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Abstract

Objective—To describe the prevalence of multimorbidity involving 20 selected chronic
conditions in a geographically defined US population, emphasizing age, sex, and ethnic
differences.

Patients and Methods—Using the Rochester Epidemiology Project (REP) records-linkage
system, we identified all residents of Olmsted County, MN on April 1, 2010, and we electronically
extracted the International Classification of Diseases, ninth revision (ICD-9) codes associated with
all healthcare visits made between April 1, 2005 and March 31, 2010 (5-year capture frame).
Using these ICD-9 codes, we defined the 20 common chronic conditions recommended by the US
Department of Health and Human Services. We counted only persons who received at least two
codes for a given condition separated by more than 30 days, and calculated the age-, sex-, and
ethnicity-specific prevalence of multimorbidity.

Results—Of the 138,858 study subjects, 52.4% were women, 38.9% had one or more conditions,
22.6% had two or more, and 4.9% had 5 or more conditions. The prevalence of multimorbidity (2
or more conditions) increased steeply with older age and reached 77.3% at ages 65 years and
older. However, the absolute number of people affected by multimorbidity was higher in those
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younger than 65 years. Although the prevalence of multimorbidity was similar in men and women
overall, the most common dyads and triads of conditions varied by sex. Compared to Whites, the
prevalence of multimorbidity was slightly higher in Blacks and slightly lower in Asians.

Conclusion—Multimorbidity is common in the general population; it increases steeply with
older age, has different patterns in men and women, and varies by ethnicity.

Introduction

Current population growth in the United States, increases in the older adult population, and
changes in disease dynamics predict major increases in the prevalence of chronic diseases
and combinations of chronic conditions (i.e., multimorbidity) and threaten both the public
health and the financial health of our country. Medical, public health, and social programs
have traditionally focused on single chronic diseases without considering the broader
context of multiple risk factors and multimorbidity. Consequently, clinical practice
guidelines focusing on a single disease may be inadequate when applied to persons with
multimorbidity and may increase polypharmacy.12 The high prevalence of multiple chronic
conditions necessitates the planning of preventive, treatment, and public health
programs.2-11

In response to this health crisis, in 2010 the US Department of Health and Human Services
(US-DHHS) developed a list of 20 conditions considered public health priorities for the
nation and created a strategic framework for optimizing health and quality of life for
individuals with multimorbidity.34 Despite national concerns, the United States has no
comprehensive, clinical records-based data sets for all ages and for all regions of the nation
in which to study multimorbidity.” Therefore, important information may come from
smaller populations for which a data collection infrastructure is in place. We used the
records-linkage system maintained by the Rochester Epidemiology Project (REP) to study
patterns of multimorbidity in a geographically defined US population with emphasis on its
distribution by age, sex, and ethnicity.12 The characterization of multimorbidity patterns in a
geographically defined population allows comparisons with other localized populations in
the United States or worldwide to investigate geographic similarities or differences. In
addition, our findings can be used to guide decisions for clinical practice or public health in
the local community. Therefore, our study has important implications for a broad number of
practitioners both locally and at the national and international level.

PATIENTS AND METHODS

Study population

The vast majority of medical care in Olmsted County, MN has been provided historically
and is currently provided by a few health care institutions: Olmsted Medical Center and its
affiliated hospital, Mayo Clinic and its two affiliated hospitals, Rochester Family Medicine
Clinic, and a few smaller care facilities. The health care records from these institutions are
linked together through the REP records-linkage system.12-14 Persons are considered
residents of Olmsted County at the time of each health care visit based on their address
(REP Census). The population counts obtained by the REP Census are similar to those
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obtained by the US Census, suggesting that virtually the entire population of the county is
captured by the system.1315 We used the REP Census to identify all individuals who resided
in Olmsted County on April 1, 2010, but we excluded those individuals who had not given
permission to use their medical records for research,13:16.17

Definition of 20 selected chronic conditions

The diagnostic indices of the REP were searched electronically to identify the International
Classification of Diseases, ninth revision (ICD-9) codes associated with any health care visit
from April 1, 2005 through March 31, 2010 (5-year capture frame). We then pooled the
ICD-9 codes to define the 20 groups of chronic conditions proposed by the US DHHS.3:4:18
The list of the 20 conditions and the corresponding ICD-9 codes used in this study are
provided in Supplemental Table 1.318

