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Abstract
Background: Patients in geriatric care display a high degree of multimorbidity. We aimed to explore and
visualise various patterns of multimorbidity in a person-oriented way. We used a register-based closed
cohort (n=8104) of patients admitted to geriatric care in Region Stockholm, Sweden, from the year 2016.

Methods: Patients were grouped by their degree of multimorbidity according to the Johns Hopkins
Adjusted Clinical Groups® system. Exploration was made using the Expanded Diagnosis Groups,
embedded in the system. Statistical analysis was conducted in “R” and results were visualised in Excel.

Results: For half of all patients in the cohort, there were at least twelve diagnoses and at least thirteen
active ingredients per patient. The quartile of patients with the highest level of multimorbidity were
younger than the quartile of those with the lowest level. Patients with combinations of clusters of
diagnoses showed various degrees of multimorbidity. Clusters of diagnoses with administrative character
and cardiovascular diseases were present among nearly 80% each of all patients, followed by clusters of
neurologic and musculoskeletal disorders with about 70% each. Comparisons between patients’ main
diagnosis and all their diagnoses showed a shift to more of musculoskeletal disorders and less of
cardiologic clusters when using main diagnoses. The morbidity status of patients measured by registered
diagnoses was completed by including data on drugs, and revealed depression, persistent asthma and
disorders of lipid metabolism.

Conclusions: Grouping patients by their degree of multimorbidity, based on all their registered concurrent
diagnoses and drugs, could illustrate various patterns of mixed multimorbidity, which in turn might lead
to a better understanding of the essence of multimorbidity from a patient’s perspective. 

Background

Multimorbidity
The phenomenon of multimorbidity has gathered more and more attention during the last three decades.
In the beginning, the focus was on chronic diseases and the combination of those.1 With a shift to put the
patient more in focus, multimorbidity has later been described as the presence of multiple diseases in one
individual.2 Still, the exploration of multimorbidity has focused more on diseases, than on patients with
diseases.

A systematic review of the literature addressing prevalence, determinants, and patterns of multimorbidity,
showed prevalence ranging from 12.9–95.1%.3 Other studies have observed associations between age,
lower socioeconomic status and multimorbidity4,5. The increased prevalence of multimorbidity among
older people has been con�rmed in many other studies, exploring the roles of ageing, functional decline
and frailty, for an increased understanding of the clinical complexity6–8.
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Most current methods to explore the phenomenon of multimorbidity aim at �nding associations between
diseases and trying to cluster them based on the frequency of combinations of diseases. Various
statistical analyses have been used, mostly based on exploratory factor analysis, resulting in groups with
various clusters of diagnoses9–13. This strategy has resulted in many types of clusters, making the full
spectrum of multimorbidity di�cult to illustrate14.

In the last decade, the interest of multimorbidity has increased worldwide, and several international
networks have emerged. One is based in Canada, ‘CIRMo/IRCMo’, trying to keep track on all publications
in this area15. The efforts have been broadened from just the understanding and de�nition of the concept
to how to tackle the consequences of the phenomenon in the �elds of diagnosis, care, rehabilitation and
prevention, and how to work out guidelines within this �eld16.

During the last three decades there have been some interesting shifts, in terms of the de�nition of
multimorbidity as well as in terms of the methods used to explore the phenomenon. Still, the most
common de�nition, is that multimorbidity means two or more co-existing diseases in the same person15.
The epithet ‘chronic disease’ has sometimes been changed to ‘Long Term Condition’ and discussed
further17. The earlier focus on the combination and clustering of diagnoses has been complemented by a
more patient-centred approach, and the trajectory of the multimorbid situation has become of greater
interest18.

Furthermore, taking account of the treatment burden19 and the patient’s own experience of the care
process,20 other consequences will be of interest and will give a wider view of the awareness of
multimorbidity and how to handle it. Patient-centred care is becoming more and more highlighted and
concepts and models such as the Chronic Care Model21 and Minimally Disruptive Medicine22 have been
developed.

