups (n = 2294)

Clusters

Subgroup 1* vs subgroup 4§ Subgroup 2† vs subgroup 4§ Subgroup 3‡ vs subgroup 4§

Variables OR 95% CI p value OR 95% CI p value OR 95% CI p value

Age (years) 1.02 (0.98–1.07) 0.203 1.00 (0.97–1.04) 0.750 1.02 (0.99–1.05) 0.144

Men (Reference group) 1.00 - - 1.00 - - 1.00 - -

Women 1.29 (0.72–2.32) 0.390 1.22 (0.77–1.93) 0.383 0.90 (0.61–1.34) 0.627

High school (secondary) (Reference group) 1.00 - - 1.00 - - 1.00 - -

Upper secondary school or vocational training ≥2 years 0.78 (0.39–1.56) 0.490 1.17 (0.68–1.99) 0.558 1.08 (0.67–1.73) 0.745

College or university for ≤2 years 0.31 (0.09–1.05) 0.060 1.34 (0.66–2.75) 0.413 0.93 (0.48–1.81) 0.846

College or university ≥3 years 0.85 (0.34–2.16) 0.748 0.65 (0.31–1.37) 0.266 0.86 (0.47–1.57) 0.630

Married (Reference group) 1.00 - - 1.00 - - 1.00 - -

Single 1.34 (0.35–5.14) 0.661 1.53 (0.61–3.92) 0.366 1.05 (0.43–2.61) 0.903

Divorced 1.92 (0.91–4.01) 0.082 0.93 (0.51–1.72) 0.829 1.17 (0.69–1.98) 0.557

Widowed 1.23 (0.57–2.63) 0.594 1.07 (0.58–1.98) 0.827 0.96 (0.54–1.68) 0.888

EQ-5D-index 0.02 (0.01–0.03) <0.001 0.02 (0.01–0.10) <0.001 0.30 (0.06–2.24) 0.281

EQ-5D-VAS (0–100) 0.85 (0.67–0.99) 0.022 0.98 (0.97–0.99) <0.001 0.99 (0.99–1.01) 0.874

GWBS general health 0.45 (0.56–0.68) <0.001 0.71 (0.61–0.82) <0.001 0.66 (0.62–0.72) <0.001

Insomnia 1.23 (1.17–1.28) <0.001 1.13 (1.08–1.17) <0.001 1.10 (1.07–1.14) <0.001

Outpatient annual care cost (Euros) 1.10 (1.02–1.07) 0.008 1.06 (1.01–1.12) 0.029 1.00 (1.00–1.00) 0.132

Inpatient annual care cost (Euros) 1.11 (1.01–1.05) 0.002 1.02 (1.01–1.03) 0.002 1.00 (1.00–1.00) 0.084

Pain drug annual cost (Euros) 1.06 (1.01–1.04) 0.050 1.02 (1.01–1.03) 0.040 0.99 (0.99–1.01) 0.777

Total annual drug cost (Euros) 1.05 (1.01–1.13) 0.041 1.02 (1.01–1.04) 0.050 1.00 (1.00–1.00) 0.579

Total annual health care cost (Euros) 1.03 (1.01–1.02) 0.050 1.01 (1.01–1.02) 0.050 0.99 (0.99–1.00) 0.843

EQ-5Dindex = The European quality of life instrument; EQ-5D-VAS (0–100) = The European quality of life instrument thermometer-like scale, GWBS = General
Well-being Schedule; OR = odds ratio; CI = confidence interval
*Subgroup 1 = older adults with moderate pain and high psychological symptoms; †Subgroup 2 = older adults with high pain and moderate psychological
symptoms; ‡Subgroup 3 = older adults with low pain and moderate psychological symptoms; §Subgroup 4 = older adults with low pain without psychological
symptoms; Reference category = §Subgroup 4; Nagelkerke R2 = 0.36; all significant factors (p ≤ 0.05) in bolds
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and pain catastrophizing in older adults. In
particular, we identified two high risk clusters
(Subgroups 1 and 2) comprising one-third of the
study sample and two less affected clusters
(Subgroups 3 and 4) in terms of symptom severity.

� Subgroup 1 was mainly described by increased
psychological symptoms and Subgroup 2 was
mainly described by increased pain intensity
and pain spreading.

� The multinomial logistic regression analysis revealed
that, compared to Subgroup 4, Subgroups 1 and 2 were
associated with decreased quality of life, decreased
general health, increased insomnia, and increased
health care costs and Subgroup 3 was associated with
decreased general health and increased insomnia.

