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Objective: To investigate healthcare costs and contributors to costs for multiple

chronic conditions (MCCs), common clusters of conditions and their impact on cost

and utilization.

Methods: This was a cross-sectional analysis of US financial claims data representative

of the US population, including Medicare, Medicaid, and Commercial insurance claims in

2015. Outcomemeasures included healthcare costs and contributors; ranking of clusters

of conditions according to frequency, strength of association and unsupervised (k-means)

analysis; the impact of clustering on costs and contributors to costs.

Results: Of 1,878,951 patients, 931,045(49.6%) had MCCs, 56.5% weighted to

the US population. Mean age was 53.0 years (SD16.7); 393,121(42.20%) were male.

Mean annual healthcare spending was $12,601, ranging from $4,385 (2 conditions)

to $33,874 (11 conditions), with spending increasing by 22-fold for inpatient services,

6-fold for outpatient services, 4.5-fold for generic drugs, and 4.2-fold for branded drugs.

Cluster ranking using the 3 methodologies yielded similar results: highest ranked clusters

included metabolic syndrome (12.2% of US insured patients), age related diseases

(7.7%), renal failure (5.6%), respiratory disorders (4.5%), cardiovascular disease(CVD)

(4.3%), cancers (4.1–4.3%), mental health-related clusters (1.0–1.5%), and HIV/AIDS

(0.2%). Highest spending was in HIV/AIDS clusters ($48,293), mental health-related

clusters ($38,952–$40,637), renal disease ($38,551), and CVD ($37,155); with 89.9%

of spending on outpatient and inpatient care combined, and 10.1% on medication.

Conclusion and Relevance: Over 57% of insured patients in the US may have MCCs.

MCC Clustering is frequent and is associated with healthcare utilization. The findings

favor health system redesign toward a multiple condition approach for clusters of chronic

conditions, alongside other cost-containment measures for MCCs.

Keywords: cardiovascular disease, chronic disease, multimorbidity, cancer, mental health, healthcare costs,

disease clustering

HIGHLIGHTS

What is already known about the topic?

Despite one in three adults suffering from more than one chronic condition, little is known about
the burden from MCCs. Some studies to date suggest markedly different disease, cost and societal
burdens. Furthermore, certain conditions cluster together more frequently, however, no studies
have reported on the impact that clusters have on the healthcare cost burden from MCCs in

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2020.607528
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2020.607528&domain=pdf&date_stamp=2021-01-21
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:Chajat@doctors.org.uk
https://doi.org/10.3389/fpubh.2020.607528
https://www.frontiersin.org/articles/10.3389/fpubh.2020.607528/full


Hajat et al. Multiple Chronic Conditions Clusters and Costs

a comprehensive manner. Recent consensus statements have
called for a specific focus on multiple chronic conditions.
What does the paper add to existing knowledge?

This study is one of the most comprehensive studies investigating
contributors to costs in terms of number of patients included,
representativeness of the US population and inclusion of the full
range of chronic conditions.
What insights does the paper provide for informing

healthcare-related decision making?

Of US insured patients, over 57% may have multiple
chronic conditions.

HIV/AIDS was the costliest cluster followed by clusters
of mental and behavioral disorders, renal failure and CVD.
Outpatient and inpatient services account for roughly 90% of
health spending and medication for 10%.

Health service utilization varies by number and clusters of
conditions, with potential overutilization of specialist services
and underutilization of primary care and psychiatric services.

INTRODUCTION

The increasing global burden of non-communicable diseases
(NCDs), accounting for three in five of global deaths (1), has long
been recognized as a global priority. Less attention has been given
to the issue of multiple chronic conditions (MCCs), also termed
multi-morbidity, despite one in three adults suffering from more
than one chronic condition (2).

Evidence from a handful of studies reporting on the burden
from MCCs to date suggest that this phenomenon results in
markedly different disease, cost and personal burdens. Most
studies have asserted a positive association between MCC and
healthcare expenditures (3), some reporting a doubling in costs
with each subsequent condition (4, 5). Studies suggest more
complex inpatient and outpatient care utilization and use of more
prescription medications (6–9).

