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ABSTRACT
Objective: Most pain in patients aged ≥50 years
affects multiple sites and yet the predominant mode of
presentation is single-site syndromes. The aim of this
study was to investigate if pain sites form clusters in
this population and if any such clusters are associated
with health factors other than pain.
Setting: Six general practices in North Staffordshire,
UK.
Design: Cross-sectional, postal questionnaire, study.
Participants: Community-dwelling adults aged
≥50 years registered at the general practices.
Main outcomes measures: Number of pain sites
was measured by asking participants to shade sites of
pain lasting ≥1 day in the past 4 weeks on a blank
body manikin. Health factors measured included
anxiety and depression (Hospital and Anxiety
Depression Scale), cognitive complaint (Sickness
Impact Profile) and sleep. Pain site clustering was
investigated using latent class analysis. Association of
clusters with health factors, adjusted for age, sex, body
mass index and morbidities, was analysed using
multinomial regression models.
Results: 13 986 participants (adjusted response 70.6%)
completed a questionnaire, of whom 12 408 provided
complete pain data. Four clusters of participants were
identified: (1) low number of pain sites (36.6%), (2)
medium number of sites with no back pain (31.5%), (3)
medium number of sites with back pain (17.9%) and (4)
high number of sites (14.1%). Compared to Cluster 1,
other clusters were associated with poor health. The
strongest associations (relative risk ratios, 95% CI) were
with Cluster 4: depression (per unit change in score)
1.11 (1.08 to 1.14); cognitive complaint 2.60 (2.09 to
3.24); non-restorative sleep 4.60 (3.50 to 6.05).
Conclusions: These results indicate that in a general
population aged ≥50 years, pain forms four clusters
shaped by two dimensions—number of pain sites (low,
medium, high) and, within the medium cluster, the
absence or presence of back pain. The usefulness of
primary care treatment approaches based on this simple
classification should be investigated.

INTRODUCTION
Multisite pain is common in adults aged ≥50
years,1–3 with 40% of persons aged ≥65 years
reporting pain at ≥2 sites.4 Despite the
common occurrence of multisite pain, the
clinical presentation, assessment and treat-
ment of pain has tended to focus on single
sites of pain.5 For example, in a UK consult-
ation database of 12 general practices, 86%
of musculoskeletal primary care consulta-
tions were for pain at a single body region
compared with 8% defined as a generalised/
widespread problem.6 This may reflect the
prioritisation of pain problems by patients
and general practitioners, both of whom are
aware of the limited time available in a
routine primary care consultation.5

The presence of pain occurring at site(s)
additional to the one presented increases the
likelihood and severity of disability in people
aged ≥50 years.2 Indeed, the extent of pain
has a strong dose–response relationship with
mental and physical health outcomes in this
age group, including sleep disturbances,7

falls,8 lower extremity dysfunction4 and

Strengths and limitations of this study

▪ This was a large population study of
community-dwelling adults aged ≥50 years,
48% of whom were aged ≥70 years.

▪ There was a high response to the study (70.6%).
▪ We measured several potential confounders of

the relationship between pain clusters and health
factors that are common in those with multisite
pain and of age ≥50 years.

▪ The data are cross-sectional, so we cannot
specify the direction of the associations.

▪ We did not assess physical health outcomes or
pain intensity at each pain site.
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cognitive complaint.9 In separate analyses, Leveille et al8

demonstrated an association between falls and number
of pain sites, and falls and location of pain. However,
these studies did not account for the possibility that dis-
tinct patterns of multisite pain may exist, with respect to
the number and location of pain sites taken into
account simultaneously, which may be of practical value
in the management of pain in people aged 50 years and
above. Evidence from an existing study of patterns of
multisite pain suggests that patterns may differ in adults
aged ≥50 compared with those aged ≤50 years, although
the study focus was not the older age group.10 As adults
over 50 years live longer, the impact of multisite pain on
individuals and health services is likely to increase.
Identification of specific patterns of multisite pain in
people aged ≥50 years, which may also be differentially
associated with health outcomes, may provide a basis for
developing improved clinical assessment and targeted
treatment of multisite pain in this age group of primary
care patients consulting with apparent single site pain.
The aim of our study was to determine, in persons

aged ≥50 years, if pain sites form clearly defined clus-
ters. Secondary analyses tested whether pain clusters
were associated with clinically important health factors
known to be linked with pain in people aged ≥50 years
(sleep, anxiety, depression and cognitive complaint).

