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The Prevalence of Chronic Diseases and Multimorbidity
in Primary Care Practice: A PPRNet Report
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Introduction: Multimorbidity (multiple chronic illnesses) greatly affects the delivery of health care and
assessment of health care quality. There is a lack of basic epidemiologic data on multimorbidity in the
United States. This article addresses the prevalence of 24 chronic illnesses and multimorbidity from

primary care practices across the United States.

Methods: This cross-sectional study was conducted in the PPRNet, a practice-based research network
among 226 practices in 43 states that maintains a clinical database derived from a common electronic
health record. Practices providing data as of October 1, 2011, and their active adult patients comprised
the population used for analyses. The prevalence of each chronic illness and multimorbidity were calcu-

lated.

Results: Included in these analyses were 148 practices with 667,379 active patients. Median preva-
lence across practices ranged from 35.8% for hypertension to 0.23% for Parkinson disease, with wide
variability among practices for all conditions. Multimorbidity increased steeply with age, leveling off at
age 80; overall, 45.2% of patients had more than one chronic illness.

Conclusion: Multimorbidity is a prevalent problem in primary care practice, a finding with implications for
health care delivery and payment, quality assessment, and research. (J Am Board Fam Med 2013;26:518-524.)
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More research is needed for complex patients, spe-
cifically those with multiple chronic conditions
(multimorbidity). Two thirds of health care costs
are spent on patients with more than one chronic
condition." Multimorbidity also affects the assess-
ment of health care quality, since practice guide-
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lines for single conditions typically do not incorpo-
rate implications of comorbidity.?

Efforts to study multimorbidity in the United
States are hampered by a lack of current basic
epidemiologic data. A recent review revealed that
no prevalence studies have been done in US pri-
mary care practices and the 4 general population
surveys are 11 to 28 years old.> A 2005 prevalence
study of Medicare beneficiaries, which demon-
strated that 20% had =2 chronic conditions, was
limited by its inclusion of only 6 conditions®; a
1999 sample found that 64.7% and 42.9% had =2
and =3 chronic conditions, respectively.’

PPRNet, a national primary care practice-based
research network, founded in 1995,° now comprises
226 practices in 43 states. The PPRNet database is
unique among US practice-based research networks;
it is derived from the Practice Partner electronic
health record (EHR) (McKesson Corp, San Fran-
cisco, CA) used by member practices. The database
contains anonymized demographic and clinical data
and is updated quarterly through automated data ex-
tracts.
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In this article we present analyses from the
PPRNet database on the prevalence of 24 common
chronic diseases, the prevalence of multimorbidity,
and the association of multimorbidity with age. To
our knowledge, this is the first such report from
primary care practices in the United States and is
timely given the renewed enthusiasm for invigorat-
ing primary care’ and the importance of caring for
patients with multimorbidity in this setting.®

Methods

This study was a cross-sectional analysis of the
PPRNet database as of October 1, 2011. Practices
that had begun use of the Practice Partner EHR on
or after January 1, 2010, were excluded from the
analyses because they might not have had sufficient
time to update problem lists for their patients.
Practices whose primary specialty was not family
practice or general internal medicine or those with
fewer than 100 active patients =18 years old also
were excluded. Patients were defined as active in
the practice if there was a progress note recorded in
their record within 1 year of October 1, 2011. We
excluded patients <18 years old, given that the
conditions assessed largely affect adults; thus, all
active adult patients were included.

Demographic data and all active diagnoses re-
corded on the EHR problem (major and other) and
diagnoses lists were included in the analyses. Since
the EHR allows free text in these lists, many diag-
noses do not have accompanying diagnostic codes.
PPRNet employs both data-mapping computer al-
gorithms using SAS software (SAS, Inc, Cary, NC)
for pattern matching and expert review to assign
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) codes to these
diagnoses.” For example, for hypertension, the
computer algorithm searches all problem and diag-
nosis lists for any of 292 discrete text strings (3 of
which are “HTN”, “HYPERTNS”, “MALIGN
HYPERT™), assigns an associated code for hyper-
tension, and flags appropriate entries for human
review and corroboration. For the chronic condi-
tions included in this article, we have determined
that, compared with review by a clinician, our ap-
proach has at least 99% sensitivity and 99% spec-
ificity for identification of these conditions from
diagnoses lists. The chronic conditions included in
this report are listed in Table 1.