Certain conditions cluster together more frequently such as
stroke and Alzheimer’s disease, and communicable conditions
such as TB and HIV/AIDS with diabetes and CVD, respectively
(10, 11). However, no studies have reported on the impact that
clusters have on the healthcare cost burden from MCCs in a
comprehensive manner.

Recent articles have called for a specific focus on multiple
chronic conditions (10–12) and the Academy ofMedical Sciences
in the UK identified clustering of disease as a priority research
area (13).

The objective of this article is to quantify healthcare spending
in patients with MCCs using a comprehensive set of chronic
conditions, identify the most important clusters and identify the
key contributors to costs for MCC patients. The primary research
questions were:

1. What are the healthcare costs and contributors to costs for
patients with multiple chronic conditions?

2. What are the most important clusters of chronic conditions?
3. How does clustering of chronic conditions impact cost and

contributors to costs?

METHODS

We used a random sample of IBM MarketScan R© claims-based
data (14) for US adults (age 18+ years) covered by insurance
for the data year 2015, including the Commercial Claims
and Encounters (CCAE) Database, the Medicare Supplemental
Database, and the Multi-State Medicaid Database. The IBM
MarketScan R© claims databases contain de-identified, patient-
level health episode claims information for>200 million patients
aggregated across multiple public and private health insurance
providers. The claims data includes information on inpatient
services, outpatient services and outpatient prescription drugs.
The CCAE database covers patients with commercial insurance
while the Medicare Supplemental Database and the Multi-State
Medicaid Databases cover patients submitting claims through
the public programmes of Medicare and Medicaid, respectively
(15). The MarketScan R© database utilizes standard international
coding and the International Classification of Disease (16) was
used to assign diagnoses. Random, representative samples of each
of these three databases were sourced from IBMMarketScan R© as
a basis for this analysis.

Patients with two ormore chronic conditions from the Agency
for Healthcare Research and Quality (AHRQ) list of 69 chronic
conditions which relies on ICD9 and ICD10 coding systems (17)
were included. Patients with more than 11 conditions, equating
to 59,432 (6.4%) of MCC patients in the sample, were omitted
due to inadequate sub-group numbers.

The main purpose of this study was to understand drivers
of healthcare spend for patients with key clusters of multiple
chronic conditions. In the absence of agreed upon criteria and
methodologies for determining key clusters, we employed a two-
step process to identify and select clusters for further analysis,
utilizing three different methodologies to shed light on different
aspects of key clusters.

Step 1 used three different methods for ranking and
characterizing clusters: Method A: Identify and rank the top
25 co-morbid condition pairs based on prevalence—i.e., highest
frequency of occurrence in the sample population.

Method B: Identify and rank the top 25 co-morbid conditions
pairs based on strength of association—i.e., highest probability of
condition 2 being present in a patient if condition 1 is present.

Method C: Conduct an unsupervised k-means clustering
analysis to identify clustering without constraining to condition
pairs. K-means is an unsupervised learning method without
reliance on a “dependent” variable (18). K-means clustering
optimizes the within group sum of squares i.e., it assigns
observations to a cluster based on how close (Euclidean distance)
it is to the cluster centroid. Each patient was assigned to a disease
cluster based on Euclidean distance of their disease vectors
to the cluster centroids (18). The clusters are reported in the
results tables characterized by the base conditions which strongly
associate with the cluster (i.e., are present in >95% of patients
in that cluster), as well as other conditions more moderately
associated with the cluster (present in 20–95% of patients in that
cluster). Step 2 was to select 10 clusters to investigate further
with respect to cost driver analysis from the “top” clusters from
Step 1 based on frequency, strength of association and k-means
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TABLE 1 | Characteristics of patients included.