The age range in this population study of older adults
and the classification variables used make it difficult to
compare the results with previous research. Neverthe-
less, our results are supported by previous studies of pa-
tients, including older adults, with chronic pain and
fibromyalgia syndrome, [34–36, 38, 52, 53]. Four of
those studies [34–36, 52] found at least one subgroup of
patients with moderate pain intensity and elevated psy-
chological symptoms similar to our Subgroup 1 and one
subgroup with low levels of pain intensity and psycho-
logical symptoms (i.e., similar to Subgroup 4). Addition-
ally and in line with our results, one of these studies
found one subgroup of individuals with pain the previ-
ous 4 weeks (> 50 years old) had on average ten pain
sites, corresponding to our Subgroup 2, and another
subgroup reported on average five pain sites, corre-
sponding to our Subgroup 1 [38].
One main finding consistent with previous clustering

studies was the documentation of psychological symp-
toms as variables that differentiate chronic pain clusters
[34–36, 52]. Thus, we found that that the identification
of Subgroup1 was mainly based on high levels of depres-
sion, anxiety, and pain catastrophizing. It is well known
that depression, anxiety, and pain catastrophizing are
common in cohorts of individuals with chronic pain
[22, 34–36, 52]. Subgrouping studies not specifically fo-
cused on older adults have found a variety of clusters in
cohorts with chronic pain based on those psychological
symptoms [22, 23, 35, 52]. For example, Loevinger et al.
[52] found at least three subgroups of chronic pain pa-
tients with high psychological symptoms. The question
may arise how the reported values of anxiety and depres-
sion relate to clinical anxiety and/or depression. The
GWBS instrument - including the subscales of depression
and anxiety - was chosen since it is designed for epidemio-
logical studies. To the best of our knowledge there exist
no clinical cut off values for the subscales of GWBS indi-
cating definite increased risk for clinical depression or

anxiety. Hence, in future studies it will be important to
determine if e.g. the levels of anxiety and/or depression in
subgroup 2 (Table 1) represent clinical anxiety and/or
depression or subclinical levels.
There was a predominance of elevated pain intensity and

number of pain sites, representing spreading of pain on the
body in Subgroup 2, distinguishing this subgroup from the
other subgroups. The impact of pain spreading in cluster
analysis/methodology of pain conditions is in accordance
with findings reported from previous cross-sectional stud-
ies [38, 54]. One of those studies reported significance of
pain spreading for derivation of clusters in elderly individ-
uals [38]. That study, unlike our study, did not examine
the significance of pain intensity and of psychological
symptoms for the cluster formation [38]. Evidence of
spreading of pain as a substantial pain characteristic is
growing [16, 19, 21, 55], especially since a strong dose-
response relationship between spreading of pain and work
disability has been found [19]. Furthermore, spreading of
pain on the body has been shown to be associated with
pain frequency and duration [16], with chronic diseases in
the general population [16, 55], and with poorer lower ex-
tremity function [15]. Moreover, spreading of pain on the
body increases the risk of frailty in older populations [21].
There is also emerging evidence that pain intensity, as in
this study of older individuals with chronic pain, is another
important pain characteristic that can be used to identify
clinically relevant subgroups [14].
Mean age, the proportion of men and women, educa-

tional level, and family status were not similar across the
four subgroups. That is, Subgroups 1 and 2 were older,
had lower proportions of men, were less educated, and
were more often not married (Table 2). Similarly, Hirsh
et al. [36] found that demographic characteristics are as-
sociated with clusters of individuals suffering from pain.
However, in our more precise multinomial logistic re-
gression analysis, we were unable to confirm such socio-
demographic dependences (Table 4).
According to the multinomial logistic regression ana-

lysis, markedly poor quality of life and general health
were associated with Subgroup 1 (characterized by mod-
erate pain and high psychological symptoms). Insomnia
was also higher in this subgroup, compared to the other
subgroups, with an increased odd ratio of almost 23%.
The second highest affected subgroup in terms of quality
of life and general health was Subgroup 2 (characterized
by high pain level and moderate psychological symp-
toms). Moreover, for Subgroups 1 and 2 an impaired
quality of life was found as well as Subgroups 1, 2, and 3
were associated with decreased general health although
the strongest association was found in Subgroup 1.
These findings could mean that two distinct mechanisms
are responsible for decreased health-related quality of
life in older adults with chronic pain. One mechanism
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could be based on depression, anxiety, and catastrophic
beliefs about pain and one could be based on severity of
pain (i.e., spreading of pain and intensity of pain).
Indeed, several studies suggest that psychological
symptoms may have more influence on pain-related
consequences than pain itself [23–25, 28, 29]. From the
other side of the spectrum, both pain intensity and spread-
ing are now considered as potentially important indicators
of low health-related quality of life in older adults with
chronic pain [9, 20]. For example, Lacey et al. [20] in a
large population-based survey of musculoskeletal pain in
individuals ≥50 years old found a dose-response relation-
ship between the extent of pain on the body and quality of
life. These results match those observed in earlier studies
that have found that psychological comorbidities could
contribute to the link between health-related factors,
insomnia, and chronic pain [2, 5, 7, 8, 10].
Other studies have found that a relatively small pro-