Analyses were performed at both the patient and
practice levels. The prevalence of each condition

was calculated by dividing the number of patients
with the condition by the number of active patients.
The prevalence of morbidity burden, defined as the
number of chronic conditions, was calculated by
dividing the number of patients with each morbid-
ity burden (eg, 0, 1, 2, . . ., 23) by the total number
of active patients. Multimorbidity was alternatively
defined as the presence of =2 or =3 chronic con-
ditions. The prevalence of multimorbidity was cal-
culated for the entire population and stratified by
age and sex. To illustrate the relationship between
age and prevalence of multimorbidity, hierarchical
logistic regression models were constructed using
patient-level data. Models were stratified by sex and
multimorbidity definition, and fourth-degree poly-
nomial effects of age (divided by 10) were included
in each of the models because these models pro-
vided the best fit (as measured using the models’
generalized x* goodness of fit statistics) when com-
pared with models using polynomial effects of
other degrees (eg, 1, 2, 3, or 5). To determine
which conditions tended to cluster with each other,
additional hierarchical logistic regression models
were constructed, with separate models for each of
the 276 pairwise combinations of the 24 conditions.
For each of these models, an odds ratio (OR) was
calculated to quantify the degree of association
(clustering) between the 2 conditions of interest.
ORs >8.0 were considered to be indicative of a
strong degree of clustering.

All models were constructed using SAS software
version 9.3 (SAS, Inc.) Proc GLIMMIX and ac-
counted for clustering of patients within practices
using random practice effects with compound sym-
metry covariance structures.

Results

As of October 1, 2011, 172 practices provided data.
Eight practices that had begun comprehensive use
of the Practice Partner EHR on or after January 1,
2010, were excluded, as were 11 whose primary
specialty was not family practice or general internal
medicine and 5 because they had fewer than 100
active adult patients. Remaining in the analyses
were 148 practices with 667,379 active adult pa-
tients. Specialty distribution among the 148 prac-
tices was 77.0% family practice, 16.2% internal
medicine, and 6.8% combinations of primary care
specialists and other physicians. Among the pa-
tients, 58.2% were women and 41.7% were men;
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Table 1. Prevalence of Chronic Conditions Among 667,379 Active Patients and 148 Practices as of October 1, 2011

Chronic Condition

ICD-9-CM Codes*

Prevalence Among Practices,
median % (10th, 90th
percentile)

Prevalence Among
All Patients, % (n)

Hypertension
Hyperlipidemia
Depression

Gastroesophageal
reflux

Diabetes mellitus
Obesity
Osteoarthritis
Asthma

Osteoporosis and
osteopenia

Migraine

Coronary disease

Atherosclerosis

Chronic obstructive
pulmonary disease

Chronic kidney disease

Cerebrovascular
disease

Atrial fibrillation

Heart failure
Alcohol use disorders
Dementia

Peptic ulcer
Chronic liver disease

Epilepsy
Rheumatoid arthritis

Parkinson’s disease or
syndrome

362.11, 401, 402, 403, 404, 405, 437.2, 997.91
272.0-272.1, 272.3, 272.4, 277.7

290.13, 290.21, 296.2, 296.3, 298.0, 300.4, 311
530.11, 530.81, 530.85

250, 357.2, 362.0, 366.41

278.09, 278.01, 278.03, 278.8, V85.3, V85.4
715, 721 (excluding 721.7, 721.8)

493 (excluding 493.81)

733.0, 733.90 (with text indicating osteopenia)

346

410, 411, 412, 413, 414, 429.7, P36.0, P36.1,
P36.3, V45.81, V45.82

290.4, 433, 434, 435, 436 437.0, 437.8, 437.9,
438, 440, 441, 442, 443, 444, 445, P38.12,
P38.44, P39.22, P39.24, P39.25, P39.28,
P39.29, V12.54