To decrease the risk of false positive diagnoses, only persons who received two codes for a
given condition separated by more than 30 days within the 5-year capture frame were
considered prevalent for a given condition. We defined multimorbidity as the presence of 2
or more of the 20 conditions in the 5 years before April 1, 2010 (the prevalence date). To
explore more complex patterns of multimorbidity, we also counted the number of people
with 5 or more of the 20 conditions within the same time frame. We used the term
multimorbidity rather than its predecessor, comorbidity, because we did not consider any
specific index condition (the 20 conditions were all treated equally).®

Statistical Analyses

The point prevalence of each chronic condition and of multimorbidity was measured using
April 1, 2010 as the prevalence date and using a 5-year capture frame (the 5 years preceding
the prevalence date).1® We also computed the age-, sex-, and ethnicity-specific prevalence
of multimorbidity defined as combinations of 2 or more chronic conditions, or of 5 or more
chronic conditions. For analyses stratified by ethnic group, we used the three most common
groups in our local population, Whites, Blacks, and Asians (as defined by the US Census).
In addition, for each age and sex group, we described the most common combinations of 2
of the 20 conditions (dyads) or of 3 of the 20 conditions (triads). Dyads and triads were
considered independently; therefore, a person with 3 of the 20 conditions was considered to
have 3 distinct dyads and 1 triad. For example, a person affected by the triad of
hyperlipidemia, hypertension, and diabetes generated three distinct dyads: hyperlipidemia
and hypertension, hypertension and diabetes, and hyperlipidemia and diabetes.

We developed a heat map to show the co-occurrence of each pair of the 18 most common
conditions using absolute frequencies. The top-left triangle of the map refers to women and
the lower-right triangle refers to men. Hotter colors (darker orange) correspond with a
higher frequency of co-occurrence (higher prevalence of a dyad). We also developed a
second heat map to show the ratios of observed versus expected frequencies of co-
occurrence (accounting for age in single-year increments). These ratios can be interpreted as
cross-sectional measures of association.1® Dyads that were observed more frequently than
expected, assuming independence, are shown in shades of orange, and dyads that were
observed less frequently than expected are shown in shades of purple (observed vs. expected
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ratio < 1.0). These heat maps were intended to explore patterns and to suggest hypotheses
rather than to test statistical associations. Therefore, concerns about multiple comparisons do

not apply.

Prevalence was directly standardized to the 2010 total US population by age and by sex
when appropriate to make comparisons (2010 US Census). Because this study covered the
target population completely, and no sampling was involved, statistical tests may not be
appropriate, and confidence intervals were not included in the tables.20-22

Description of the Olmsted County Population

Overall, the REP infrastructure identified 142,992 Olmsted County, MN residents on April
1, 2010 compared with 144,248 individuals counted by the US Census on the same day.23
Of 142,992 residents, 138,858 provided Minnesota research authorization for medical record
research (97.1%) and were included in our analyses. Figure 1 and Supplemental Table 2
show the age- and sex-specific prevalence of each of the 20 conditions considered
separately. The graphs for each condition are presented in rows in descending order of
frequency (by age- and sex-standardized prevalence).

Burden of multimorbidity by age, sex, and ethnicity

Table 1 shows the age- and sex-specific and the age-, sex-, and ethnicity-specific prevalence
of 1 or more conditions, 2 or more conditions (multimorbidity), and 5 or more conditions.
Multimorbidity increased steeply with older age and was similar in men and women (Figure
2; panel C). By contrast, the prevalence of people with 5 or more conditions was higher in
men, especially at age 60 years or older (Figure 2, panel E). Even though the prevalence of
multimorbidity increased steeply with older age, the absolute number of people with
multimorbidity was larger for ages younger than 65 years (17,838) than at age 65 or older
(13,606). This pattern was true for both men (8,436 vs. 5,961) and women (9,402 vs. 7,645).

The prevalence of multimorbidity through age 50-59 years was higher in Blacks than in
Whites, and was lower in Asians than in Whites (Figure 2, panel D). Similarly, the
prevalence of people with 5 or more conditions was higher in Blacks than in Whites and
Asians through age 50-59 years, and was higher in Whites than in Blacks and Asians after
age 60-69 years (Figure 2, panel F).