Characteristic

Number with multiple chronic conditions 931,045 (49.6%)

Age years: mean (SD) 53.04 (16.66)

Male n (%) 393,121 (42.20%)

Health Coverage: n (%)

Commercial (CCAE) 476,879 (51.23%)

Medicaid 270,092 (29.00%)

Medicare 184,074 (19.77%)

Number of chronic conditions:

2 n(%) 201,255 (21.60%)

3 n(%) 167,651 (18.00%)

4 n(%) 134,020 (14.40%)

5 n(%) 103,575 (11.10%)

6 n(%) 78,844 (8.47%)

7 n(%) 60,056 (6.45%)

8 n(%) 45,449 (4.88%)

9 n(%) 34,649 (3.72%)

10 n(%) 26,078 (2.80%)

11 n(%) 20,036 (2.15%)

Annual Healthcare spending US$: mean(SD)

Overall 12,601 (36,329)

By type of coverage:

Commercial (CCAE) 10,571 (28,352)

Medicaid 11,729 (38,518)

Medicare 19,139 (48,596)

clustering. The process involved selecting 10 anchor conditions
or condition clusters of interest based primarily on their rank in
the three analyses in Step 1, and characterizing the co-morbid
prevalence of other conditions in the populations defined by the
anchor conditions or condition clusters. Whilst primarily relying
on rank from Step, clustering around HIV/AIDS was included
for further analyses as a globally-relevant cluster of a chronic
communicable condition of relevance to global populations.

Contributors to costs that were investigated included: age,
sex, number of conditions, clustering of conditions, site of
care settings (inpatient, outpatient), branded and generic
medications, and of type of medical services provided: specialty
procedures and diagnostics, primary care, emergency visits
and psychiatric services. Definitions of healthcare spending are
detailed in the technical supplement.

To make the results representative of the US insured
population distribution, scaling factors were used to weight
samples from each coverage type to the corresponding US
adult (18+) insured population from year 2015 (including 134.1
million CCAE, 43.3 million Medicare, and 29.6 million Medicaid
insured population) (19).

Statistical Analysis
Analyses were conducted using the software package R, version
3.4.0 (2017-04-21). Anova testing was used to determine the

statistical significance of differences in costs (for each sub-
category e.g., outpatient costs, inpatient costs, medication costs)
between clusters (at the 95% significance level) adjusted for
age and sex. Cancers were stratified by male and female
demographics of the sample and reported as male and female
types, adjusted for age only. All results were reported after
weighting to the US population other than the crude figures used
for reporting the study sample patient characteristics (Table 1).

As coverage type criteria include age, comparisons between
coverage types were not adjusted by demographic factors. Other
patient factors such as socio-economic status and ethnicity were
not available.

Patient and Public Involvement
This work forms part of a broader study in which focus group
work was conducted on patients with MCCs to elicit their main
struggles and concerns and the terminology used in discussing
their conditions. These qualitative insights were published in
a white paper (11) and the current study aims to answer the
quantitative research questions.

RESULTS

Table 1 reports characteristics of the study sample. The data
comprised 51.2% of CCAE, 29.0%Medicaid, and 19.8%Medicare
patients. Of an initial sample of 1,878,951 subjects, at-least 2
chronic conditions were found in 931,045 (49.6%); when scaled
to the US population, this would equate to 56.5%. Mean age was
53.0 years (SD16.7); 393,121 (42.20%) were male and 871,613
with between 2 and 11 conditions were further analyzed. Mean
annual healthcare spending was $12,601, varying between the
types of insurance at $10,571 for Medicaid, $11,730 for Medicare,
and $19,139 for CCAE (p < 0.001).

Figure 1 shows mean healthcare spending per patient and
contributors to costs, according to the number of chronic
conditions. Average healthcare spending per annum for those
with two conditions was $4,385, increasing 8-fold to $33,874 for
those with 11 or more conditions. Whilst the absolute values
increased, the percentage change was non-linear, showing a
consistently gradual decrement from 33% (shift from two to three
conditions) to 18% (shift from 10 to 11 conditions). Inpatient
costs accounted for the greatest shift in both absolute and relative
amounts. The relative increase in healthcare spending between
patients with 2 and 11 conditions was 22-fold for inpatient costs,
6-fold for outpatient costs, 4.5-fold for generic drugs, and 4.2-fold
for branded drugs.

Further analysis of the purely medical contributors to costs for
MCC patients showed that between having 2 and 11 conditions,
healthcare spending increased by 24-fold for inpatient services,
8-fold for speciality procedure and diagnostics, 6-fold for
emergency visits, and 4-fold for both primary care services and
psychiatric services.

