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Abstract

Background: Multimorbidity is a highly prevalent health problem, which may reduce adherence, produce conflicts
in treatment, and is not yet supported by evidence-based clinical recommendations. Many older people suffer from
more than one chronic disease as well as from chronic pain. There is some evidence that disease management can
become more complex if multimorbid patients suffer from chronic pain. In order to better consider the patients’
comorbidity spectrum in clinical pain treatment recommendations, evidence is needed regarding which disease
combinations are frequently related with the presence of chronic pain. Therefore, our aim is to identify diseases
and disease combinations in a multimorbid population, which are associated with the patient-reported presence
of chronic pain.

Methods: Analyses are based on cross-sectional data of the MultiCare Cohort Study, an observational cohort study
based on interviews with 3189 multimorbid patients aged 65+, randomly selected from 158 practices, and their
GPs. The response rate was 46.2 %. Data were collected in GP interviews and comprehensive patient interviews.
Diseases and disease combinations associated with chronic pain were identified by CART (classification and
regression tree) analyses performed separately for both genders. 46 chronic conditions were used as predictor
variables and a dichotomized score from the Graded Chronic Pain Scale was used as outcome variable.

Results: About 60 % of the study participants were female. Women more often reported chronic pain than men.
The most important predictor of a higher pain level in the female population was chronic low back problems,
especially if combined with chronic gastritis, hyperuricemia/gout, cardiac insufficiency, neuropathies or depression.
Regarding the pain level the male population was also divided best by chronic low back problems, especially if
combined with intestinal diverticulosis, neuropathies or chronic ischemic heart disease.

Conclusions: Our analyses are a first step in identifying diseases and disease combinations that are related to
chronic pain. The most important condition seems to be low back problems. Back pain and pain in other body
regions seems to be interrelated with cardiometabolic conditions. In women, psychosocial issues like depression
also seem to be relevant.

Trial registration: ISRCTN89818205.
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Background
Multimorbidity is a highly prevalent health problem.
Depending on definition and operationalization studies
show prevalence rates in the elderly ranging from 55 to
98 % [1]. For the phenomenon of multimorbidity no
uniform definition exists [2, 3]. We defined multimorbid-
ity as the coexistence of at least three chronic diseases [4].
There are two different approaches to operationalize mul-
timorbidity. The first approach is based on the assumption
that not the effects of the individual diseases but rather
their combined impact are relevant for the patient [5, 6].
However, in multimorbidity research a generalization of
multimorbidity (e.g., though using a disease count) will
probably underestimate the influence of multimorbidity,
because chronic diseases are very heterogeneous regarding
their effects and a generalized measure probably evens out
the impact of the single diseases. For this reason we regard
the second approach to multimorbidity as more promis-
ing. This approach assumes that health outcomes in
multimorbid patients are mainly influenced by the patho-
physiology of the single diseases [7], but that there may be
additional effects of disease interactions. We therefore
operationalized multimorbidity through diseases and dis-
ease combinations and evaluated their individual effect on
the patient.
Multimorbidity is associated with many adverse patient-

related health outcomes like decline of functional status,
lower quality of life, higher mortality, increased health
care utilization and therefore rising costs of care [1, 8]. A
large number of multimorbid patients suffer from pain-
related morbidity like chronic back problems, osteoarthritis,
migraine or chronic gastritis [9]. However, the question of
how and to what extent multimorbidity is interrelated with
chronic pain has rarely been examined. Chronic pain can
be the result of a multitude of different health problems.
The International Association for the Study of Pain defines
chronic pain as pain which persists beyond normal tissue
healing time. According to a systematic review by Wolff et
al. [10] about 17 % of the German population suffer from
chronic pain. Many older people suffer from multimorbid-
ity as well as from chronic pain [11] and about one third of
elderly patients with multimorbidity take analgesics regu-
larly or as needed [12].
Care for patients with multimorbidity is a challenging

task for the GP because of three reasons: Firstly, multi-
morbidity may produce conflicts in treatment decisions,
because indications and contra-indications for a specific
treatment are often found in the same person. Secondly,
multimorbidity is not yet supported by evidence-based
clinical recommendations. Thirdly, due to its complexity,
multimorbidity may reduce patients’ adherence to treat-
ment plans [13]. The influence of chronic pain on the
treatment of multimorbidity is not well understood, yet.
However, there is some evidence that disease management

can become more complex if multimorbid patients suffer
from chronic pain, because dosing and adverse effect
profiles of pain medication can be affected by other dis-
eases present in the same person [14]. At the same time
chronic pain can cause difficulties in performing essential
self-mananagement activities of diseases like diabetes
mellitus [11]. In order to better consider the patients’
comorbidity spectrum in clinical pain treatment recom-
mendations, evidence is needed regarding which disease
combinations are frequently related with the presence of
chronic pain. The aim of this study therefore is to identify
diseases and disease combinations in multimorbid patients
which are associated with the patient-reported presence of
chronic pain.