Most common dyads and triads by age and sex

Table 2 shows the most common dyads and triads of conditions by age and sex. The patterns
of dyads and triads were different in men and women and varied with age. In the younger
age groups (0-19, 20-39, and 40-49), dyads and triads including one mental condition (e.g.,
depression) were more common than in older age groups (50-59, 60-69, 70-79, and = 80).
Men experienced more dyads and triads including cancer than women. By contrast, women
experienced more dyads or triads including arthritis. Dyads or triads including depression
were more common in women than men in the age groups 50-59 and 60-69 years.
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Figure 3, panel A shows a heat map of the frequency of co-occurrence of each pair of 18
conditions in men and women separately (dyads). Autism spectrum disorder and human
immunodeficiency virus infection were excluded because they were uncommon in the
overall population. Although the overall patterns of co-occurrence were similar in men and
women, a visual inspection of the map reveals that women had more dyads including
asthma, arthritis, dementia, osteoporosis, and depression (darker orange). Men had more
dyads including coronary artery disease, cancer, and substance abuse disorders. These
differences across sex were not tested statistically.

Figure 3, panel B shows a heat map of a risk ratio obtained by dividing the observed
frequency of co-occurrence of each pair of 18 conditions (shown in panel A) by the expected
frequency of co-occurrence assuming independent probabilities (and accounting for age in
single-year increments). For example, increased risk ratios (darker orange squares) were
observed for substance abuse disorders (including drugs and alcohol but not smoking) in
combination with schizophrenia, hepatitis, depression, dementia, stroke, osteoporosis,
chronic obstructive pulmonary disease, and cardiac arrhythmias. Reduced risk ratios (purple
squares) were observed for dementia and cancer and diabetes and osteoporosis in women,
and for hepatitis and asthma, hepatitis and hyperlipidemia, and schizophrenia and cancer in
men.

DISCUSSION

Discussion of principal findings

In our study, multimorbidity was common, increased steeply with older age, and was similar
in men and women overall. However, more men than women had 5 or more conditions.
Despite the traditional focus on multimorbidity in the older adult population,®8-11 the
absolute number of people affected by multimorbidity was higher in persons younger than
65 years than in persons 65 years or older. Multimorbidity was also higher in Blacks than in
Whites, and in Whites than in Asians. The most common dyads and triads of conditions
varied with age and were different in men and women. We developed a heat map for the co-
occurrence of dyads using absolute frequencies and a heat map for the co-occurrence of
dyads relative to the expected frequency. Our medical-records based findings provide a
unique picture of multimorbidity in a geographically defined US population that emphasizes
age, sex, and ethnic differences. Therefore, our findings have implications for clinical
practice and for etiologic research both in the local community and at the national and
international level.

Some of our findings deserve further comment and may suggest important directions for
future research. First, although the prevalence of one or more, or of two or more conditions
was similar in men and women, the prevalence of 5 or more conditions was higher in men
older than age 60 years. This pattern may be explained by a higher risk to develop more
complex combinations of multimorbidity in men than in women or by an improved survival
in men with more complex multimorbidity. For example, for men living at home, the
presence of a surviving spouse may improve care and thus increase their survival. By
contrast, an older woman with 5 or more conditions is less likely to receive care from a
surviving husband. Second, although the prevalence of multimorbidity increased with age,
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the absolute number of persons affected by multimorbidity was higher in persons younger
than age 65 years. This pattern has several implications. From a clinical practice perspective,
physicians involved in primary care need to consider the co-occurrence of conditions at all
ages, not just in the geriatric population. In addition, multimorbidity among younger persons
may be particularly important as a target for preventive interventions. Both the causes and
the consequences of multimorbidity may be different depending on the age at which it
develops. The timing of preventive interventions may be crucial.