Table 1 and Supplementary Table 1 show that average
spending per annum was highest for Medicare at $19,129 and
considerably lower for both Medicaid at $11,783 and CCAE at
$10,572 (p < 0.001). Younger patients on Medicaid had higher
spending on male cancers, renal failure, and HIV/AIDS whilst
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FIGURE 1 | Total average health spend and contributors to cost by number of chronic conditions. Costs are weighted to the US population and are reported in US$.

Comparison between costs by number of conditions was statistically significant overall (p < 0.001), for inpatient (p < 0.001), outpatient (p < 0.001), branded drugs

(p < 0.001), and generic drugs (p < 0.001).

older patients on Medicare had higher spending for clusters
associated with mental health problems, age-related disease and
respiratory problems. Table 1 shows that the overall average
spending is higher in Medicare than in CCAE, however the
Supplementary Table 1 shows that when number of conditions
is held fixed, Medicare spending is lower than CCAE due
to typically lower reimbursement in Medicare compared with
CCAE for any given condition.

Table 2 shows the 10 clusters included in further analyses;
Supplementary Tables 2–4 show the list of top 25 clusters
ranked by frequency, strength of association, and unstructured
k-means clustering from which the 10 clusters were selected.
Among these were metabolic syndrome, present in 12.2% of the
insured population and predominantly including hypertension,
high cholesterol and diabetes mellitus. Renal failure (present
in 5.6%) and cancers (present in 4.1–4.3%) clustered with
hypertension, high cholesterol, diabetes, and other neurological
disorders, amongst other conditions. Clusters of age-related
diseases (present in 7.7%) included osteoarthritis, hypertension
and high cholesterol, and cardiovascular disease (CVD), present
in 4.3%, included hypertension, coronary artery disease (CAD),
high cholesterol and cardiomyopathy. Respiratory disorders
(present in 4.5%) including chronic obstructive pulmonary
disease (COPD) and allergy, clustered with hypertension, high
cholesterol, peptic ulcer disease (excluding bleed), depression
and other neurological disorders. Mental health disorder clusters,

including depression and anxiety, were present in 1.0–1.5%
and clustered with chronic pain, hypertension, high cholesterol,
diabetes, other neurological disorders, and alcohol abuse. The
HIV/AIDS cluster was present in 0.2% of the insured population
and occurred with hypertension, high cholesterol, alcohol abuse,
depression, and weight loss.

Outputs from the three different methods of ranking
clusters (Step 1 in the Methods section), are reported in
Supplementary Tables 2–4. The three methods yielded the
same conditions for the majority of the top 25 clusters with
clustering of high cholesterol with hypertension, diabetes with
hypertension, high cholesterol with other endocrine disorders
and osteoarthritis with hypertension ranking highly. Of the
top 25 condition pairs by strength of association, only three
individual conditions did not also appear in the top 25
by frequency, namely coagulopathy, blood loss anemia, and
cystic fibrosis.

Figure 2 shows the average annual healthcare spending
and contributors to costs by clusters. The highest spending
was for patients with the HIV/AIDS cluster at $48,293 per
patient per annum, predominantly driven by the cost of
branded drugs costing on average $21866 (45.3%) of their total
spending. Subsequent ranks by spending included the clusters of
mental/physical debilitation at $40,637, mental health disorders
at $38,952, renal disease at $38,551 and CVD at $37,155,
with 45–50% of the healthcare spending on outpatient care,
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TABLE 2 | Key Clusters of chronic conditions.