Methods
Study design and sample
The analyses are based on baseline data from the Multi-
Care Cohort Study (Trial registration ISRCTN89818205).
The methods of this study have been described in
detail in the published study protocol [4]. In short, it
is designed as a multicenter, prospective, observa-
tional cohort study of multimorbid patients from gen-
eral practice. The patients were recruited from 158
general practitioner (GP) practices in 8 major cities
distributed across Germany (Bonn, Düsseldorf, Frankfurt/
Main, Hamburg, Jena, Leipzig, Mannheim and Munich).
In each practice we created a list of all patients from
this practice who were born between 1.7.1923 and
30.6.1943 (i.e., between 65 and 85 years old) and con-
sulted the GP at least once within the last completed
quarter (i.e., 3 month period). Per practice, we ran-
domly selected 50 patients with multimorbidity from
this list and contacted them for written informed
consent. Multimorbidity was defined as coexistence of
at least three chronic conditions out of a list of 29
diseases.
Patients were excluded from the study if they were no

regular patients of the participating practice (i.e., in case
of accidental consultation of the GP), if they were unable
to participate in interviews (especially blindness and
deafness) or if they were not able to speak and read Ger-
man. Further exclusion criteria were residence in a nurs-
ing home, severe illness probably lethal within three
months according to the GP, insufficient ability to con-
sent (especially dementia) and participation in other
studies at the present time.
We randomly selected 24,862 patients from the study

practices and checked them for multimorbidity and exclu-
sion criteria. 13,935 of these patients were not multimor-
bid according to our definition or suffered from dementia.
3755 patients were excluded because of the other exclu-
sion criteria described above. The remaining 7172 patients
were eligible for study participation and contacted for
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informed consent to participation in our study. 3317 pa-
tients agreed to participate which corresponds to a total
response rate of 46.2 %. Retrospectively we had to exclude
128 patients, because they died before the baseline inter-
view or we found out in contact with the patients that
they complied with the exclusion criteria without the GP’s
knowledge. After all, 3189 patients could be included in
the study [15]. Recruitment and data collection took place
from July 2008 to October 2009.

Measures
We used the patients’ morbidity data from standardized
GP interviews at baseline based on a list of 46 groups of
chronic conditions. This list was designed to cover the
most prevalent chronic conditions from both primary
care and ambulatory insurance claims data. The methods
for compiling the list of 46 diagnosis groups have been
described elsewhere in detail [16]. In short, we used the
most frequent conditions in GP surgeries as mentioned in
a panel survey of the Central Research Institute of Statu-
tory Ambulatory Health Care in Germany (“ADT-Panel”)
[17]. Chronicity of diagnoses was assessed using the scien-
tific expert report for the formation of a morbidity orien-
tated risk adjustment scheme in the German Statutory
Health Insurance [18]. In order to capture a comprehen-
sive picture of the disease patterns in individual patients
we amended this list for all chronic conditions with a
prevalence ≥ 1 % in the age group ≥ 65 years in the data
set of the Germany statutory health insurance company
Gmünder ErsatzKasse in 2006.
We also included the patients’ age and gender from

GP charts. Chronic pain was operationalized as self-
reported pain intensity (in matters of worst pain, on
average and at the present time) and pain-related
disability (i.e., pain interfering with recreational, social
and family activities and the ability to work) persisting
over the last six months and assessed in comprehensive
patient interviews using the Graded Chronic Pain Scale
(GCPS) [19]. For the analyses presented here the GCPS
summary score was grouped into two categories: 1)
“without chronic pain” consisting of the GCPS categories
“pain free” and “low disability-low intensity” and 2) “with
chronic pain” consisting of the GCPS categories “low
disability-high intensity”, “high disability-moderately limit-
ing” and “high disability-severely limiting”. We decided to
include patients with low pain intensity/low disability into
the group “without chronic pain”, because otherwise 85 %
of the female patients would have been classified as “with
chronic pain”. The patient interviews also included a
number of other measuring instruments [4], which were
not used for this paper.
Missing values in the dataset arising from item non-

response have been imputed by Hot Deck Imputation in
order to avoid bias generated by listwise deletion of

subjects with missing values from statistical analyses
[15]. Related to the analyses presented here 3134 patients
(98.3 %) had complete data sets without any missing
values. Age, gender and the 46 chronic conditions did not
contain any missing values, but we imputed missing
values in the summary score of the Graded Chronic Pain
Scale (1.7 % missing values). Imputation was performed
with R 2.13.0 and the R-package StatMatch 1.0.2.