491, 492, 496

250.4, 285.21, 403, 404, 581, 582, 583, 585, 586,
587, 588, 996.73, V42.0, V45.1

290.4, 430, 431, 432, 433, 434, 435, 436, 437,
438, 439, P38.12, P38.44, V12.54

427.31

402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, 428

291, 303, 305.0, 357.5, 425.5, 535.3, 571.0-571.3,
790.3, 980.0, 980.9, P94.62

046.1, 290, 291.2, 292.82, 294.1, 330.1, 331.0,
331.1, 331.2, 331.82

531, 532, 533, 534, V12.71

070.22, 070.23, 070.32, 070.33, 070.44, 070.54,
155, 197.7, 571.2, 571.4, 571.5, 571.6, 571.8,
571.9, 572.2, 572.4, 572.8, 996.82, P50.4,
P50.59, V10.07, V42.7

345
714
332.0

33.51 (223,653)
32.97 (220,053)
18.67 (124,596)
14.93 (99,658)

35.77 (22.62, 53.63)
34.74 (20.40, 55.70)
20.15 (9.47, 30.37)
15.63 (6.49, 27.39)

11.93 (79,641)
11.90 (79,407)
9.93 (66,255)
8.73 (58,900)
6.55 (43,700)

12.80 (6.72, 20.31)
9.66(3.31, 25.92)
8.95 (2.47,21.20)
7.99 (4.84, 14.27)
5.51(1.96, 12.74)

5.66 (37,756)
4.92 (32,867)

5.42 (2.70,9.75)
4.76 (1.50, 10.89)

4.74 (31,638) 4.11 (1.4, 11.16)

4.35 (29,005) 4.02 (1.37,9.29)

3.37 (22,496) 2.55 (0.87, 8.73)

2.88(19,227) 2.44 (0.88, 6.78)

2.17 (14,487) 2.07 (0.69, 4.49) §

1.68 (11,241) 1.67 (0.50, 3.76) =
S

1.29 (8594) 1.30 (0.43, 3.01) :

1.10 (7361) 0.93 (0.27, 2.47)

1.09 (7242) 0.94 (0.19, 2.26)

1.04 (6951) 0.82 (0.27, 2.55)

1.03 (6893) 1.01 (0.36, 1.74)

0.95 (6357) 0.91 (0.37, 1.76)

0.28 (1886) 0.23 (0.00, 0.67)

*The International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes were either included in the
database diagnoses lists or derived by the PPRNet algorithms (see text). P set before a number indicates a procedure code. Codes used
but not listed include G-codes used for quality reporting and procedure codes used for procedures unique to a diagnosis (eg, diabetic

eye examination, gastric bypass for obesity).

sex was not recorded for 0.1% of the patients. The
age distribution was 18 to 34 years old, 23.8%; 35
to 44 years old, 15.9%; 45 to 54 years old, 19.4%;
55 to 64 years old, 18.8%; 65 to 74 years old,
12.1%; 75 to 84 years old, 7.0%; and =85 years
old, 3.0%.

Table 1 shows patient- and practice-level varia-
tion in prevalence among and within the 24 chronic

conditions studied. The most common diagnoses,
affecting nearly one third of the patients, were
hyperlipidemia and hypertension. Depression was
diagnosed in nearly one fifth of all patients and
gastroesophageal reflux disease (GERD) in nearly
one sixth. There was substantial variability in the
prevalence of many conditions among practices,
with 2- to 12-fold variations between the 10th and
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Table 2. Number of Chronic Conditions Among
667,379 Active Patients and 148 Practices as of
October 1, 2011

Chronic Prevalence Among Practices,
Conditions  Patients in All Median (10th, 90th
(n) Practices, % (n) Percentile)

0 34.65 (231,235) 30.11 (14.02, 47.66)
1 20.10 (134,136) 19.76 (12.88, 24.92)
2 14.89 (99,367) 15.47 (12.01, 18.59)
3 11.18 (74,586) 11.86 (7.61, 15.48)
4 7.67 (51,163) 8.44 (4.00, 12.76)
5 4.89 (32,652) 5.36(1.93, 9.90)

6 2.97 (19,821) 3.07 (0.94, 6.54)

7 to 23 3.66 (24,419) 0.31 (0.04, 1.05)

90th percentiles. For some conditions, such as hy-
pertension, hyperlipidemia, GERD, diabetes, de-
pression, and asthma, the variations were 2-to
3-fold; for others such as peptic ulcer, osteoarthri-
tis, dementia, chronic renal disease, and chronic
liver disease, the variations were 9-fold or more.