Cluster name Conditions with strong

associations* (>95%)

Conditions with moderate associations* (20–95%) Sample

frequency n(%)

US insured

population

frequency n(%)**

Metabolic

syndrome

Hypertension

High Cholesterol

Diabetes

Eye problems; other neurological disorder; other endocrine

disorder; coronary artery disease; osteoarthritis; weight-loss;

obesity; chronic obstructive pulmonary disease (COPD)

110,946

(11.9%)

14,257,585

(12.2%)

Age-related

disease

Osteoarthritis

Hypertension

High Cholesterol

Diabetes; other neurological disorder; eye problems; other

endocrine disorder; peptic ulcer disease exclude bleed; coronary

artery disease

65,356 (7.0%) 8,990,408

(7.7%)

Renal failure Renal Failure Hypertension; high cholesterol; eye problems; diabetes; other

neurological disorders; weight loss; cardiac arrhythmias; coronary

artery disease

50,373 (5.4%) 6,602,939

(5.6%)

Respiratory Allergy

COPD

Hypertension; high cholesterol; peptic ulcer disease exclude

bleed; depression; other neurological disorders

44,486 (4.8%) 5,234,597

(4.5%)

Cardiovascular

disease

Hypertension

CAD Cardiomyopathy

High Cholesterol

Diabetes; cardiac arrhythmias; eye problems; COPD; other

neurological disorders; congestive heart failure; osteoarthritis

34,807 (3.7%) 4,982,731

(4.3%)

Cancer female Malignant Neoplasm

(females)

Hypertension; high cholesterol; other endocrine disorder; eye

problems

37,062 (4.0%) 4,992,607

(4.3%)

Cancer male Malignant Neoplasm

(males)

Hypertension; high cholesterol; eye problems; diabetes 32,291 (3.5%) 4,788,380

(4.1%)

Physical/mental

debilitation

Depression

Chronic Pain

Hypertension; alcohol abuse; other neurological disorder; anxiety;

peptic ulcer disease exclude bleed; COPD; diabetes; high

cholesterol; weight loss; liver disease; enterocolitis

23,897 (2.6%) 1,802,778

(1.5%)

Mental health

disorders

Depression

Anxiety Hypertension

High cholesterol; other neurological disorder; alcohol abuse;

peptic ulcer disease exclude bleed; COPD; diabetes; osteoarthritis

12,652 (1.4%) 1,147,493

(1.0%)

HIV/AIDS HIV/AIDS Hypertension; high cholesterol; alcohol abuse; depression; weight

loss

2,890 (0.31%) 252,688

(0.2%)

*The second column reports the main chronic conditions that were present in over 95% of patients falling within that cluster; column three reports conditions that were present in
20–95% of patients within that cluster. **Weighted and extrapolated to the US insured population.

40–45% on inpatient care and 10% on medication costs. In
addition to these clusters, others that were associated with “other
neurological disorders” accounted for higher healthcare spending
in general.

Health Service Utilization was dependent on both the number
and cluster of conditions. The proportion of total health spending
on inpatient costs increased with each additional condition
from $515(20.7%) for 2 conditions to $12,292 (47.8%) with 11
conditions. The proportion of total health spending on primary
care services decreased with each additional condition from
$362 (14.6%) for 2 conditions to 1,490 (5.8%) for 11 conditions.
Figure 3 shows the pattern of utilization of health services by
cluster. Inpatient services accounted for over half of medical
health spending for many of the clusters, followed closely by
spending on specialty procedures and diagnostics. Spending on
psychiatric services was low for all clusters, ranging from $58
(0.2%) in metabolic syndrome to $210 (1.4%) in the HIV/AIDS
cluster and $418 (1.5%) in the mental health disorder cluster.

Healthcare spending by clusters stratified by age group
followed predicted patterns of higher spending for older
age groups in the clusters of metabolic syndrome, mental
health disorders, physical and mental debilitation, HIV/AIDS,
respiratory and age-related conditions. However other clusters
such as CVD, female cancers and renal failure varied less between
age groups. Mean healthcare spending for CVD was $34,485 for

18–44 year olds and $38,175 for those aged 85 and over, with
similar outpatient, inpatient and generic drug costs. Spending on
branded drugs accounted for a large proportion of the variance
($3,121 and $2,703 in ages 45–64 & 65–84, respectively compared
with $1932 and $1,545 in ages 18–44 and >85, respectively; p <

0.001). Male cancers are costlier in younger age groups ($42,118
for ages 18–44 compared with $33,206 for age 85; p < 0.001) due
to the specific types of cancer seen in younger men.

DISCUSSION

This study represents one of the most comprehensive studies to
date to investigate contributors to costs in terms of number of
patients included, representativeness of the US population and
because it investigates the full range of, rather than selected,
chronic conditions.