Third, we observed some important ethnic differences. It remains unclear to which extent
these differences are related to a different risk of developing multimorbidity, to a different
probability of being diagnosed and coded in our system, or to a different survival after
multimorbidity has developed. We plan to conduct further studies to address these
unresolved questions. Fourth, although the overall prevalence of two or more conditions was
similar in men and women, some combinations (dyads or triads) were more common in men
and some in women. These dimorphic patterns may result from sex related differences such
as genetic differences (e.g., XX vs. XY chromosomes), hormonal differences (e.g., effects of
estrogen or testosterone), or reproductive differences (e.g., pregnancies or menopause). In
addition, they may result from gender related differences in personality or behavior
(subjective component of gender) or from differences due to social, cultural, and legal
factors (societal component of gender). 2425 The effects of sex and gender on
multimorbidity are an important area for future research.

Some of the most common dyads or triads observed in the age groups 60-69, 70-79, or = 80
years involved hyperlipidemia, hypertension, diabetes, and coronary artery disease. These
combinations were expected given the high frequency of the individual conditions and have
already been recognized in clinical practice. 2627 Some of these conditions represent various
elements of linked disease processes that are already managed synergistically, and there is
less need for clinical transformation or changes in clinical guidelines.26:27 However, some
other combinations of conditions are not yet widely recognized, and their recognition may
prompt a transformation of our care delivery practices. Some of these combinations were
different in men and women; for example, dyads and triads including arthritis and
osteoporosis were more common in women and dyads and triads including cancer were
more common in men.

The combinations of some less common conditions may be clinically important or may have
research implications. For example, arrhythmia and osteoporosis occurred together in 0.2%
of men and 1.0% of women (Figure 3, panel A). This co-occurrence may have a mechanistic
explanation mediated by drug use (increased risk of atrial fibrillation in subjects treated with
bisphosphonates, particularly with intravenous preparations).28 Recognition of this
association may help in guiding approaches to modifing the treatment strategy for
osteoporosis in some patients.

Our results for dyads and triads in the population younger than age 60 years are particularly
interesting because clinical records-based data are limited for this segment of the US
population.” In the age groups 0-19, 20-39, 40-49, and 50-59 years, many of the most
common dyads and triads included mental disorders. For example, the dyad of depression
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and substance abuse disorders in men had a prevalence of 0.3% at age 0-19, 2.4% at age
20-39, and 2.6% at age 40-49 years. The prevalence for women was 0.4% at age 0-19 and
2.2% at age 20-39 (Table 2). All of the 5 most common dyads and the 5 most common triads
in the age group 20-39 years included depression in women but not in men. The triad
including depression, substance abuse disorders, and asthma was the most common in men
and women age 0-19 years. The second most common triad in men age 20-39 was
depression, substance abuse disorders, and schizophrenia (0.3%). Other authors have
emphasized that mental disorders are common in people younger than age 60 years who
have other physical chronic conditions,29-32

Figure 3, panel A is useful to represent the burden of multimorbidity in terms of absolute
frequency. Thus, the hotter squares (darker orange) indicate the dyads of conditions that
community physicians or geriatricians encounter more frequently in practice. These patterns
may inform medical practice and the delivery of care; however, they may be misleading if
used to understand the mechanisms of developing multimorbidity. Two etiologically
unrelated conditions will co-occur simply because they are common (joint probability of two
independent events). These descriptive patterns in Olmsted County can be compared with
the patterns observed in other localized populations in the United States or worldwide to
investigate similarities or differences possibly related to environmental, genetic,
socioeconomic, or cultural differences. In addition, these patterns can be used locally for
health needs assessments (e.g., Olmsted County, Minnesota Community Health Needs
Assessment: http://www.co.olmsted.mn.us/OCPHS/reports/Documents/Community
%20Health%20Needs%20Assessment%202013.pdf), for surveillance (e.g., study of trends
over time or assessment of the impact of community interventions), and for targeting
preventive efforts and clinical services to the local community. Therefore, we envision that
our findings will have an impact both locally and more generally at the national and
international level.