METHODS
For purposes of clarity and brevity, we will refer to the
study population of persons aged ≥50 years as ‘older
people’ in the rest of this paper.
This study drew on information from the North

Staffordshire Osteoarthritis Project (NorStOP). NorStOP
was a series of three community-based prospective
cohort studies of joint pain and general health in the
registered older adult populations of general practices in
North Staffordshire, UK. The current study used base-
line data, collected between 2002 and 2003, from two
cohorts of NorStOP. Details of the NorStOP methods
and sample size have been published previously.11–13

Older adults were defined as aged ≥50 years for
NorStOP, since age-related rates of chronic disease
including osteoarthritis start to rise dramatically, and
general practitioners’ labelling of joint pain starts to
reflect the probability that the reason for joint pain is
likely to be osteoarthritis, from age 50 upwards.14

Consent to use the data collected in the questionnaires
was implied through the returning of the questionnaires
to the research centre.9 14 Approval for the study was
granted by the North Staffordshire Research Ethics
Committee (REC reference numbers 1351 and 1430).

Study population
The sampling frame for the current study was all adults
aged ≥50 years registered with six general practices
(n=20 293; figure 1), which are part of Primary Care
Clinical Research Network: West Midlands (http://www.

crn.nihr.ac.uk/west-midlands/). In the UK, about 98%
of the British population are registered with a general
practitioner (GP),15 regardless of whether they seek
treatment or not; hence the registers provide a conveni-
ent means of obtaining a representative sample of the
general population in a locality. Following a screen by
GPs, 79 people were excluded, for example, due to
severe psychiatric or terminal illness. A total of 20 214
self-complete questionnaires were mailed with a letter
from the general practice and a study information
leaflet. The questionnaire included items on pain,
demographic factors, health behaviours, psychological
factors and morbidities. During mailing, 396 people
were excluded (deaths, departures from the practices
and addressees unknown) giving an eligible study popu-
lation of 19 818. To maximise response to the survey,
reminders were sent to non-responders 2 and 4 weeks
after the initial questionnaire.

Study questionnaire
Pain ascertainment
Participants were asked if, in the past 4 weeks, they had
had pain that had lasted for 1 day or longer in any part
of their body. Those answering positively to this question
were asked to shade the site of their pain(s) on a blank
body manikin with front and back views. For all ques-
tionnaires returned, completed manikins were scored
using a transparent template which was placed over each
completed manikin and the number of painful sites for
each participant was recorded.11 This method has been
used widely in population studies of pain to measure
pain location,2 3 9 11 14 has been shown to have good
reliability,16 17 and to give a similar prevalence of pain to
written questions.18 The data from the scored manikins
was used to identify those participants reporting pain or
no pain in each of the following 16 sites: head, neck,
chest, abdomen, shoulder, elbow, forearm, hand, spine,
upper back, lower back, buttock, thigh, knee, calf and
shin, foot.

Self-reported health measures
1. Anxiety and depression were measured using the

Hospital Anxiety and Depression Scale (HADS).19

The 14-item HADS has two subscales, anxiety and
depression, each comprising seven items scored 0–3,
with a total score range from 0 to 21; if one item is
unanswered in either the anxiety or depression sub-
scale, it is substituted with the mean of the other six
values that are present.19 The HADS has been used
widely in population studies of pain to measure
anxiety and depression.2 9 13 14 A review of the valid-
ity of the HADS concluded it performed well in
screening for the separate dimensions of anxiety and
depression, and caseness of anxiety disorders and
depression, in non-psychiatric hospital clinic, general
practice and psychiatric patients, and the general
population.20 The review found acceptable internal
consistencies for anxiety (Cronbach’s α 0.68–0.93)
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and depression (0.67–0.90), and evidence for a two-
factor structure,20 although some correlation
between the two subscales existed.20 21

2. Cognitive complaint (the perception of cognitive
impairment) was measured using the Alertness
Behaviour Subscale (ABS), one of the 12 domains in
the Sickness Impact Profile (SIP).22 The ABS contains
10 items describing alertness and ability to concentrate,
to which respondents answer ‘yes’ or ‘no’; higher scores
represent worse cognitive complaint. The positive
answers are weighted, summed and converted to a per-
centage.9 22 A previous study has shown that responders
aged ≥50 years with no cognitive complaint, that is, a
score of 0 on the ABS, represent over 50% of this age
population.9 Since our aim was to investigate whether
there were overall differences in cognitive complaint
between the clusters, rather than classify individuals on
the ABS, we took a statistical approach of categorising
all positive ABS scores (1–100) into approximately
equal size groups as in the previous study,9 to represent
mild, moderate, severe and very severe cognitive com-
plaint. There is generally good evidence for the validity
of the SIP in rheumatology studies.23 Although the reli-
ability of some subscales of the SIP are reported to have
problems due to ceiling effects,23 the reliability of the
ABS has been shown to be acceptable (Cronbach’s α
0.76) in musculoskeletal patients.24

