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Cluster analysis identifies unmet healthcare needs among patients with 
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7Department of Rheumatology, Jyväskylä Central Hospital, Jyväskylä, Finland

Objective: To identify the patterns of healthcare resource utilization and unmet needs of persistent disease activity, pain, and 
physical disability in rheumatoid arthritis (RA) by cluster analysis.

Method: Patients attending the Jyväskylä Central Hospital rheumatology unit, Finland, were, from 2007, prospectively enrolled 
in a clinical database. We identified all RA patients in 2010–2014 and combined their individual-level data with well-recorded 
administrative data on all public healthcare contacts in fiscal year 2014. We ran agglomerative hierarchical clustering (Ward’s 
method), with 28-joint Disease Activity Score with three variables, Health Assessment Questionnaire index, pain (visual 
analogue scale 0–100), and total annual health service-related direct costs (€) as clustering variables.

Results: Complete-case analysis of 939 patients derived four clusters. Cluster C1 (remission and low costs, 550 patients) 
comprised relatively young patients with low costs, low disease activity, and minimal disability. C2 (chronic pain, disability, 
and fatigue, 269 patients) included those with the highest pain and fatigue levels, and disability was fairly common. C3 
(inflammation, 97 patients) had rather high mean costs and the highest average disease activity, but lower average levels of pain 
and less disability than C2, highlighting the impact of effective treatment. C4 (comorbidities and high costs, 23 patients) was 
characterized by exceptionally high costs incurred by comorbidities.

Conclusions: The majority of RA patients had favourable outcomes and low costs. However, a large group of patients was 
distinguished by chronic pain, disability, and fatigue not unambiguously linked to disease activity. The highest healthcare costs 
were linked to high disease activity or comorbidities.

For patients with rheumatoid arthritis (RA), the advent 
of more effective anti-rheumatic treatments and the 
principle of aiming at remission or low disease activity 
has translated into improved outcomes, such as better 
control of disease activity, functional capacity, and 
lower healthcare resource utilization (1–3). Despite the 
therapeutic advances, for many patients with RA, poor 
physical functioning, pain, and comorbidity remain per-
sistent problems (4). This has led to the recognition of 
patient-reported outcomes such as pain, fatigue, and 
functional status as unmet needs in RA care (5). To 
further improve the care of RA patients and to facilitate 
the optimal allocation of limited resources, we need to 

better identify the patterns by which these symptoms 
occur and to quantify the proportion of RA patients 
affected.

RA is associated with a multitude of comorbidities, 
which, in turn, are associated with poor health-related qual-
ity of life and higher healthcare expenditures (6). Many 
prior studies on economic consequences of rheumatoid 
arthritis (RA) have focused particularly on overall costs, 
cost components, and medication costs (7–9). Previously, 
we reported that 10% of RA patients use as many healthcare 
resources as the remaining 90%, and that these high utilizers 
were characterized by costly comorbidities and higher 
levels of chronic pain (10). Although healthcare costs in 
RA may be influenced by disease activity and functional 
status (11, 12), few data exist on patterns of patient-reported 
outcomes and healthcare costs for patients with RA.

Cluster analysis is an exploratory statistical method 
used in many fields for grouping based on similarity 
(13), but it is a novel approach in research on 
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rheumatic diseases. Using cluster analysis, we set out 
to explore the patterns of healthcare resource utiliza-
tion and unmet needs of pain, disability, and persis-
tent disease activity in RA. As cluster analysis 
requires high-quality data as input, this study was 
carried out by linking two high-quality registers: 
a population-based data set from a rheumatology 
clinic, which involves repeated measures on both 
disease activity and patient-reported outcomes, and 
data on healthcare resource utilization.

Method

We identified adult (age ≥ 18 years) patients who lived in 
the Jyväskylä area (population approximately 140 000) 
and who had visited the rheumatology clinic at Finland’s 
largest non-university hospital [Jyväskylä Central Hospi-
tal (JCH)] between 2010 and 2014. A structured digital 
database (GoTreatIT® Rheuma application, DiaGraphIT) 
systematically collected individual-level clinical data as 
part of the electronic medical records (14) between 
May 2007 and 16 March 2016. Each patient completes 
a comprehensive questionnaire including measures of 
pain, fatigue, and functional status before every visit to 
JCH rheumatology clinic.