Key findings include:

1. In this large US insured patient sample, 50% had multiple
chronic conditions.

2. Costs of healthcare spending increase non-linearly with each
subsequent condition. Our study shows a relatively smaller
increment in healthcare spending compared with previous
smaller published studies (10), and that the relative increase
tapers off with each subsequent chronic condition.
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FIGURE 2 | Total average health spend and contributors to cost by cluster of conditions. Costs are weighted to the US population and reported in US$. Comparisons

for cost between clusters of conditions were statistically significant overall (p < 0.001), for inpatient (p < 0.001), outpatient (p < 0.001), branded drugs (p < 0.001),

and generic drugs (p < 0.001).

3. Overall, inpatient costs accounted for the highest increase with
each subsequent condition, with a 24-fold increase between
patients with 2 and 11 conditions, with considerable variation
according to the “cluster” of conditions.

4. The 10 key clusters selected for more in-depth analysis
included metabolic syndrome (present in 12%), chronic renal
failure (8%), age related diseases (7%), respiratory disorders
(4.5%), CVD (4%), cancers (4%), and mental and behavioral
disorders (1–1.5%). In addition, the HIV/AIDS cluster, of
particular interest to LMIC settings, was present in 0.2%.

5. Conditions occurring in over 95% of patients with these
clusters included hypertension, high cholesterol, diabetes,
CVD, depression, anxiety, chronic pain, osteoarthritis, allergy,
COPD, male and female cancers, chronic renal failure,
and HIV/AIDS.

6. HIV/AIDS was the costliest cluster due to 45% of total
spending on branded drugs. This was followed by clusters of
mental and behavioral disorders which were second and third
most costly and, renal failure and CVD at fourth and fifthmost
costly, with outpatient and inpatient services accounting for
roughly 90% of health spending.

7. Health service utilization varied by number of condition and
clusters, with possible overutilization of specialist services and
underutilization of primary care and psychiatric services in
those with additional chronic conditions and certain clusters.

Frequency Rates
Our sample of 1 year of hospital episode data showed that exactly
a half (56.5% scaled to the US population) of patients had at-
least 2 chronic conditions. However, as this is a patient sample
it does not seek to represent the US population prevalence rate
which would be expected to be lower due to the presence of non-
healthcare seeking adults. Nonetheless, the rates are within range
of previously reported rates.

Prevalence estimates for MCC are highly heterogeneous with
methodological differences such as age, the number of chronic
conditions included and whether the outcomes are self-reported
or verified leading to estimates that may vary up to 3-fold.
Prevalence estimates for MCC range from 25.5% in the US (for
10 chronic conditions), increasing in the US to 50% for ages 45
to 65 and 81% for ages over 65 years (20), 16% in the UK (for
17 chronic conditions) to 58% (for 114 chronic conditions) (21),
45% in China to 71% in Russia in those aged over 50 (22) and just
9.4% in India (23).

Costs in Previous Literature
There is considerable variation in the magnitude of resource
utilization reported between studies, health systems and data
sources. Our findings align with existing evidence that MCC
patients experience more complex inpatient and outpatient care
scenarios leading to disproportionately high use of specialist
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FIGURE 3 | Health Service Utilization in terms of cost, reported by Cluster. Costs are weighted to the US population and are reported in US$. Comparisons for cost

between clusters of conditions were statistically significant for inpatient (p < 0.001), specialty procedure (p < 0.001), primary care (p < 0.001), emergency care (p =

0.003), and psychiatric care (p < 0.001).

services, visits to a multitude of physicians and confronting
physicians with more problems at each visit (6, 7). MCCs patients
have been reported as having more prescription medications
(polypharmacy) and higher prescription drug expenditures (8,
9). However, our findings suggest that, other than for certain
clusters, high utilization of medical services is the principle factor
in the elevated MCC cost burden.

Patient factors previously reported to determine cost
and healthcare utilization have included age, living
arrangements (e.g., living alone), being female and having
supplementary insurance (24–27). Our study shows that they
may also be influenced by the number and clustering of
chronic conditions.