3. Sleep problems were measured using four questions
regarding symptoms of poor sleep quality developed
by Jenkins et al:25 “Over the past 4 weeks, did you: (a)
Have trouble falling asleep? (b) Wake up several
times per night? (c) Have trouble staying asleep? (d)
Wake up after your usual amount of sleep feeling
tired and worn out?” Each question had three pos-
sible response categories: Not at all, On some nights
and On most nights. This method has been used pre-
viously in several studies.14 26–28 To examine the
overall differences in the four sleep problems
between the clusters, rather than classify individuals
according to insomnia, each item was analysed indi-
vidually as in previous studies.13 26

Potential confounding factors
Body mass index (BMI) was calculated from self-
reported height and weight (weight (kg)/height (m)2).
Morbidities commonly associated with older age were
counted (from 0 to 6) by asking participants if they suf-
fered from any of the following six health problems:
chest problems, heart problems, deafness, eyesight pro-
blems (excluding the need for glasses), diabetes or
raised blood pressure.12 These morbidities were used to
investigate differences in health problems between clus-
ters, rather than the specific nature of those differences;
these morbidities represent one of a number of possible

Figure 1 Flowchart of numbers of individuals at each stage of the study: Flowchart showing the sampling frame for the study,

numbers of individuals excluded and the reasons for their exclusion at all stages of mailing, and response to the study.
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approaches to measuring comorbidity in groups and
have been used in previous studies.3 13 29

Statistical analysis
The analysis included participants who provided com-
plete pain data, defined as either ‘yes’ to pain in past
4 weeks question and shading on the manikin, or ‘no’ to
pain in past 4 weeks question and no shading on the
manikin. The demographic characteristics of those who
provided complete pain data and those who did not
were compared using χ2 and one way analysis of variance
(ANOVA).
Latent class analysis (LCA) was used to identify a sub-

stantive number of clusters with different combinations
of 16 pain sites. LCA takes into account not only the
number of sites of pain but also the location of the sites.
In the same cluster, people were assumed to have similar
combinations of pain sites and similar numbers of pain
sites.30 LCA models were fitted successively, starting with
a one-cluster model and adding another cluster for each
successive model. Model fit was assessed by Bayesian
information criterion (BIC), the Lo, Mendell and Rubin
(LMR) adjusted likelihood test31 and manual inspection
of bivariate residuals.32 33 The smallest BIC value and a
low proportion of bivariate residuals with values above
1.96 indicate good model fit, while the LMR test assesses
whether adding one further cluster significantly
improves the model fit. Cluster distinction was measured
using cluster average posterior probabilities (AvePPs),
where a value of above 0.7 represents clear separation.34

We aimed to identify a simple but distinct classification.
Accordingly, if statistical fit indices suggested complex
models with diminutive improvement, and models with
few clusters gave similar levels of cluster distinction, we
would choose the model with the fewer number of clus-
ters. For each cluster in the chosen LCA model, item
conditional probabilities of pain sites give the probabil-
ities that a participant in that cluster reported pain at
specific site(s). These probabilities were examined to
determine the cluster-specific characteristics of pain
sites, with clusters labelled according to an arbitrary
cut-off of probability of pain at each site of ≥0.5.
The distribution of pain clusters according to demo-

graphic factors and other health factors are presented as
frequencies and percentages, or mean and standard devi-
ation (SD), together with the number of participants
with complete data for each variable of interest. χ2 and
ANOVA tests examined the strength of the associations
between the pain clusters and all other measures. The
median number of pain sites (and inter-quartile range
(IQR)) within each pain cluster was calculated. The asso-
ciation of pain clusters with health factors overall,
adjusted for age, sex, BMI and number of morbidities,
was analysed using multinomial logistic regression
models, presented as relative risk ratios (RRR) with 95%
confidence intervals (CIs). Participants with complete
data for all variables were included in the regression ana-
lyses. Uncertainty of cluster membership was taken into

account by including each participant’s posterior prob-
ability of being in the assigned cluster as a weighted
measure.
All LCA models were estimated with 1000 randomly

starting values via Mplus V.7.0. Statistical analysis was per-
formed using STATA V.12.1 and IBM SPSS Statistics
20.0.0 (2011).
Multiple imputation was applied to assess the impact

of missing data on the results of the multinomial logistic
regression. Imputations were performed using the -ice-
package in STATA statistical software (release 12.1;
StataCorp LP),35 and using the guidelines outlined.36