Analyses
Descriptive data were presented separately for both gen-
ders as means and standard deviations in case of continu-
ous variables and as percentages in case of categorical
variables. We excluded missing values from our descrip-
tive analyses and reported the number of available data
sets. Statistical significance of differences between genders
was assessed by t-tests and X2-tests.
We used CART (classification and regression tree)

analyses to identify diseases and diseases combinations
bearing a higher proportion of patients with chronic
pain than in the total study population. This method
splits the data set recursively into two subsets based on
the predictor variable (here: the chronic disease) which
has the largest effect on the outcome variable (here: the
proportion of patients with chronic pain). This process
is repeated for each subset as long as the criteria for
splitting are true. The 46 chronic conditions from our
list were used as predictor variables and the dichoto-
mized GCPS score was used as outcome variable. Split-
ting eligibility of predictor variables were determined by
X2-tests. Bonferoni-adjustment for multiple testing was
applied. A minimum sample size of 100 cases was defined
for father branches and 50 cases for child branches.
Stability of the branches was assured by 10-fold cross-
validation. We performed our CART analyses for both
genders separately, because there are big differences
between males and females in the prevalence rates of pain
symptoms and chronic conditions and we, therefore,
wanted to allow for a possibly different association
structure.
For all analyses an alpha-level of 5 % (i.e., p ≤ 0.05) was

defined as statistically significant. Descriptive statistics,
t-tests and X2-tests were conducted using Stata 12.1.
CART analyses were performed using SPSS 20.0.0.

Results
About 60 % of the 3189 multimorbid study participants
were female (cf. Table 1). Females had a slightly higher
age than males. There was a much higher percentage of
people with high pain intensity and high pain-related
disability among women than among men. In contrast
the proportion of pain free individuals was nearly twice
as high among males than among females. The mean
number of chronic conditions per patient (from our list
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of 46 entities) approximately was the same between both
genders, but women significantly more often suffered
from chronic low back problems, joint arthrosis and
depression while men were more likely to be affected
from chronic ischemic heart disease, hyperuricemia/
gout, neuropathies and cardiac insufficiency.
The association between disease combinations and

pain is shown in Fig. 1 for women and Fig. 2 for men.
According to our definition 44.5 % of the female popula-
tion suffered from chronic pain. The most important
chronic condition in the female population regarding the
pain level was chronic low back problems, which led to
higher proportion of chronic pain (49.2 %), especially if
it was combined with chronic gastritis/gastroesophageal
reflux disease (62.8 %), hyperuricemia/gout (60.0 %),
cardiac insufficiency (58.1 %), neuropathies (54.7 %) or
depression (49.0 %). On the other hand, female patients
were less likely to suffer from pain if they were not
affected by chronic low back problems (38.8 %) and also
not by depression (36.6 %), intestinal diverticulosis

(35.1 %) and cardiac insufficiency (33.7 %). The propor-
tion of cases incorrectly classified in women was 40.0 %.
Among male patients only 28.7 % suffered from pain.

Related to chronic pain the male population was also
divided best by chronic low back problems, which was
associated with a higher likelihood of pain (37.6 %),
especially if combined with intestinal diverticulosis
(48.8 %), neuropathies (46.4 %) or chronic ischemic heart
disease (38.4 %). Among male patients without chronic
low back problems, the proportion of individuals with
pain was lower (22.5 %), especially if they also did not
suffer from joint arthrosis (19.3 %) and neuropathies
(17.3 %). Compared to the general (multimorbid) male
population men without back problems, but with joint
arthrosis also had an increased probability of pain (31.1 %),
especially if they had the additional diagnosis of chronic
ischemic heart disease (40.2 %). The proportion of cases
incorrectly classified in men was 28.7 %.