Costs and Number of Conditions
Our study shows a modest increase in healthcare spending, and
that the relative increase tapers off, with each subsequent chronic
condition. A few previous studies reported healthcare spending
doubling with each additional chronic condition (4, 5) whilst
others reported smaller increments (3). As our study is much
larger and includes the full spectrum of chronic conditions,
it is likely to be more representative of the overall status for
chronic conditions.

Clusters
This is one of the most comprehensive studies to date that
identifies and quantifies clustering between the full range of
chronic conditions. Conditions may cluster together by virtue
of independently high prevalence rates, shared risk factors, and
disease pathways or due to the causation of one condition by
another, and clusters may fall into more than one of these
categories (10). The commonly occurring clusters identified
here were a mixture of these types: shared high prevalence
rates predominantly explaining the metabolic syndrome, CVD
and age-related clusters; shared risk factors for cancers and
renal failure; causation of subsequent conditions for clusters
with mental health disorders, chronic pain, and HIV/AIDS.
Further research is required to delineate the causal pathways and
also to enable the prediction of subsequent chronic conditions.
Regardless of the category of clustering, the high levels of
association between chronic conditions should inform healthcare
redesign with a cluster-based and multiple-condition approach.

The clusters identified may vary according to the method
employed such as the strength of clustering and the frequency
or size of the cluster. However, in our analysis there was a
high level of concordance between the three methods employed.
There is no fixed methodology for defining clusters and it is an
area that requires further research, including the methodology of
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identifying clusters and of their categorization into concordant
and discordant clusters.

Healthcare Utilization
Overall, inpatient services account for the highest increase in
health spending with a 22-fold increase between having 2 and
11 conditions whilst increments in other costs such as outpatient
services and medications were much lower at between 4- and
6- fold. This emphasizes the need for improved healthcare
delivery to achieve greater chronic disease control and secondary
prevention, as being key to cost containment in MCCs.

The value of healthcare spending per patient and patterns
of utilization vary greatly by cluster regarding relative spending
on medical vs. pharmaceutical costs, but less so between the
medical services of primary, specialist, inpatient, psychiatric,
and emergency care. The largest single category of healthcare
spending was for branded drugs in patients with the HIV/AIDS
cluster. Mental health clusters accounted for the second and
third highest healthcare spending, higher than the CVD, cancer
and renal failure clusters, and with the greatest spending,
approximately half, on outpatient services.

The decrement of relative spending in primary care with each
additional condition accrued suggests health system changes that
enable MCC patients to be managed for longer in primary care
could be hugely cost-saving. Spending on psychiatric services
was low in all clusters, even in those clusters in which mental
health disorders are present in over 95% of patients, suggesting
underutilization of psychiatric specialist services in those who
could benefit. The high overall health spending in mental health
clusters may reflect poorer management of additional chronic
conditions (10). Investment of resources to ensure that such
patients have adequate access to healthcare for their mental
health disorders is necessary to improve both the health and cost
burden in such patients.

Demographic Variation
Agewas not indicative of cost for all clusters; this finding for CVD
and renal failure in particular are noteworthy and strengthen
the case for primary prevention with a view to compression of
morbidity to older ages.

Our study did not investigate variation by socio-economic
status at individual level. Previous studies have shown in most
countries a strong, negative relationship between SES and MCC
among adults under 55 years but no consistently for adults older
than 55 years (28). Inequalities in access to CVD medications
have been shown both between countries and by income status
within countries (29).

Implications for Health Policy
Clusters are highly amenable to large improvements in health
and cost outcomes through relatively simple shifts in healthcare
delivery such as the use of joint disease guidelines that tackle
more than one common condition in a cluster, tailored screening
and prevention. Healthcare payment mechanisms in developed
countries often reward activity rather than desirable outcomes;
shifting toward payment for quality or outcomes would facilitate
better management of MCCs.