RESULTS
From the eligible study population, 13 986 people com-
pleted and returned NorStOP questionnaires, giving an
adjusted response of 70.6% (figure 1). Of those who
completed the questionnaires, 1578 did not provide
complete pain data (275 answered ‘yes’ to pain in past
4 weeks but did not shade on the manikin; 77 answered
‘no’ to pain in past 4 weeks but shaded pain on the
manikin; 1226 did not answer pain in past 4 weeks ques-
tion). Participants with complete pain data were more
likely to be male (44.3% vs 41.6%) and younger (mean
(SD) age 66.0 (10.2) years vs 70.3 (10.4) years) than
those who did not provide complete pain data. The
12 408 (88.7%) participants providing complete pain
data formed the final sample for analysis in the current
study. Of these, 10 538 (85%) had complete data on all
other measures.
A total of 6910 (55.7%) participants were female, and

the mean (SD) age was 66.0 (10.2) years, range 50–
99 years. A total of 8890 (71.6%) participants reported
pain. 1085 (8.7%) participants reported pain at a single
site and 7805 (62.9%) at two or more sites. The median
(IQR) number of pain sites was 3 (5). 5047 (73.0%)
females reported at least one pain site compared with
3843 (69.9%) males (p<0.001). There was no overall age
difference in the reporting of pain between the sexes
(mean (SD) age 66.7 (10.6) years in females vs 65.2
(9.7) years in males).
Positive ABS scores were defined as mild (1.00–12.65),

moderate (12.66–24.61), severe (24.62–47.12) and very
severe (47.13–100.00) cognitive complaint, with each cat-
egory representing 25% of participants with a score
between 1 and 100 on the ABS.
There was no statistically optimal model based on BIC

and LMR tests. However, the magnitude of decrease in
the log-likelihood and proportion of bivariate residuals
over 1.96 lessened after extracting ≥6 clusters which sug-
gested that extracting >5 clusters did not improve model
fit substantively. When compared to the 5-cluster model,
participants in the 4-cluster model generally displayed
higher posterior probabilities of belonging to their
assigned clusters (AvePPs ranging from 0.86 to 0.95
across the four clusters). Therefore, the 4-cluster model
was preferred (table 1).
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Table 2 shows the cluster-specific probability for having
pain at each site, given membership of that cluster, for
each of the four clusters. The first cluster (n=4537;
36.6%) had very low probabilities of pain at any site
(<0.09), a median (IQR) number of pain sites of 0 (0)
(ie, a no pain or low count of pain sites cluster) and was
labelled Cluster 1. The second cluster (n=3904; 31.5%)
had no probability of pain in the lower back, low prob-
abilities of pain in any particular other site apart from the
knee (0.56), and a median (IQR) number of pain sites of
3 (3); this medium count of pain sites (with no back
pain) cluster, was labelled Cluster 2. The third cluster
(n=2219; 17.9%) had high probabilities (0.72–0.90) of
pain in the spine, lower back and buttock, with low prob-
abilities of pain in any particular other site, and a median
(IQR) number of pain sites of 5 (3); this medium count
of pain sites (with back pain) cluster, was labelled Cluster
3. The fourth cluster (n=1748; 14.1%) had high probabil-
ities (0.55–0.91) of pain at 12 of the 16 pain sites, a
median (IQR) number of pain sites of 10 (3) (ie, a high
count of pain sites) and was labelled Cluster 4. Average
posterior probabilities were at least 86% for each cluster,
indicating a low chance of misclassification.
Age was associated with cluster membership (table 3).