Table 2 displays the morbidity burden among all
patients and across practices. Almost two thirds of
all patients had one or more chronic conditions.
Defined as the presence of =2 chronic conditions,
45.2% of patients would be considered to have
multimorbidity; using the definition requiring the
presence of =3 chronic conditions, 30.3% have this
designation. Across the practices, findings were
similar, indicating that caring for patients with
multimorbidity is common in primary care.

Table 3 shows multimorbidity by age group and
definition and Figure 1 shows it by age, sex, and

definition. As expected, multimorbidity, irrespec-
tive of how it is defined, increased with age and is
similar among men and women at the same age. In
the youngest age group, multimorbidity was un-
common. By age 50, the prevalence of multimor-
bidity is about 40% if defined as =2 chronic con-
ditions and about 25% if defined as =3 chronic
conditions. By age 80, multimorbidity was present
in at least two thirds of the sample, regardless of its
definition.

In all the hierarchical logistic regression models,
the linear, quadratic, cubic, and quartic effects of
age were highly statistically significant (P < .0001),
indicating that the shapes of the curves of multi-
morbidity prevalence as a function of age can best
be expressed with 4th degree polynomials. Age-
and sex-specific prevalence rates as estimated by the
logistic regression models are illustrated in Figure
1; as the graph depicts, multimorbidity seems to
increase curvilinearly with age, plateauing at about
age 85 and becoming less common for those aged
90 to 100 years.

Eighteen diagnostic pairs were strongly associ-
ated with each other. Most of these strong associ-
ations were expected. Four occurred because cer-
tain diagnoses contain multiple conditions. For
example, the diagnosis of hypertensive chronic kid-
ney disease (ICD-9-CM code 403) incorporates
hypertension and chronic kidney disease. Similarly,
vascular dementia ICD-9-CM code 290.4) incor-
porates cerebrovascular disease and dementia.
Other strong associations were found between ath-
erosclerosis and hypertension, coronary heart dis-

Table 3. Prevalence of Multimorbidity by Age and Definition Among All 667,379 Active Patients and 148 Practices

as of October 1, 2011

=2 Chronic Conditions

=3 Chronic Conditions

Patients in All

Prevalence Among

Patients in All

Prevalence Among

Chronic Conditions,

Age (Years) Practices* Practices’ Practices* Practices’ Median (IQR)
18-34 13.85(22,025) 14.21 (6.58, 28.98) 4.97 (7911) 4.93 (1.86, 13.60) 0 (0-1)
35-44 29.83 (31,683) 32.50(16.47, 55.43) 15.10 (16,032) 15.73 (6.58, 34.54) 1(0-2)
45-54 44.82 (58,022) 47.48 (26.69, 69.97) 26.88 (34,794) 27.90 (11.76, 50.78) 1(0-3)
55-64 61.00 (76,684) 66.01 (41.19, 81.93) 71.92 (52,594) 44.62 (24.20, 65.33) 2(1-4)
65-74 74.30 (59,902) 78.74 (54.12,91.57) 57.35 (46,231) 60.63 (35.55,79.34) 3(1-4)
75-84 80.99 (37,668) 87.26 (60.32, 96.50) 67.51 (31,402) 73.79 (42.80, 88.39) 4(2-5)
=85 80.82 (16,024) 87.30 (61.55, 98.34) 68.99 (13,677) 75.66 (44.09, 92.69) 4 (2-6)

*Data are % (n).

"Data are median (10th, 90th percentile).
IQR, interquartile range.
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Figure 1. Multimorbidity prevalence by age, stratified by sex. Prevalence rates were estimated using hierarchical

logistic regression models (see Methods for details).
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ease (CHD), diabetes mellitus, and hyperlipidemia;
between atherosclerosis, CHD, and congestive
heart failure (CHF); between atrial fibrillation and
CHEF; between CHF and chronic obstructive pul-
monary disease; between CHD and hyperlipid-
emia; and between Parkinson disease and dementia.