The heat map of Figure 3, panel B shows the co-occurrence of conditions above and beyond
what is expected simply by their frequency. This map shows hotter squares (orange) for
pairs of conditions that co-occur more frequently than expected, and indicate diseases that
may be causally related (e.g., hypertension and stroke) or that may share a common cause or
pathogenetic mechanism (e.g., stroke and congestive heart failure). Even though our
analyses were cross-sectional, and we did not explore which one of two conditions in a
given dyad came first, our findings are useful for generating hypotheses. Some of the hot
squares have been previously reported or are clinically predictable (e.g., the association of
dementia with depression, of asthma with chronic obstructive pulmonary disease, or of
substance abuse disorders with hepatitis or with chronic obstructive pulmonary disease).
Some other hot squares are less predictable and may prompt the design of studies to test new
hypotheses (e.g., the association of chronic kidney disease with hepatitis or with substance
abuse disorders). Interestingly, cancer and dementia, and diabetes and osteoporosis occurred
together less frequently than expected in women, and hepatitis and asthma, hepatitis and
hyperlipidemia, and schizophrenia and cancer in men (purple squares). However, the
analyses shown in Figure 3, panel B should not be interpreted as hypotheses testing and
some of the findings may simply be due to chance.
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Comparison with other studies

A large number of individual studies and reviews regarding multimorbidity have been
published both in Europe and the United States.>8-11 However, comparisons across studies
remain problematic because there is limited consensus on the number and type of conditions
to be considered, the source of diagnoses (interview vs. medical records), and the window of
capture for chronic diseases (within 1 year, 2 years, 5 years, or lifelong before the
prevalence date). We elected to compare our study with two other studies that were similarly
based on medical records data (specifically, billing codes) and that used comparable
definitions of multimorbidity.>:11

First, we compared our prevalence of multimorbidity for people aged 65 and older with the
prevalence reported using national data from the Centers for Medicare and Medicaid
Services (CMS).> To improve comparability, we re-calculated our prevalence figures
restricting the list to 15 conditions, restricting the window of capture of morbidities to 1 year
(April 1, 2009 — March 31, 2010), and accepting all subjects who received at least one code
for each specific condition as was done in the CMS study. We initially compared the
prevalence of the conditions considered separately in Olmsted County to the CMS data.
Supplemental Table 3 shows the results for 15 conditions. For some of the conditions, the
prevalence in persons 65 or older was comparable (hypertension, hyperlipidemia, diabetes,
arthritis, depression, chronic kidney disease, osteoporosis, chronic obstructive pulmonary
disease, asthma, and stroke). For some conditions, our estimates were lower despite the use
of similar codes (coronary artery disease and heart failure). The prevalence of dementia was
lower in our population than in the CMS data even though the CMS study included only
Alzheimer's disease and we also included other types of dementia. It remains unclear
whether the lower prevalence of some conditions in Olmsted County may be caused by
some residual methodological differences between the two studies, or it may be a genuine
finding. It is conceivable that differences in socioeconomic factors, access to medical care,
and local health promotion and preventive initiatives may explain part of these differences.
For other conditions, the codes used in the two studies were different and the prevalence was
not comparable (cardiac arrhythmias and cancer). These comparisons emphasize the
importance of reaching consensus on the specific list of ICD-9 codes used to define each
condition.3

Next, we compared the prevalence of multimorbidity. The findings in Olmsted County were
similar to the findings from CMS despite the differences observed for some of the
conditions considered separately. The prevalence of multimorbidity was 62.0% nationally
and 62.4% in our study at ages 65-74 years, was 75.7% nationally and 74.6% in our study at
ages 75-84 years, and was 81.5% nationally and 76.2% in our study at ages 85 years or
older.5 The similar prevalence for older persons in our study and in the national study
suggests that our findings for younger persons (< 65 years) may also be generalizable to the
US population. Our findings may be particularly useful for this segment of the population,
because clinical-records based data about multimorbidity in younger age groups are limited
in the United States.” In the absence of more general data at the national level, our findings
may be used to guide decisions in clinical practice or public health.
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Our findings were also comparable to those from a recent study in Scotland, UK. In the UK
study, multimorbidity increased steeply with older age and was higher in women than in
men overall.11:33-35 Despite some important differences in the number of conditions
considered and in the capture frame (5 years in our study vs. a variable frame of 1 year, 5
years, or lifelong in the UK study), our findings were comparable to the UK findings. Both
the UK study and our study showed that the absolute number of people with multimorbidity
was greater in persons younger than 65 years than in persons 65 or older, although older
people may be more likely to experience functional consequences from multimorbidity.36

Strengths and Limitations

Strengths of our study include access to medical record data (specifically, billing codes) on
all conditions for an entire population, across age, sex, and ethnic groups regardless of
insurance status, socioeconomic status, and care delivery setting. Because data were
generated prospectively as part of routine medical care, patients were not involved in
remembering or correctly reporting medical events or diagnoses. Medical records data are
often difficult to obtain in the United States because there is no centralized health care
surveillance system. In 2013, Wallace and Salive recognized that in the United States, there
are no comprehensive, clinical records-based data sets for all ages and for all regions.”