Younger (50–64 years) participants were more likely to
be in Cluster 4, and those aged 65+ years were more
likely to be in Cluster 2. Sex was also associated with
cluster membership; females were more likely than
males to be in Cluster 4 (ie, to have a high count of
pain sites). Mean values for other characteristics (BMI,
anxiety, depression, morbidities, cognitive complaint
and sleep problems on most nights) were significantly
higher in Cluster 4 (p<0.001) than the two medium
count clusters, in which the values for these other
characteristics were generally similar (table 3).
The complete case analysis and models based on

imputed data yielded very similar coefficients (data avail-
able on request from RJL). The results from the com-
plete case analyses are presented here. After adjusting
for age, sex, BMI and number of morbidities, all health
factors except depression, trouble falling asleep on most
nights and trouble staying asleep on most nights were
significantly associated with Cluster 2 (table 4). Anxiety,

depression, moderate cognitive complaint and three of
the four sleep problems were significantly associated
with Cluster 3. All health factors, except trouble staying
asleep, were significantly associated with Cluster 4. In
age-stratified analyses (age 50–64 and age 65+) overall
results were similar to those for the complete case ana-
lysis, that is, in both age groups, health factors were asso-
ciated with Clusters 2–4 and the strength of associations
with Cluster 4 were stronger than with Clusters 2 and 3
(see online supplementary appendix, tables SA and SB).
The main differences between the age groups were: (1)
fewer health factors were significantly associated with
Cluster 2 in those aged 65+ than age 50–64, (2) depres-
sion was significantly associated with Cluster 3 in age 65+
but not in age 50–64, and (3) some levels of cognitive
complaint and some sleep problems were more strongly
associated with Clusters 2–4 in those aged 50–64 than
65+, particularly waking feeling tired.

DISCUSSION
These results show for the first time that pain sites form
four clusters in a population aged ≥50 years. Two dimen-
sions to the clustering are apparent. The first is number
of pain sites: low, medium and high. The significant dif-
ferences in other characteristics (including emotion,
cognition and sleep problems) between these three
levels of number of pain sites confirm ‘number of sites’
as a distinctive dimension of pain. The second dimen-
sion distinguishes the two medium count clusters by a
low or high probability of back pain; this is the only clus-
tering influenced specifically by location, and is notable
for the lack of any substantial differences between the
‘no back pain’ and ‘back pain’ medium count clusters
with respect to emotion, cognition and sleep. This indi-
cates that location is less important than number of sites
as the basis for distinguishing clusters of pain in older
people.
A previous study of a population aged ≥16 years used

separate LCAs to identify pain sites that co-occurred with
each of nine primary pain sites, rather than using a
single LCA on all 16 pain sites as in our study, and strati-
fied their data by age 16–44 and ≥45 years.37 This makes

Table 1 Fit indices of the latent class analysis models of 16 pain sites

Log-likelihood

% reduction in LL

from a previous model BIC

LMR

p value

% of significant*

bivariate residuals

1 cluster −98 807 – 197 764 – 100

2 clusters −85 254 14 170 819 <0.001 97.5

3 clusters −81 974 4 164 419 <0.001 64.2

4 clusters −79 633 3 159 898 <0.001 54.8

5 clusters −78 181 2 157 155 <0.001 45.8

6 clusters −77 499 1 155 950 <0.001 40

7 clusters −76 978 1 155 068 <0.001 40

*Values greater than 1.96 indicate significance.
BIC, Bayesian Information Criterion; LL, Log-likelihood; LMR, Lo, Mendell and Rubin adjusted likelihood test.
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it difficult to compare the studies and likely accounts for
the differing results. Our results contrast with those
from an LCA of 10 pain sites in a population of 18–
79 year olds which found seven distinct pain classes.10

One reason for this discrepancy could be that pain sites
were reported in the past 7 days rather than in the past
4 weeks in our study. Another explanation could be age:
the mean age was >50 years for only three of the seven
pain classes in the previous study (regional lower muscu-
loskeletal pain, widespread musculoskeletal pain and
widespread whole body pain).10 Their findings support
our results that pain sites may form fewer clusters in
older people compared with younger adults, and that
location of pain sites may become less important with
age than number of pain sites.
This study has several strengths. It was a large popula-

tion study of community-dwelling older adults, 36% of
whom were aged ≥70 and 12% of whom were aged
≥80 years. In a previous study of clustering of pain sites,
65–79 year olds represented only 14% of the study popu-
lation and those aged ≥80 were not included.10 Our
study included a larger range of pain sites (0–16) than
the previous study (0–10), which allowed a more precise
estimate of the extent of pain experienced by our popu-
lation. Pain manikins are widely used in population
studies of pain, but can be subject to missing data;
however, we have reported previously that the small
number of participants who reported pain but did not
shade pain on the manikin is unlikely to have influ-
enced the results significantly.3 There was a high
response to our study, and less than 6% missing data on
all measures used in the analysis. The health factors
measured in this study are recognised markers of poor
health and therefore allow for comparisons with other
studies; indeed, our results support the findings from
previous studies of populations including older people
which have shown that the wider the extent of pain, the
worse the reported sleep quality, general psychological
health, cognitive decline and cognitive complaint.7 9 38 39