The healthcare utilization data involved a system 
similar to diagnosis-related group (DRG), one suitable 
for both inpatient and outpatient care. This was used for 
grouping all the RA patients’ diagnoses for fiscal year 
2014, and for estimating the respective health service- 
related direct costs (€; price level for 2014). The cost 
estimation tool acknowledges disease category, age, 
gender, healthcare unit and provider, and procedures, 

and comprises all public healthcare contacts: both pri-
mary and speciality care, inpatient and outpatient care, 
the emergency department, and contacts with all health-
care professionals (physicians, nurses, and rehabilitation 
workers). Additional details of both data sets have been 
described previously (10). We combined the data sets 
using the unique Finnish national identification num-
bers, selecting RA patients with at least one healthcare 
contact in 2014. As healthcare utilization data were 
obtained for 2014, our inclusion criteria were patients 
diagnosed with RA before or in 2014, who had visits to 
the rheumatology clinic within 5 years prior (2010– 
2014) to collection of cost data. To capture patterns of 
persistent disease activity, pain, and physical disability, 
we used all individual-level clinical data available for 
these patients within the registry (2007–2016).

The clustering variables were Disease Activity Score 
with three variables based on 28-joint count–erythrocyte 
sedimentation rate (DAS28-3-ESR) for disease activity, 
the Health Assessment Questionnaire disability index 
(HAQ, 0–3) for disability, the visual analogue scale 
for pain (VAS, 0–100, during the past week), and total 
annual health service-related direct costs (€; referred to 
as ‘costs’). For individual patients, we considered the 
median of time-dependent clinical variables. Correla-
tions for evaluating alternative summary metrics 
[mean and area under the curve (AUC) of individual 
trajectories calculated using the trapezoid rule] are 
shown in Supplementary Figure 1. We also explored 
the effect of replacing the variable on costs with the 
Rheumatic Disease Comorbidity Index (RDCI) (15) 
with comorbidities reported in the clinical data set.

Our main clustering algorithm was agglomerative 
hierarchical clustering (AHC), with secondary analyses 

Figure 1. Boxplots representing the distributions of the clustering variables for each cluster. The variables were (A) costs, (B) disease activity 
measured by the Disease Activity Score in 28 joints with three variables (DAS28-3), (C) disability measured by the Health Assessment 
Questionnaire (HAQ) index, and (D) pain measured by the visual analogue scale (VAS). Means are shown above the boxplots. For individual 
patients, the median of time-dependent clinical variables was considered. The black line is the median, the box represents the interquartile range 
(IQR = Q3 – Q1), the lower whisker is Q1 – 1.5 * IQR, and the upper whisker is Q3 + 1.5 * IQR. Stars represent outlier values located outside the 
whiskers.
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performed with k-means clustering. AHC starts with 
each individual in their own group and proceeds step 
by step by merging the two groups closest to each other 
according to the similarity measure. After taking the 
square root of costs (and RDCI for analyses applying 
RDCI) and scaling all the variables to zero mean and 
unit variance, we ran AHC by Ward’s method (Ward2 
algorithm), with the similarity measure defined by the 
Euclidean distance, following the approach of some 
earlier publications (16, 17). As a sensitivity analysis 
of cluster stability, we ran k-means clustering (R pack-
age fpc, function kmeansruns with 100 runs).

The number of clusters chosen was based on exam-
ination of the dendrogram, and by assessing the cluster 
number by three metrics: the average silhouette width, 
the within-cluster sum of squares by cluster, and the gap 
statistic (Supplementary Figure 2). With all metrics, the 
optimal number of clusters was two, but this would 
have distinguished only patients who are doing well 
with respect to our clinical characteristics, and those 
who are not. Based on the dendrogram, and supported 
by the three metrics, we therefore chose four clusters to 
explore the patterns of unmet needs. Cluster labels were 
assigned by examining the distributions of the cluster 
variables. To visualize the overlap between clusters, we 
performed the standard principal component analysis 
(PCA). PCA creates new, uncorrelated variables (prin-
cipal components) as linear combinations of the original 
variables. Typically, a few leading principal compo-
nents will reveal the main structure of the data.