Patients in geriatric care
Patients in geriatric care tend to display a high degree of multimorbidity4,5. In Sweden geriatric medicine
has been a recognised speciality for 50 years. Specialised geriatric inpatient care is offered to all
individuals with acute or chronic conditions relating to higher age. Some research regarding patients in
geriatric care has focused on the overlap of multimorbidity, frailty and functional impairment6,8. A
Swedish study of a cohort of older people showed how the trajectories of the patients in various clusters
changed over a 12-year period18.

This study is part of a larger project with the aim to analyse reasons and drivers for readmission after
discharge from geriatric care23,24. Due to the prevalence of multimorbidity in elderly populations, the
phenomenon of multimorbidity needs to be explored and analysed more rigorously, contributing to a
profound ground for analyses of reasons for readmission.

Aim
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The aim of this study was to explore and visualise patterns of multimorbidity among patients in geriatric
care from a patient’s perspective.

Methods
Patients admitted to any of three geriatric departments in Region Stockholm during the year 2016 have
been followed up during that year and up to six months after their last discharge. 

Data collected and data sources

Data was collected from two sources. Firstly, the electronic health records system, “TakeCare”, at the
geriatric departments, and secondly, the healthcare data warehouse at Region Stockholm, “VAL”, with data
on health care utilisation from all publicly �nanced health care providers within the region, including
primary, secondary and tertiary care.  Diagnoses, according to the Swedish version of the WHO
International statistical Classi�cation on Diseases and related health problems, the tenth version (ICD-10-
SE), were collected at the four-digit level from both sources. Data on drugs was collected at the seven-
digit level according to the WHO international Anatomic Therapeutic Chemical classi�cation system
(ATC). 

The Adjusted Clinical Groups® (ACG®) 

Drawing on a person-oriented perspective of multimorbidity, we have used a grouping instrument where
the subject of the grouping is the patient; the ACG case-mix system25. Its origin stems from the
awareness that diseases tend to cluster in some patients26. The ACG system takes on a person-centred
approach by capturing each individual’s concurrent registrations of diagnoses. The system is grouping
every individual into one out of about 100 mutually exclusive patient categories depending on each
patient’s combined simultaneous diseases, sometimes split into more groups depending on the age
and/or sex of the patient. The combination of diseases follows an algorithm taking account of what type
of morbidity is involved; altogether 32 different morbidity types. The ACG system has been evaluated for
use in primary care in Sweden27,28. Today ACG is used by most regions in Sweden, as one component,
together with others, in the allocation of resources to health care centres in primary care.

All data on the patients’ age, sex, diagnoses and drugs were grouped and analysed by the ACG system,
latest version 12.129. The outcome of the grouping procedure can be monitored and analysed in detail. In
this study the following outcome measures have been used:

A) Number of diagnoses per patient. Unique to each patient, no doubles.

B) Number of active ingredients per patient. Unique to each patient, only medications with different active
substance are counted.
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C) Diagnosis cluster a�liation, “Expanded Diagnosis Cluster” (EDC), also merged into major groups,
(MEDC). Each diagnosis is classi�ed as belonging to a cluster of similar diagnoses, in total 286 EDCs,
grouped into 27 MEDCs.

D) Drug group a�liation, (Rx-MG), merged into major groups, (Major Rx-MG). In total 84 Rx-MGs, are
collapsed into 20 Major Rx-MGs.

E) Condition marker, a marker of any of 21 speci�ed conditions if the patient’s condition was registered
by a diagnosis (“ICD”), by a drug (“Rx”) or by both (“BTH”)

The origin and rational for clustering diagnoses into Expanded Diagnosis Clusters is shown in
Supplement A, where a complete list of all 286 EDCs is given with full descriptions (Additional File 1).

Statistics and Visualisation

Besides the descriptive and analysis tools embedded in the ACG system, we have used the software
Excel. Cross tabulations were conducted using R Software for Windows version 4.0.530. 