We measured several potential confounders of the rela-
tionship between pain clusters and health factors,
including morbidities such as diabetes, since they are
common in those with multisite pain,40 and of older
age. Although morbidities were self-reported, the agree-
ment between self-reported and medical record data
has been shown to be good for diabetes, hypertension
and some specific heart problems.41–43 Unlike trad-
itional clustering approaches (eg, cluster analysis), LCA
groups participants together based on probabilistic mod-
elling using finite mixture distributions; this yields a
better set of statistical criteria for examining model fit
and has been proven to have lower misclassification
rates.44 45

There are some limitations in this study. Respondents
to the questionnaire were more likely to be female and
older than non-respondents. Although this could affect
the prevalence of pain, it is unlikely that the main asso-
ciations between pain clusters and health factors would
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be affected; indeed, the effect may be offset by those
with complete pain data being more likely to be male
and younger. The current study was conducted in a
more deprived area in terms of health, employment and
education, but less deprived in housing and services,
than in England overall,13 which may limit the

generalisability of the findings. The data in this study
were cross-sectional, and therefore we cannot specify the
direction of the associations. We did not assess physical
health outcomes which have been shown to be asso-
ciated with the extent of pain in older people previ-
ously.1 2 46 47 A previous LCA of pain sites in 18–79-year

Table 3 Description of pain clusters according to age group, sex, BMI, morbidities and health factors

Pain cluster (n=12 408)

p Value

Cluster 1*

(n=4537)

Cluster 2†

(n=3904)

Cluster 3‡

(n=2219)

Cluster 4§

(n=1748)

Age group n(%)

50–64 2162 (47.7) 1811 (46.4) 1100 (49.6) 903 (51.7) <0.001

65+ 2375 (52.3) 2093 (53.6) 1119 (50.4) 845 (48.3)

Sex n(%)

Male 2137 (47.1) 1741 (44.6) 998 (45.0) 622 (35.6) <0.001

Female 2400 (52.9) 2163 (55.4) 1221 (55.0) 1126 (64.4)

BMI

Mean (±SD) 25.85 (4.14) 26.77 (4.68) 26.59 (4.46) 27.86 (5.70) <0.001

Morbidities n(%)

Chest problems 647 (14.3) 867 (22.2) 466 (21.0) 608 (34.8) <0.001

Heart problems 644 (14.2) 698 (17.9) 414 (18.7) 463 (26.5) <0.001

Deafness 651 (14.3) 781 (20.0) 442 (19.9) 403 (23.1) <0.001

Eyesight problems 799 (17.6) 840 (21.5) 500 (22.5) 520 (29.7) <0.001

Raised blood pressure 1385 (30.5) 1352 (34.6) 729 (32.9) 714 (40.8) <0.001

Diabetes 371 (8.2) 321 (8.2) 171 (7.7) 198 (11.3) <0.001

Anxiety

Mean (±SD) 5.38 (3.75) 6.99 (4.05) 7.27 (4.19) 9.29 (4.47) <0.001

Depression

Mean (±SD) 3.59 (3.27) 4.95 (3.56) 5.16 (3.59) 7.30 (3.94) <0.001

Cognitive complaint n(%)

None 2947 (68.1) 1879 (51.0) 1105 (53.2) 467 (28.6) <0.001

Mild 448 (10.4) 430 (11.7) 228 (11.0) 152 (9.3)

Moderate 361 (8.3) 468 (12.7) 246 (11.8) 302 (18.5)

Severe 315 (7.3) 458 (12.4) 252 (12.1) 318 (19.5)

Very severe 256 (5.9) 447 (12.1) 246 (11.8) 393 (24.1)

Sleep

Trouble falling asleep n(%)

Not at all 2223 (50.2) 1433 (37.8) 748 (34.5) 354 (20.6) <0.001

On some nights 1897 (42.9) 1846 (48.6) 1040 (48.0) 823 (47.8)

On most nights 307 (6.9) 517 (13.6) 380 (17.5) 544 (31.6)

Wake several times/night n(%)