We describe the differences among the clusters for 
patient-reported outcome measures, health service- 
related costs, and comorbidities systematically recorded 
in the clinical data. Medication data are reported as 
ever- and never-users for disease-modifying anti- 
rheumatic drugs (DMARDs), biological disease- 
modifying anti-rheumatic drugs (bDMARDS), and 
methotrexate. Fatigue was rated on the VAS (0–100) 

during the previous week of answering the question-
naire before each visit. For comparing categorical vari-
ables, we used Fisher’s exact test, and for continuous 
variables, the Kruskal–Wallis test.

No patients were involved in planning or setting the 
research questions, or when interpreting the results. 
Analyses were performed using R version 3.4.0. In 
Finland, linkage of registry-based data requires no 
ethics approval or patient consent. The study was 
approved by the local medical records administrator 
(JCH).

Results

There were 939 individuals meeting the selection criteria 
with no missing data with respect to the clustering vari-
ables. A comparison of individuals included and 
excluded is given in Supplementary Table 1. The mean 
number of visits was 8.9 [median 7.0, interquartile range 
(IQR) 4.0–11.0]. The mean duration of follow-up was 
2.6 years (median 2.1 years, IQR 0.7–4.2 years, max-
imum 9.0 years). We considered four clusters, C1–C4 
(Table 1; dendrogram in Supplementary Figure 3) 
ordered by increasing total healthcare costs. Distributions 
for DAS28-3, HAQ index, and pain are shown in Fig-
ure 1. The longitudinal patterns for DAS28-3, HAQ 
index, and pain by cluster are shown in Figure 2. 
Labelled ‘remission and low costs’, C1 was the largest 
cluster, with 550 patients. It constituted relatively young 
patients with low costs, low disease activity, minimal 
disability, and the lowest number of comorbidities. 
Labelled ‘chronic pain, disability, and fatigue’, C2, with 
269 patients, was characterized by the highest pain levels 
(VAS group mean 53.3), and disability was fairly com-
mon. In all groups, fatigue was common, but C2 
(‘chronic pain, disability, and fatigue’) had the highest 
group mean of 50.6 (Table 1).

Figure 2. Longitudinal patterns by cluster for (A) disease activity measured by Disease Activity Score in 28 joints with three variables (DAS28-3), 
(B) disability measured by the Health Assessment Questionnaire (HAQ) index, and (C) pain measured by the visual analogue scale (VAS). The 
x-axis represents years of follow-up after the diagnosis. Curves are locally estimated scatterplot smoothing (LOESS) curves, fitted by cluster to 
individual trajectories over the follow-up [R package ggplot, function stat_smooth() with method parameter ‘loess’]. The grey areas represent 95% 
confidence intervals.
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The most characteristic feature in C3 (‘inflamma-
tion’, 97 patients) was rather high mean costs. C3 also 
had the highest average DAS28-3. Despite high disease 
activity compared to that of C2, C3 showed lower 
average levels of pain and less disability. All clusters 
showed high variability in DAS28-3, suggesting that all 
clusters comprised patients with varying levels of dis-
ease activity.

With only 23 patients, C4 (‘comorbidities and high 
costs’) was small, heterogeneous, and characterized by 
exceptionally high average costs. The main cost driver 
in C4 was costly and severe comorbidities. Detailed 
evaluation revealed that these comprised mainly malig-
nancies, severe gastrointestinal diseases such as gastro-
intestinal bleeding, severe infections, and complications 
of joint replacement surgery.

In the clinical data, 769 patients (81.9%) had at least 
one comorbidity. Hypertension, hypercholesterolaemia, 
osteoporosis, and hypothyroidism were common in all 
clusters (Supplementary Table 2). In C2, 13.4% had 
physician-diagnosed fibromyalgia. For C3 (inflamma-
tion), coronary artery disease was present in 10.3%, 
and for C2 (chronic pain, disability, and fatigue) in 
8.6%. The top comorbidities by annual health service- 
related costs are given in Supplementary Table 3.