Discussion
Main results
In this cross sectional analysis of the MultiCare Cohort
Study chronic low back problems emerged as the most
important chronic condition dividing our population of
multimorbid primary care patients in chronic pain
sufferers and non-chronic pain sufferers. In our data set
79 % of back problem diagnoses in females and 83 % in
males were spondylosis, intervertebral disc disorders,
spinal osteochondrosis or other degenerative back prob-
lems. Although back problems seem to be the condition
with the strongest association with chronic pain, more
than 50 % of women and more than 60 % of men with
the diagnosis of chronic low back problems do not
report chronic pain symptoms. For these reasons the
diagnosis group “chronic low back problems” seems to
incorporate mostly organic complaints which are or are
not related to chronic pain.
In both, women and men, chronic low back problems

are located in the top of a CART-tree of comorbid disease
clusters and both trees include neuropathies and intestinal
diverticulosis, however, the other elements of these clusters
differ between genders. While the role of depression, car-
diac insufficiency, hyperuricemia/gout and chronic gastri-
tis/GERD (gastroesophageal reflux disease) is stressed in
the female population, chronic pain in the male population
more depended on chronic ischemic heart disease and joint
arthrosis. Except for depression, which seems to be a larger
problem in females than in males [20], there are no obvious
explanations for these gender differences.
With regard to the pain clusters identified in both

genders there is little agreement with our earlier ana-
lyses of disease-based multimorbidity clusters, which
divided the disease spectrum in multimorbid patients
into cardiovascular/metabolic, psychiatric/pain-related

Table 1 Age, pain level and selected chronic conditions by
gender

Females
n = 1891 (59.3 %)

Males
n = 1298 (40.7 %)

p

Age: mean ± sd 74.7 ± 5.3 years 74.0 ± 5.1 years < 0.001

Graded Chronic Pain
Scale: summary score

< 0.001

Pain free 15.3 % 29.6 %

Low disability -
low intensity

40.4 % 41.8 %

Low disability -
high intensity

21.6 % 13.2 %

High disability -
moderately limiting

12.4 % 9.4 %

High disability -
severely limiting

10.4 %
(n = 1860)

6.0 %
(n = 1274)

Number of chronic
conditiona: mean ± sd

7.0 ± 2.4 7.1 ± 2.5 0.068

Prevalence of chronic
conditions

Chronic low back pain 55.2 % 41.1 % < 0.001

Joint arthrosis 48.9 % 35.3 % < 0.001

Chronic ischemic
heart disease

22.2 % 44.7 % < 0.001

Depression 22.6 % 10.6 % < 0.001

Hyperuricemia/Gout 12.9 % 23.7 % < 0.001

Neuropathies 13.0 % 17.3 % 0.001

Intestinal diverticulosis 15.5 % 13.0 % 0.051

Cardiac insufficiency 11.8 % 15.0 % 0.009

Chronic gastritis/
Gastroesophageal reflux

13.6 % 11.9 % 0.153

sd standard deviation; a out of a list of 46 chronic conditions
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and neuropsychiatric disorders [9]. Chronic pain is
related to chronic low back problems, joint arthrosis,
depression, intestinal diverticulosis and chronic gastritis/
GERD from the psychiatric/pain-related cluster, but also
with chronic ischemic heart disease, cardiac insufficiency,
hyperuricemia/gout and neuropathies from the cardiovas-
cular/metabolic cluster. It therefore seems to be largely
independent from disease-based clustering mechanisms in
the multimorbid population.

Limitations
On the one hand, the misclassification rate was compar-
ably high, especially in women. The reason for this finding
is that our diseases have a low specificity in predicting
chronic pain as chronic pain can have a huge variety of

reasons and only the most prevalent are covered in our
analyses. On the other hand there is a large spread
between the disease combinations with the highest and
the lowest proportion of chronic pain, which is 33.7 to
62.8 % in females and 17.3 to 48.8 % in males. Our CART
trees therefore are not suitable for predicting chronic pain,
but they are a first step in identifying disease combina-
tions that are related to chronic pain for a high proportion
of patients.
In terms of generalizability of the results, it should be

considered that the MultiCare Cohort Study only includes
elderly multimorbid patients from general practice. How-
ever, this group comprises 44 % of the patients in this age
group [15]. We were able to obtain a participation rate of
46 %. Although this rate is similar to other studies with a