Ethical aspect

The study was approved by the Regional Ethical Review Board in Stockholm (Dnr: 2013/1620-31/2; Dnr
2018/247-32; Dnr 2018/915-32).

Results

Study population characteristics
The study population consisted of 8104 patients. The age and sex distributions are displayed as quartiles
based on age, in Table 1. As seen, women were older than men in all quartiles.

 
Table 1

Distribution of age and sex by quartiles based on age.

  Female Male All

Quartile (n) Age (n Age (n) Age

Q1 (1347) 48–79 (758) 53–76 (2156) 48–78

Q2 (1239) 80–85 (865) 77–83 (1956) 79–84

Q3 (1257) 86–90 (677) 84–88 (1899) 85–89

Q4 (1230) 91–107 (727) 89–102 (2090) 90–107
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Diagnoses and Drugs
The proportion of patients having ten or more diagnoses per patient was 65.5%, measured by all
diagnoses registered during the study period. The proportion of patients having ten or more unique drugs
was 72%, measured by all drugs prescribed and dispensed at discharge and up to six months thereafter,
including drugs for both regular and temporary use. The distribution in quartiles is shown in Table 2.
About 2/3 of all patients had between 7 and 17 drugs per patient.

 
Table 2

Distribution of diagnoses and drugs in quartiles.

    Diagnoses Drugs  

  Quartile (n) No. of diag. (n) No. of drugs  

  Q1 (2215) 1–8 (2268) 0–9  

  Q2 (1632) 9–11 (1781) 10–12  

  Q3 (2262) 12–17 (1950) 13–16  

  Q4 (1995) 18–66 (2105) 17–49  

Patterns of Expanded Diagnosis Clusters
The clusters of diagnoses in terms of EDC and MEDC, were used to illustrate the pattern of multimorbidity
from a clinical perspective, as shown in Table 3. The top �ve MEDCs were “Administrative” (present in
79.3% of all patients), “Cardiovascular” (78.6%), “Neurologic” (68.5%), “Musculoskeletal” (68.4%) and
“Respiratory” (41.7%). Within each of these MEDCs the numbers of the three most frequent EDCs are
listed. The overall �ve most frequent EDCs were “Administrative concerns and non-speci�c laboratory
abnormalities”, present in 69.4% of all patients, “Hypertension, w/o major complications” (52.3%),
“Musculoskeletal signs and symptoms” (44.3%), “Cardiac arrhythmia” (39.4%) and “Neurologic signs and
symptoms” (39.4%). Within the group of “Administrative” most diagnoses originated from the Z-chapter
in ICD-10, and among them a very common registration was prescribed anticoagulants.
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Table 3
Top-5 Major Expanded Diagnosis Groups (MEDC) and Top-3

Expanded Diagnosis Groups (EDC) in each MEDC for all patients (n 
= 8104).

MEDC Description %

ADM Administrative 79.3

  Adm concerns and non-spec lab abnormalities 69.4

  Preventive care 19.9

  Surgical aftercare 10.5

CAR Cardiovascular 78.7

  Hypertension, w/o major complications 52.3

  Cardiac arrhythmia 39.4

  Congestive heart failure 30.0

MUS Musculoskeletal 68.4

  Musculoskeletal signs and symptoms 44.3

  Musculoskeletal disorders, other 23.5

  Fractures (excluding digits) 17.2

NUR Neurologic 68.4

  Neurologic signs and symptoms 35.2

  Cerebrovascular disease 18.4

  Dementia 17.5

RES Respiratory 41.7

  Emphysema, chronic bronchitis, COPD 15.0

  Acute lower respiratory tract infection 14.6

  Aspiration and bacterial pneumonias 12.7

Morbidity patterns based on both diagnoses and drugs
Embedded in the ACG system there are twentyone markers of speci�ed conditions. Of those, in a Swedish
context, fourteen conditions are able to capture if the patient has this condition, noti�ed either by a
diagnosis, or by a registered drug or by both a diagnosis and a drug. Table 4 shows how the speci�c
markers were distributed among the patients for each of the conditions. Some conditions, like glaucoma,
depression, persistent asthma and disorders of lipid metabolism were rarely registered as a diagnosis,
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while chronic renal failure was identi�ed by a diagnosis in up to 90% of the patients. Diabetes condition
was captured by both a diagnosis and a drug among about 70% of all patients.