Not at all 1164 (26.5) 584 (15.3) 301 (13.9) 126 (7.3) <0.001

On some nights 2366 (53.9) 2021 (53.0) 1097 (50.5) 676 (39.3)

On most nights 859 (19.6) 1208 (31.7) 773 (35.6) 917 (53.3)

Trouble staying asleep n(%)

Not at all 2038 (47.2) 1155 (31.0) 599 (28.2) 252 (14.8) <0.001

On some nights 1796 (41.6) 1831 (49.1) 1002 (47.1) 762 (44.9)

On most nights 483 (11.2) 744 (19.9) 526 (24.7) 684 (40.3)

Wake feeling tired n(%)

Not at all 2442 (55.7) 1274 (33.6) 651 (30.1) 227 (13.2) <0.001

On some nights 1629 (37.2) 1860 (49.1) 1086 (50.2) 797 (46.3)

On most nights 311 (7.1) 654 (17.3) 426 (19.7) 698 (40.5)

Numbers of participants: BMI, n=11 863; anxiety, n=12 100; depression, n=12 117; each of 6 morbidities, n=12 408; cognitive complaint,
n=11 718; trouble falling asleep, n=12 112; wake several times / night, n=12 092; trouble staying asleep, n=11 872; wake feeling tired,
n=12 055.
*Cluster 1 participants had no pain sites or a low count of pain sites.
†Cluster 2 participants had a medium count of pain sites with no back pain.
‡Cluster 3 participants had a medium count of pain sites with back pain.
§Cluster 4 participants had a high count of pain sites.
BMI, body mass index.
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Table 4 Association of pain clusters with clinically relevant health factors: multinomial multivariate logistic regression

models*

Outcome

Total (n=10 538)