Next, we performed several sensitivity analyses. 
Clustering with RDCI replacing costs and without either 
costs or RDCI yielded overall similar results for clus-
ters, particularly with respect to C1 and C2, but not all 
patients were assigned to a similar cluster by the differ-
ent clustering variables, and cluster sizes were more 
uniform in size (Supplementary Figures 4 and 5). Clus-
tering with RDCI failed to identify a clear pattern for 
inflammation for C3 (Supplementary Figure 4). Cluster-
ing without either costs or RDCI yielded highly similar 
patterns for C1–C3 as our main clustering results, but 
was unable to distinguish individuals with respect to 
costs (Supplementary Figure 5). k-Means clustering 
produced overall highly similar clusters to hierarchical 
cluster analysis, and the same labels were assignable for 
C1–C4 (Supplementary Figure 6, Supplementary Table 
4). The cluster sizes remained consistent, with 401 
individuals (42.7%) in C1, 206 (21.9%) in C2, 257 
(27.4%) in C3, and 75 (8.0%) in C4, with the most 
substantial change being that 29.1% of individuals in 
hierarchical clustering cluster C1 (remission and low 
costs) moved with k-means to the cluster representing 
inflammation. Moreover, 195 of the 939 individuals 
(20.8%) were assigned to cluster C2 (chronic pain, 
disability, and fatigue) with both algorithms.

Lastly, to visualize the overlap between clusters, 
we performed standard PCA. PCA demonstrated that 
C3 (inflammation) shared similarities with all the 
other clusters, and overall, cluster overlap was 
apparent (Supplementary Figure 7). The most wide-
spread was C4 (comorbidities and high costs), 
demonstrating the heterogeneity of patients in C4.

Discussion

Effective treatment of RA seems to promise positive 
outcomes for the majority: the largest cluster, C1, com-
prising over half of the patients, had favourable out-
comes and low average costs. However, the second 
largest cluster, comprising approximately one-third of 
patients, showed unmet needs of pain, disability, and 
fatigue (cluster C2). These patients were characterized 
by substantial self-reported pain and fatigue, and dis-
ability not explicitly linked to disease activity. The pain 
and fatigue measurements consisted of individual med-
ians, suggesting that many suffer from chronic pain, and 
fibromyalgia was diagnosed in 13.4%.

One-tenth of all patients (cluster C3) had charac-
teristics suggesting chronic inflammation, and some 
of these patients also displayed moderate to high 
levels of pain and disability. Despite the inflamma-
tion, many seem to have maintained good physical 
functioning, perhaps as a result of active treatment. 
Of note, 46% of patients in C3 had used bDMARDs 
at some point in their disease course. A clinically 
important observation is that in this cluster with per-
sistent disease activity, some of the patients reported 
low levels of pain, and the highest levels of pain were 
found not in this cluster, but in C2. Pain that is not 
correlated with levels of disease activity is an impor-
tant challenge in treating patients with rheumatic dis-
eases, and our results indicate that this is an unmet 
need in nearly every third patient with RA. Despite 
similar age, disease duration, and number of comor-
bidities, patients in C3 had more visits to the rheu-
matology unit and higher total and rheumatic disease- 
related costs than C2, implying that more resources 
are allocated to the care of those with high disease 
activity than of those with chronic pain and disability.

Over the past few decades, the introduction of more 
aggressive treatment strategies for RA has translated 
into reductions in disease activity and inflammatory 
markers, while patient-reported outcomes such as pain, 
fatigue, functional disability, and mental health remain 
to be similarly improved (18, 19). Recent reviews and 
guidelines recognize pain and physical functioning as 
key domains of unmet needs in RA and emphasize the 
importance of differentiating localized and generalized 
pain (4, 20). Fatigue is generally associated with a high 
comorbidity burden, disease activity, and disability 
(21), but may also be linked to chronic pain. Overall, 
improving the management of chronic pain is key, and 
these patients may also benefit from reinforced support 
by a multiprofessional team.