 
Table 4

Patients with speci�ed conditions, marked either by a diagnosis, a drug or by
both (n = 8104).

Speci�ed conditions Diagnosis Drug Both Patients

Hypertension 10.2% 31.2% 58.6% 6195

Disorders of lipid metabolism 3.3% 85.1% 11.6% 2514

Depression 9.6% 70.8% 19.6% 2119

Ischemic heart disease 17.8% 40.0% 42.3% 2030

Diabetes 27.3% 2.4% 70.4% 1640

Chronic obstr. pulm. disease 21.5% 22.0% 56.5% 1556

Persistent asthma 3.0% 80.4% 16.6% 1537

Chronic renal failure 91.4% 1.9% 6.7% 1496

Hypothyroidism 2.4% 39.9% 57.6% 1412

Osteoporosis 33.5% 46.7% 19.9% 1344

Glaucoma 8.1% 52.1% 39.8% 923

Seizure disorders 15.3% 51.0% 33.7% 608

Parkinsons disease 8.7% 36.4% 55.0% 404

Rheumatoid arthritis 37.4% 26.6% 36.0% 286

Multimorbidity patterns based on patients’ range of
multimorbidity
The degree of multimorbidity can be measured by the ‘Rescaled Concurrent Risk’ algorithm embedded in
the ACG system, ranking each patient’s risk of need for resources delivered by the health care system,
depending on the combination of diagnoses. Based on this metric, the population was grouped into
quartiles. For each quartile the top thirty EDCs was listed. The order of the EDC for the total population
changed substantially in the various groups. For instance, congestive heart failure, cardiac arrhythmia
and de�ciency anemias were uncommon in the quartile with the lowest risk. On the opposite, the
presence of musculoskeletal disorders was much higher in the lowest risk quartile compared to the
highest risk quartile. Figure 1 illustrates the difference in complexity by top ten EDCs for the quartiles with
the highest risk (Q1) and the lowest risk (Q4).
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The same four quartiles, grouped by the ‘Rescaled Concurrent Risk’ of the patients, have been used to
group the patients’ prescribed and dispensed drugs. The difference between the patterns in those
quartiles were not as great as in terms of Expanded Diagnosis Clusters. (Data not shown.)

Visualisation of morbidity patterns
To explore the patterns of multimorbidity we analysed the quartiles of patients, based on the ranking of
their concurrent risk, in terms of patterns of EDCs. The result of the analysis in each risk quartile,
performed by the R program, is visualised through radar graphs by the Excel program. The matrix from
the analysis of patient risk quartile 1 is shown by Supplement B (Additional File 2). In Fig. 2, the
distribution of the most frequent EDCs in combinations with each other are visualised by their proportion
of numbers of EDC in each patient risk quartile. As seen, musculoskeletal disorders are most evenly
distributed among the quartiles, while problems with de�ciency anemias are less frequent in the lowest
risk groups.

Discussion
The numbers of diagnoses and drugs per patient were extremely high in this cohort of geriatric care
patients, with at least twelve diagnoses and at least thirteen active ingredients per patient in half of the
population. Cardiovascular, psychosomatic and musculoskeletal diseases were most common. However,
our study took on a patient’s perspective in terms of grouping patients with diseases and not the diseases
themselves. Patients were grouped by ranking their concurrent risk of need for health care resources.
Thus, we were not aiming at grouping diseases together into clusters. Instead, we aimed at grouping
patients together depending on their combinations of clusters of diagnoses.