RRR 95% CI p Value

Cluster 1†

Reference group 1.00

Cluster 2‡

Anxiety 1.04 1.02 to 1.06 <0.001

Depression 1.02 1.00 to 1.04 0.125

Cognitive complaint

None (reference group) 1.00

Mild 1.30 1.10 to 1.53 0.002

Moderate 1.50 1.26 to 1.78 <0.001

Severe 1.42 1.18 to 1.71 <0.001

Very severe 1.43 1.15 to 1.77 0.001

Trouble falling asleep

Not at all (reference group) 1.00

On some nights 1.07 0.94 to 1.21 0.283

On most nights 1.21 0.96 to 1.53 0.110

Wake several times/night

Not at all (reference group) 1.00

On some nights 1.18 1.01 to 1.38 0.033

On most nights 1.30 1.06 to 1.59 0.012

Trouble staying asleep

Not at all (reference group) 1.00

On some nights 1.19 1.03 to 1.37 0.015

On most nights 1.04 0.82 to 1.31 0.771

Wake feeling tired

Not at all (reference group) 1.00

On some nights 1.66 1.47 to 1.88 <0.001

On most nights 2.28 1.83 to 2.82 <0.001

Cluster 3§

Anxiety 1.04 1.02 to 1.06 0.001

Depression 1.04 1.01 to 1.06 0.004

Cognitive complaint

None (reference group) 1.00

Mild 1.14 0.93 to 1.38 0.201

Moderate 1.26 1.02 to 1.54 0.028

Severe 1.23 1.00 to 1.53 0.051

Very severe 1.12 0.88 to 1.43 0.365

Trouble falling asleep

Not at all (reference group) 1.00

On some nights 1.11 0.96 to 1.28 0.173

On most nights 1.50 1.16 to 1.93 0.002

Wake several times/night

Not at all (reference group) 1.00

On some nights 1.18 0.98 to 1.43 0.075

On most nights 1.31 1.03 to 1.67 0.029

Trouble staying asleep

Not at all (reference group) 1.00

On some nights 1.17 0.99 to 1.39 0.064

On most nights 1.23 0.94 to 1.61 0.135

Wake feeling tired

Not at all (reference group) 1.00

On some nights 1.75 1.52 to 2.02 <0.001

On most nights 2.21 1.74 to 2.82 <0.001

Cluster 4¶

Anxiety 1.04 1.01 to 1.06 0.002

Depression 1.11 1.08 to 1.14 <0.001

Cognitive complaint

Continued
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olds found that pain clusters were strongly associated
with physical functioning,10 suggesting that this relation-
ship is a topic for future investigation in older people.
The blank manikin in this study may capture acute and
chronic pain, which could underestimate the patterns
and associations related specifically to chronic pain.
However, there is evidence that a blank manikin cap-
tures pain of longer duration, more disability and worse
severity than a preshaded manikin,48 consistent with the
characteristics of chronic, rather than acute, pain.
Indeed, the assessment of pain duration and severity at
each pain site is another potential focus for future study
since severity2 and duration49 have been shown to be
linked with extent of pain. Dueñas et al49 identified two
subgroups of people with pain using cluster analysis, one
characterised by pain at ≥1 site and generalised pain of
longer duration (mean age 58 years, SD 13.7), the other
characterised by single site pain either in the back or
the head and of shorter duration (mean age 55, SD
16.3). The first ‘worse pain’ subgroup may have some
characteristics similar to those of Cluster 4 our study,
and would support the hypothesis of longer pain dur-
ation being a feature of Cluster 4. However, it is difficult
to directly compare the results because of differences in
the age range (18 years and over) and fewer number of
pain sites measured (6) in the Dueñas study. Lastly,
there may be unmeasured confounders in this study; for
example, we did not assess pain-relief medication which

may have been a potential confounder in the relation-
ship of pain with sleep, anxiety, depression and cognitive
complaint.
This study provides further argument in favour of

number of pain sites as a more important and useful
classification of pain in people aged ≥50 years than a
traditional regional pain approach based on location
alone.38 The observation that people with back pain
might usefully be classified, for better assessment of
their prognosis and better targeted treatment, into those
with and without pain elsewhere, has been proposed
before50 and is supported by other previous
research.1 2 5 6 47 We have added to this by showing that,
regardless of location, the number of pain sites provides
the strongest clustering dimension and link with other
markers of health. The core message from our study is
that, by ignoring the extent of pain, clinicians and
public health bodies are overlooking a potentially highly
clinically relevant characteristic. We suggest that the
four-cluster classification would be useful in primary
care because, currently, one of the reasons for the lack
of success in treating single site pain complaints in isola-
tion is that the presence of pain at other sites is
ignored.50 A simple classification of individual patients
with pain, based on the four-cluster pattern, could offer
a practical approach to the common problem of older
persons with multisite pain who present in primary
healthcare with single-site pain. The impact of such a

Table 4 Continued

Outcome

Total (n=10 538)

RRR 95% CI p Value

None (reference group) 1.00

Mild 1.52 1.19 to 1.94 0.001

Moderate 2.60 2.09 to 3.24 <0.001

Severe 2.40 1.91 to 3.01 <0.001

Very severe 2.14 1.66 to 2.76 <0.001

Trouble falling asleep

Not at all (reference group) 1.00

On some nights 1.33 1.11 to 1.61 0.003

On most nights 1.93 1.46 to 2.54 <0.001

Wake several times/night

Not at all (reference group) 1.00

On some nights 1.18 0.90 to 1.55 0.238

On most nights 1.61 1.17 to 2.21 0.003

Trouble staying asleep

Not at all (reference group) 1.00

On some nights 1.26 1.00 to 1.58 0.047

On most nights 1.07 0.78 to 1.47 0.656

Wake feeling tired

Not at all (reference group) 1.00

On some nights 2.44 1.99 to 2.99 <0.001

On most nights 4.60 3.50 to 6.05 <0.001

*All data: weighted to the probability of class membership, and adjusted for age, sex, BMI and number of morbidities.
†Cluster 1 participants had no pain sites or a low count of pain sites.
‡Cluster 2 participants had a medium count of pain sites with no back pain.
§Cluster 3 participants had a medium count of pain sites with back pain.
¶Cluster 4 participants had a high count of pain sites.
BMI, body mass index; RRR, relative risk ratio.
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classification in practice would need to be tested in
studies which directly assess the outcome of decision-
making51 based primarily on the number of pain sites. It
may also be useful to investigate the hypothesis that the
four clusters might correspond to the biological distinc-
tion between central and peripheral pain and may
overlap with, but provide more distinctive classifications
than, those based on location alone.
In conclusion, this unique classification of pain sites

indicates that pain forms four clusters in a general popula-
tion aged ≥50 years. Clusters are shaped primarily by
number of pain sites (low, medium and high) but also by
location (presence or absence of back pain) within the
medium cluster. The number of clusters is lower than
identified in previous research which means that these
four clusters have potential for further investigation as a
practical basis for improved clinical assessment and treat-
ment of multisite pain in older primary care patients. This
study provides strong evidence in favour of developing and
testing simple classifications of pain in older people in
general practice based primarily on the number of pain
sites rather than a system driven by location alone.
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