The largest cluster, C1, comprising over half of the 
patients, had both low total costs and low rheumatic 
disease-related costs, and were doing well overall. They 
had the lowest number of comorbidities, low disease 
activity, and favourable patient-reported outcomes. The 
smallest cluster, C4, comprised patients with severe 
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comorbidities incurring high costs. Their comorbidity 
spectrum, fairly high average level of DAS28-3, and 
40% having used bDMARDs all imply that the index 
disease may have contributed to their comorbidity bur-
den and healthcare resource utilization. This finding is 
in line with our previous study showing that costly 
comorbidities account for most healthcare costs among 
those RA patients who utilize the most healthcare 
resources (10).

Prior studies from the USA have established clusters 
with characteristics similar to ours. One study identified 
a large cluster comprising the least ill patients and 
a small cluster with a high comorbidity burden (2). 
Another established clusters similar to our C1–C3, and 
identified patients with high levels of pain who dis-
played minimal signs of inflammation and manifested 
symptoms indicative of a chronic widespread pain syn-
drome (22). One study, using latent class analysis to 
identify comorbidity clusters among patients with rheu-
matic diseases, identified as the most prevalent patterns 
for RA cardiovascular disease and related risk factors, 
osteoporotic fractures, and depression (23). All of these, 
except for depression, were also highly prevalent across 
our clusters.

Recognizing pain, fatigue, and disability as common 
and persistent problems among RA patients, our study 
replicates previous findings using a population-based 
RA cohort in a European country with universal public 
healthcare. This study shares the limitations of other 
administrative-data studies, such as coding errors, but 
direct linkage to rheumatologist-validated clinical data 
and categorization of comorbidities reduce these biases. 
We deliberately examined only health service-related 
direct costs. The treatment strategies in JCH follow 
the Finnish current care guideline for RA (24), and we 
believe that the generalizability of our results on 
a national level is good. In terms of disease activity 
and severity of RA, the QUEST-RA study reports sig-
nificant variation between countries, with lower-than- 
average disease activity, joint counts, pain, and HAQ in 
Finland (25), which may limit the generalizability of 
our results outside Finland.

In general, cluster analysis provides additional 
information beyond that captured by traditional 
research frameworks. Like many clusters in other 
medical specialities (26), our clusters make sense 
from a clinical perspective. Our clusters did, however, 
display heterogeneity. This heterogeneity is likely to 
arise from the relevant clinical characteristics being 
highly correlated. Heterogeneity may be reduced by 
increasing the number of clusters, which would, how-
ever, make it harder to identify and quantify key 
patterns. The clearest cluster division would have 
been between those with favourable outcomes (C1) 
and the rest with unmet needs (C2, C3, and C4 
combined), but these two main clusters do not yet 
identify the specific domains of unmet needs. 

Although different clustering–variable combinations 
and clustering algorithms showed some reclassifica-
tion, the unmet needs remained evident with the dif-
ferent approaches. The most important cluster with 
respect to unmet needs, cluster C2 (chronic pain, 
disability, and fatigue), showed the highest stability 
between the different algorithms, and clustering could 
be used for identifying such patients in rheumatology 
clinics. Although we believe that our results are clini-
cally relevant and useful in emphasizing the extent of 
pain, fatigue, and disability as unmet needs, the oper-
ationalization of our clusters would require replica-
tion in other RA cohorts. Moreover, data on costs are 
rarely available, and, in particular, our results on 
clustering with RDCI and without either RDCI or 
costs show that patient characteristics (at least 
explored by clustering) alone are insufficient to stra-
tify individuals according to costs.

Conclusion

We identified four clusters in RA based on patient- 
reported outcomes and healthcare resource utilization. 
Most patients were doing well with their disease and 
had low costs, in part reflecting the effects of modern 
anti-rheumatic treatment, but around one-third dis-
played an unmet need by presenting with chronic 
pain and fatigue not explicitly linked to disease activ-
ity. In clinical practice, it is important to acknowledge 
these clusters, which may also help to optimize treat-
ment strategies. Alongside implementation of early 
and active RA treatment strategies, we highlight the 
importance of improving multiprofessional care of 
patients with chronic pain and disability.
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