portion of those with chronic pain consume the majority
of the resources [56, 57]. The multinomial logistic re-
gression analysis revealed that Subgroups 1 and 2 were
associated with elevated health care costs (all five inves-
tigated variables). This finding, to some extent, agrees
with Hirsh et al. [36]. They found at least one subgroup
of patients with chronic severe pain and comorbid de-
pression (similar to our Subgroup1) was associated with
the highest health care costs [36]. Our study agrees with
a recent systematic review that was not restricted to
older adults [58]; that review reported increased direct
health care costs in chronic low back pain with mental
disorders, mainly depression.
Considering individuals with chronic pain as a

homogenous group, as often done in clinical trials, may
yield debatable clinical outcomes [59]. Thus, multicom-
ponent approaches including psychological treatments
might be appropriate for individuals corresponding to
Subgroup1, whereas more pain targeting treatment
might be suitable for individuals corresponding to Sub-
group 2. This relationship could indicate that health care
costs will be reduced when specific treatment efforts are
made with respect to these two subgroups.
This study is the first of its kind to identify pain clus-

ters in older adults by taking into account core symp-
tomatology of chronic pain. The large sample size is
another strength, giving us good power for the reported
findings. However, this study has some limitations. The
cross sectional study design is unable to identify direc-
tions of casualty. Another limitation is that we used post
surveys instead of a face-to-face clinical examination,
which has been shown to be associated with more ro-
bust assessments [3], although we used valid instruments
with reliable psychometric properties to measure the
presence of the studied symptomatology. Even though
pain intensity and spreading of pain were found to be

important aspects for the formation of the subgroups
factors such as pain interference may also predict out-
comes in this field. In future investigations of subgroups
in patients with chronic this dimensions should be in-
cluded. The fact that PCS due to a technical mistake
(the most negative alternative of each item was not in-
cluded) had a shorter range of responses decreases the
variability of PCS and might be associated with an
underestimation of the importance of PCS when identi-
fying the four subgroups. This study does not consider
the role of physical comorbidities and cognitive func-
tioning, factors that may be associated with the chronic
pain in older adults [3, 6, 18, 30]. Additional research
should be undertaken in this age group that includes
these factors in order to develop clinically valid and eas-
ily detectable subgroups. Finally, the two step cluster
analysis is easily accessible, but also ambiguous mainly
because it is based on a “distance-based cluster method”
instead of a probabilistic modelling approach (such as la-
tent class analysis; LCA). The main difference is that
LCA is a “top-down approach” which better describes the
distribution of the data and provides information on the
classification probabilities for individual classification
while the other clustering algorithms are rather “bottom-
up approaches” which are based on the dissimilarities or
similarities between cases. The two step cluster, however,
uses a similar method to LCA to choose the optimal
subgroup model, and it has been found to perform regu-
larly better than traditional hierarchical cluster techniques
(i.e., hierarchical and K -mean) [60].

Conclusions
In conclusion, there were at least two high-risk subgroups
of individuals comprising approximately one-third of the
studied population of older adults with severe implications
for individuals, health care providers, and the health care
system. One of the most important and clinically relevant
findings was the significance of pain intensity and pain
spreading on the body along with psychological symptoms
in generating subgroups in a Swedish general population.
The presence of significant subgroups of patients with
chronic pain have been described in highly selected
groups of chronic pain patients e.g. at clinical departments
of University hospitals [61, 62]. An important clinical as-
pect of the present study is that such subgroups are
present in the population and a broad assessment includ-
ing psychological aspects are necessary when patients are
seeking primary health care. Furthermore, increased
health care costs were associated with either prominent
pain or prominent psychological symptoms. Identifying
and treating these two subgroups based on the actual pat-
tern of symptoms has the potential to improve health and
quality of life and decrease health care costs; clearly, more
studies on this topic are needed.
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