One limitation of our study, which is shared with many other similar studies, is the limited
validity of ICD-9 codes. Previous REP studies have shown that codes may be assigned in
error, and manual review of the medical records is often needed to ascertain whether a
person truly has the disease or condition of interest.3”-41 We limited false positive diagnoses
by requiring at least two diagnostic codes separated by more than 30 days for each
condition. Another limitation was the cross-sectional nature of our analyses. Thus, we were
unable to study the chronological directionality of dyads and triads of conditions. Our aims
were descriptive and exploratory rather than hypothesis testing. Finally, our population
included a lower percent of Black and Asians than other populations in the United States. 1°

CONCLUSION

We described the prevalence of 20 chronic conditions across all age groups, in men and
women separately, and across ethnic groups in the Olmsted County population.
Multimorbidity is common in the general population; it increases steeply with age, has
different patterns in men and women, and varies by ethnicity. Our findings have
implications both for clinical practice and for etiologic research. On the one hand, our
findings may inform the transition from single diagnosis-based guidelines to patient-based
guidelines that also reflect differences in men and women.124 On the other hand, our
findings may indicate areas in which to focus etiologic research on causes and consequences
of chronic conditions.28

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

ARR cardiac arrhythmias

ART arthritis

AST asthma

AUT autism spectrum disorder

CAD coronary artery disease

CAN cancer

CCcC Clinical Classification Codes

CHF congestive heart failure

CKD chronic kidney disease

CMS Centers for Medicare and Medicaid Services
COPD chronic obstructive pulmonary disease
DEM dementia

DEP depression

DIA diabetes

HEP hepatitis

HIV human immunodeficiency virus

HTN hypertension

ICD-9 International Classification of Diseases, Ninth Revision
LIP hyperlipidemia

OSsT osteoporosis

REP Rochester Epidemiology Project

STR stroke

SUB substance abuse disorders

SzZ0 schizophrenia

US-DHHS United States Department of Health and Human Services
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Age- and sex-specific prevalence (per 1,000 population) of the 20 chronic conditions
considered separately. We used the same age groups as used in Tables 1 and 2 and in
Supplemental Table 2; prevalence figures were plotted at the mid-point of each interval
(e.g., at 10 years for 0-19 years). We used different scales for the y-axis to better show the
age and sex patterns. Therefore, the magnitude of the differences cannot be compared across
conditions (e.g., asthma vs. HIV). The 20 panels are presented by rows in decreasing order
of frequency (by overall age- and sex-standardized prevalence).
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Figure 3.
Panel A, heat map of the burden of multimorbidity in terms of absolute frequency. The

number in each square is the percent of co-occurrence in the overall population (all ages
combined). The 18 conditions are listed on the X and Y axes of both panels in order of
frequency. Panel B, heat map of the risk ratios obtained by dividing the observed frequency
of each pair of 18 conditions by the frequency expected assuming independent probabilities.
The ratios provide a cross-sectional measure of association. Autism spectrum disorder and
human immunodeficiency virus infection were excluded in both panels because they were
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uncommon in the overall population. The color scale used for each panel is shown on the
right. Values for men are shown in the lower right triangle, and values for women are shown
in the upper left triangle. Definition of acronyms or abbreviations in order of frequency: LIP
= hyperlipidemia; HTN = hypertension; DEP = depression; DIA = diabetes; ART = arthritis;
CAN = cancer; ARR = cardiac arrhythmias; AST = asthma; CAD = coronary artery disease;
SUB = substance abuse disorders; COPD = chronic obstructive pulmonary disease; OST =
osteoporosis; CKD = chronic kidney disease; STR = stroke; CHF = congestive heart failure;
DEM = dementia; SZO = schizophrenia; HEP = hepatitis.
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