Discussion

This report on the prevalence of 24 common chronic
illnesses and multimorbidity among 667,379 patients in
148 primary care practices is the first such study in
the United States. Although there was considerable
variability in the prevalence of specific conditions
and the prevalence of multimorbidity, the most
salient finding is that multimorbidity is a common
presentation in primary care practice. Indeed, for
most practices it is more likely that a patient will
have multimorbidity than only one or no chronic
problems.

These finding emphasizes the challenges faced
by primary care clinicians as they endeavor to in-
corporate acute care, preventive services, chronic
disease management, and behavioral health in their
care delivery portfolios. Most clinical guidelines do
not currently incorporate specific recommenda-
tions for patients with comorbidities.'® There is
also limited evidence of the effectiveness of inter-
ventions to improve care for patients with multi-
morbidity, and identifying these patients is a req-
uisite first step when designing interventions and

60 70 80 90 100
Age

developing guidelines to improve their outcomes."'
From a policy perspective, this study also supports
recent discussion of the need to focus care of indi-
viduals with multimorbidity on patient-centered
goals, adopt quality measures to reflect this focus,
and align clinical systems and payment mechanisms
to support such care.'?

Given the absence of similar studies from pri-
mary care practice settings, it is challenging to
compare our findings with others. Many studies
use self-reported data rather than analyses of
practice records and others are based on samples
of practice records. Nonetheless, our reported
chronic condition prevalences were similar to
those in other studies for hypertension, hyperlip-
idemia, and asthma or chronic obstructive pul-
monary disorder,"’ atrial fibrillation,'* coronary
disease,’” depression,'® diabetes,'” epilepsy,'®
GERD,' heart failure,? symptomatic osteoar-
thritis,”' peptic ulcer disease,’” and rheumatoid
arthritis.”> Compared with national estimates,
the prevalence of alcohol use disorders’* and
chronic kidney disease?’ is lower in our popula-
tion. There is limited comparable data for mi-
graine and Parkinson disease, and data for demen-
tia and osteoporosis or osteopenia’® are for
noncomparable age groups. Our findings on the
prevalence of multimorbidity are comparable to
earlier primary care studies from the Netherlands®’
and Canada.”®
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There are several important limitations to this
study. PPRNet practices represent a nonrandom
sample of users of a common EHR, and our find-
ings may not be generalizable to all US primary
care. As with all record reviews—EHR or other-
wise—findings are dependent on the fidelity with
which actual patient diagnoses are recorded. It may
be that primary care clinicians chose not to include
in the EHR chronic conditions treated by physi-
cians outside of their practice. Measures of multi-
morbidity are sensitive to the number of chronic
conditions included in the study, and this study did
not include some important conditions, such as
anxiety disorders and malignancies.”” Despite these
limitations, our findings that most chronic diseases
and multimorbidity prevalence were similar to
those found in other studies is reassuring. In addi-
tion, a recent review suggested including =12
chronic diseases to calculate a stable measure of
prevalence’; our approach, using 24 chronic dis-
eases, clearly meets this criterion.

Our observation that multimorbidity seemed to
plateau at age 80 and decline beginning at age 90 is
puzzling. It may be that once patients reach these
ages, their physicians no longer endeavor to make
or record new chronic illnesses. It could also be that
patients with extended longevity tend to be less ill
than those who die at younger ages.

In any study of comorbidity, it is important to
consider the issue of definition. Although in this
study we chose the definition of either =2 or =3
chronic conditions, an alternative is simply to use
counts of conditions and represent comorbidity as a
continuous rather than categorical variable.’® This
approach is easy to adopt with databases such as the
one we use in PPRNet.

Conclusion

This report from primary care provides practice-
based estimates about the prevalence of 24 chronic
conditions and confirms that multimorbidity is
common in these settings. Its findings should help
inform further research, the development of quality
metrics and health care policy, and the care of
patients with multimorbidity.
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