We found that the multimorbidity pattern varied substantially between as well as within each of the four
patient risk categories. The order of the EDCs differed a great deal across the various patient groups. No
speci�c clinical meaningful clusters of diagnosis could be found in either of the four patient groups.

Comparisons with other studies
Most multimorbidity studies so far have used factor analysis as a method to explore correlations
between diagnoses, and quite often just chronic conditions. In a Spanish study using exploratory factor
analysis three, partly overlapping, groups were identi�ed; cardiometabolic, mechanical and
psychogeriatric patterns, which then were strati�ed in age and gender groups.9 In another study from
Spain, multimorbidity patterns were identi�ed by �rst using multiple correspondence analysis followed by
k-means clustering, yielding six distinct patterns: �ve organ speci�c as musculoskeletal, endocrine-
metabolic, digestive/digestive-respiratory, neurological, and cardiovascular patterns, and one pattern not
corresponding to any speci�c organ10. In a study from Germany, factor analysis with a tetrachoric
correlation matrix was used in order to separate random comorbidity from signi�cantly associated
comorbidity, resulting in three, partly overlapping, groups; cardiovascular/metabolic disorders,
anxiety/depression/somatoform disorders and pain and neuropsychiatric disorders. The authors
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concluded that different multimorbidity patterns did in�uence each other and overlap in a large part of
the population.11 In a study from Singapore the researchers conducted both exploratory factor analysis,
and identi�ed patterns of multimorbidity by latent class analysis, reporting eight classes, composed by
chronic conditions and demographics, for example class 2: “Chinese male patients with cardiometabolic
diseases and unspeci�ed chronic ischemic heart disease, and class 3: “Younger Chinese patients with
cardiometabolic diseases and obesity”.12 By exploratory factor analysis an Australian study identi�ed six
clinically meaningful clusters of multimorbid health conditions that did not fall neatly into organ or body
systems, and many conditions appeared in more than one of the clusters. As an example, cluster 3
contained back/neck pain, migraine, other chronic pain, and arthritis.13

Just a few studies have illustrated the multimorbidity patterns graphically. One attempt was made in
Germany showing which diseases were associated with each other in their data set, which multimorbidity
clusters the diseases were assigned to, and which diseases were responsible for overlapping
multimorbidity clusters. The �gure showed that chronic lower back pain had the highest number of
associations and was the most important mediator between diseases. The bridges between the
metabolic syndrome and musculoskeletal disorders were most prominent.14

Our study was con�ned to a cohort of patients in geriatric departments and had a cross-sectional design.
A Swedish study of a cohort of older adults settled in a geographic area identi�ed �ve clinically
meaningful multimorbidity clusters for about half of the cohort and the remaining half of the population
formed an unspeci�c cluster.18 The �ve well-characterised clusters were psychiatric and respiratory
diseases, heart diseases, respiratory and musculoskeletal diseases, cognitive and sensory impairment,
and eye diseases and cancer. All six clusters were tracked throughout their evolution and the authors
traced the clinical trajectories of the about 3 000 individuals over 12 years. One of the �ndings in their
study was the high proportion of migration of participants from one cluster to another. In-depth analysis
of the transitions between multimorbidity clusters over time provided hints on the underlying
mechanisms. In contrast to our study their ambition was to show the trajectories of clinically meaningful
clusters. However, as in our study, a person-centred approach was maintained in their study.18

Quite a few studies have been trying to disentangle the concepts multimorbidity, frailty and ageing, and
sometimes even functional impairment.32 Other studies have focused on the overlap of concepts.33–35 A
Swedish study, recently published, found the yearly prevalence of multimorbidity to be 21.6%, and of
polypharmacy to 24.6%, comprising all the 2.3 million inhabitants in Region Stockholm.36 In contrast to
our study, data on diagnoses was limited to chronic conditions, and the resulting displayed clusters were
disease oriented. In Oklahoma State in the U.S. a study of multimorbidity was performed, where the
patterns of various ethnic groups were displayed and illustrated with locations on and around the shape
of a body.37 Compared to our study with data from about one year’s period, in their study every diagnosis
during the individual’s whole lifetime was used.