Fig. 1 The association between disease combinations and pain in women. GERD: Gastroesophageal reflux
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comparable design [21], we cannot rule out a selec-
tion bias due to non-response. A non-responder ana-
lysis revealed that younger patients and patients with
intestinal diverticulosis or psoriasis had a better chance of
study participation. However, there was no selection bias
due to gender and the other 27 diseases used for patient
inclusion [15].
The generalizability of the MultiCare Cohort Study

could also be affected by our criteria for exclusion at
baseline. We excluded patients with dementia because of
their inability to consent as well as patients residing in a
nursing home. Our recruitment only took place in larger
German cities, so that rural areas were not included in
our study. Nevertheless, our study is representative of an
older, urban, multimorbid cohort in primary care [15].
Like other observational studies chronic pain was ob-
tained by self-report. Prevalences of chronic pain surveys
vary according to the individual self-observation and
reception of bodily complaints. As chronic diseases were
assessed by GP interviews we do not have problems with
common method variance in our results.
A strength of our study relates to a high data quality

that results from the fact that interviewers were regularly
trained and monitored and a multitude of procedures for
prevention of insufficient data quality, detection of in-
accurate or incomplete data and actions to improve data
quality were performed, e.g., user reliability trainings,
automatic plausibility and integrity checks and data error
reports to the collaborating centres.
There are also some limitations that result from the

CART method. Although we conducted separate analyses

for both genders, we could not adjust for other possibly
confounding factors. For this reason our results might be
confounded by variables like age or socio-economic status
if they are associated with the prevalence of specific
chronic conditions and also have an influence on the
prevalence of chronic pain. Furthermore CART-analyses
divide the data set by the best separating variables until
the subsets are too small to continue (in terms of sample
size and statistical significance of differences between
child branches). As the sample size rapidly decreases with
each split we might have missed some diseases or disease
combinations associated with a higher prevalence of
chronic pain.

Comparison with literature
As reported in the literature, chronification of low back
pain is associated with decreased subjective general health,
decreased socioeconomic status, stress and psychosocial
co-symptoms as indicated below [22]. In a prospective
study Meyer et al. reported that depression is not either a
risk factor or a consequence of disabling low back pain in
community-dwelling elderly but that depressive symptoms
are intermingled with the course of disabling low back
pain in this group [23]. Meyer et al. could also demon-
strate that an amplification model on chronic back pain,
including amplification to psychological distress, is related
to outcome of medical rehabilitation [24].
As suggested above, low back problems have an im-

portant role in patients with multimorbidity. Low back
pain is one of the most frequent consultation reasons in
primary care [25, 26]. Both, low back problems as well as

Fig. 2 The association between disease combinations and pain in men
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multimorbidity are burdensome with regard to medical as
well as financial aspects. Low back problems themselves are
interrelated with a large variety of comorbidities [27]. In
their retrospective analysis of measures of comorbidities in
low back problems, Ritzwoller et al. [28] identified physical
and mental health co-morbidities and measures of analgesic
use to be associated with chronicity, healthcare utilization
and costs. In their study, the prevalence of comorbidities
varied with number of low back pain episodes. Diabetes,
rheumatoid arthritis, anxiety, psychotic illness, depression,
use of opiates and NSAIDs were associated with significant
incremental increases in costs.
Also, in chronification of pain derived from other body

regions psychosocial factors are suggested to have a higher
impact than biomedical (i.e., “somatic”) issues. Therefore,
anxiety and depression as well as somatoform disorders
and dysfunctional coping strategies have previously been
described as the main drivers of pain chronification [29]. In
line with Beyer and Steinberger and also the above men-
tioned study of Meyer, depression played an important role
in terms of association with chronic pain in our female pa-
tients. However, since psychosocial and emotional problems
are suggested to influence both, chronification of low back
pain as well as chronification of pain in general, these might
be an important issue to be kept in mind by GPs and other
professionals dealing with multimorbidity.

Conclusions
Our explorative analyses are a first step in identifying
diseases and disease combinations that are related to
chronic pain for a high proportion of patients. The most
important condition in multimorbid primary care patients
suffering from chronic pain seems to be chronic low back
problems. In both genders, chronic low back pain as well
as chronic pain in other body regions seem to be strongly
interrelated with cardiometabolic conditions. In women,
psychosocial issues like depression also seem to be rele-
vant. However, more research is needed to better under-
stand the patient perspective regarding pain symptoms
associated with multiple chronic conditions.
Our results have a number of implications. In medical

education, information about the relationship between
chronic pain problems and comorbidity should be given.
And in health care for patients with multimorbidity,
possible pain symptoms resulting from chronic low back
problems should be discussed when prioritizing diseases.
Furthermore, interactions of back pain with cardiometa-
bolic and psychiatric disorders should be assessed in order
to prevent chronification of pain, if possible.

Abbreviations
CART, classification and regression tree; GCPS, Graded Chronic Pain Scale;
GERD, gastroesophageal reflux disease; GP, general practitioner.
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