The variable clustering of certain chronic conditions more
than others warrants urgent and careful consideration in light
of the strength of such associations and the potential to
have considerable impact through relatively small shifts in
healthcare delivery. Our findings suggest mental health disorders
may warrant particular attention through further recognition,
prevention and screening practices, and disease management,
due to the increased costs of clustering with mental health
disorders. The relatively recent phenomenon of co-existence
and clustering of chronic communicable conditions, such as
HIV, with highly-prevalent NCDs, represents a serious threat
for a failure of management of these conditions and increase in
their prevalence, further complicated by poor healthcare access.
Learnings from the successful delivery of HIV programs may
be relevant to develop multiple disease frameworks, such as
integrated care for NCDs and HIV in Kenya (30) and medication
adherence clubs (31).

As many of the most frequent clusters identified in our study,
such as metabolic syndrome, CVD, mental health issues and
cancers, are highly amenable to modification, greater emphasis
should be placed on the role of primary prevention and lifestyle
behavior change to avoid the predicted rise in MCCs (32–34). A
study in India reportedMCC rates to be highest in adults with the
risk factors of alcohol (12.3%), overweight (14.1%) and central
obesity (17.1%) (23).

Future work on healthcare delivery toward MCC should
address its many challenges of disease burden, functional health,
quality of life and healthcare costs, as well as issues related
to polypharmacy.

LIMITATIONS

Although the data used in this study are US based, the
findings are likely to be representative for developing
countries which have similar disease burdens, namely death
and disability combined due to IHD, drug use disorders,
back pain and other musculoskeletal disorders, COPD, DM,
depression, lung cancer, and stroke (35). The contributors
to costs and relative costs between clusters would be similar
in developing countries as these are largely determined
by the disease burden. Other findings, such as absolute
healthcare spending may be less generalizable to other
health systems.

Certain chronic communicable conditions, such as TB, form
important clusters in LMIC (36) but without sufficient prevalence
in the US for TB, were not a focus of this study with the exception
of HIV/AIDS. The findings of this study are not envisaged
to represent healthcare costs in LMIC where communicable
conditions are prevalent.

The costs reported in this study are of total healthcare
spending as it would not be feasible to distinguish costs accrued
specifically from episodes directly related to chronic conditions.
In addition, only costs toward healthcare appearing in financial
claims were included such that other costs were not reported e.g.,
out of pocket expenses that have been reported to also increase
for MCC patients (37).
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There is no agreed taxonomy for MCCs leading to
heterogeneity in the number of conditions included and
whether those include symptoms and risk factors in addition
to disease end-points (10–13). Furthermore, the interaction
between clusters of conditions, for example concordant
vs. discordant clustering, is also important to study for
purposes of prediction and prevention of subsequent chronic
conditions (10).

CONCLUSION

In one of the most comprehensive studies to investigate MCCs,
we have reported that when applied to the US population, over
half of the adult insured population have MCCs, identified the
most important clusters and quantified the healthcare spending
for MCCs and clusters, in a representative US patient sample. We
identified that inpatient care accounts for the highest proportion
of the increased spending overall but that utilization varies greatly
by clusters, which is more predictive than other patient factors.
Specific healthcare interventions for MCCs should take into
account the local disease burden with regards to clusters. The
findings emphasis the need in any long-term strategy to focus
on primary prevention as the majority of the top clusters are
amenable to prevention through lifestyle behavior change. In
the short and medium term, health systems should focus on
secondary prevention and disease control to reduce inpatient
admissions. Greater reliance on specialist care may be necessary
due to the greater complexity of care, however this is inefficient
whilst delivered vertically for individual conditions when one in
three adults have more than one chronic condition. The goal
would be the delivery of care with a multi-disease framework
rather than one condition at a time, in primary or secondary care.
Examples of this are emerging in developing countries for HIV
and CVD (30, 31, 38).

Interventions for MCCs with proven health and cost
outcomes are lacking. Certain interventions have started
to show early impact, including the use of fixed dose

combination pills to improve medication adherence and
tackle undertreatment (39), cross-condition and symptom-
based management guidelines, and community models of
healthcare delivery (40–42). Additional research is required
to identify which interventions are impactful. Future chronic
disease prevention and control approaches should be broad and
patient-centric, taking into consideration healthcare payment
mechanisms, the use of digital technology, tools to help with
medication use and interventions to achieve positive lifestyle
change, in order to avert the alarming projections of increases
in MCCs rates.
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