Page 11/18

Aiming at providing a nuanced picture of multimorbidity in old age, we used a database where all the
patients’ all diagnoses were registered. By that we were not con�ned to the main diagnoses of the
patients, which is one restriction in our national patient register of today. To show the expected vast
difference in terms of both numbers of diagnoses and groups of diagnoses, we performed a grouping of
the total population, resulting in 1.31 diagnoses per patient if using just main diagnoses, compared to
14.12 diagnoses per patient when considering all registered diagnoses during the period. The diagnostic
pattern shifted to more of musculoskeletal disorders when using main diagnoses, as well as a lower part
of administrative and cardiologic clusters. Hypertension and cardiac infarction diagnoses were then not
even among the 30 most frequent ones. The results are displayed in Supplement C (Additional File 3).

Our study has yielded an insight into the phenomenon of multimorbidity. Another serious attempt to
tackle this phenomenon was a symposium during 2018.33 To our knowledge the latest efforts to
scrutinise and manage the consequences of multimorbidity are reported by The Academy of Medical
Sciences in UK,38 working in close collaboration with the Canadian based international research network
CIRMo/IRCMo mentioned earlier.15

Strengths and Limitations
Our study has explored and illustrated the prevalence and patterning of multimorbidity among geriatric
patients. The time window in this study was between six and eighteen months, depending on the time of
each patient’s discharge from the geriatric department. The multimorbidity measured was based on all
registered diagnoses during the period, not just chronic or long-term diseases. Many other studies have
been using episodes, and thereby focussing more on diseases than patients. In some cases, information
about a disease, not registered as a diagnosis, could be found through the prescription of a drug.

The ACG system has been used in other studies of multimorbidity.5,19,25 However, this is the �rst example
where the complexity of combinations of clusters has been explored and visualised in a person-centred
way. The use of the ACG system also enabled us to use all diagnoses registered so we were not con�ned
to just the main diagnoses of the patients.

Of course, our study also has some limitations. The population in the cohort was con�ned, including
about a quarter of all patients at geriatric departments in the region. Moreover, no trajectories over time
have been studied.

Further research
In a forthcoming study, using the same cohort, completing data on readmission by patients will be
examined by the ACG instrument. The aim is to analyse how complex illness might be an important
factor for readmission independently, or together with other components.

Conclusions
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Patients in geriatric care display a high burden of multimorbidity. Patterns of complex morbidity have so
far often been shown by combination of diagnoses, and mostly by chronic conditions. By grouping
patients by their degree of multimorbidity, based on all their simultaneous diagnoses and drugs, more
patient-oriented patterns of complex morbidities can be elucidated and visualised. This might lead to a
better understanding of the essence of multimorbidity from a patient’s perspective.
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Figures

Figure 1

Top ten Expanded Diagnosis Clusters in highest (Q1) and lowest (Q4) risk quartile.

Legend:

EDC

Expanded Diagnosis Cluster

ADM05 Administrative concerns and non-speci�c laboratory abnormalities

CAR14 Hypertension, w/o major complications

CAR09 Cardiac arrhythmia

MUS01 Musculoskeletal signs and symptoms

CAR05 Congestive heart failure
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NUR01 Neurologic signs and symptoms

GUR08 Urinary tract infections

HEM02 De�ciency anemias

REN01 Chronic renal failure

NUT02 Nutritional de�ciencies

RES02 Acute lower respiratory tract infection

MUS17 Musculoskeletal disorders, other

MUS04 Fractures (excluding digits)

ADM06 Preventive care

Figure 2

Multimorbidity patterns by combinations of Expanded Diagnosis Clusters distributed by ‘Rescaled
Concurrent Risk’ quartiles. (Q1=highest and Q4=lowest risk.)
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