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ABSTRACT

OBJECTIVES: Children with multiple complex chronic conditions (MCCs) represent a small fraction of
our communities but a disproportionate amount of health care cost and mortality. Because the temporal
trends of children with MCCs within a geographically well-deﬁned US pediatric population has not
been previously assessed, health care planning and policy for this vulnerable population is limited.
METHODS: In this population-based, repeated cross-sectional study, we identiﬁed and enrolled all
eligible children residing in Olmsted County, Minnesota, through the Rochester Epidemiology Project,
a medical record linkage system of Olmsted County residents. The pediatric complex chronic
conditions classiﬁcation system version 2 was used to identify children with MCCs. Five-year period
prevalence and incidence rates were calculated during the study period (1999–2014) and characterized
by age, sex, ethnicity, and socioeconomic status (SES) by using the housing-based index of
socioeconomic status, a validated individual housing-based SES index. Age-, sex-, and ethnicity-adjusted
prevalence and incidence rates were calculated, adjusting to the 2010 US total pediatric population.
RESULTS: Five-year prevalence and incidence rates of children with MCCs in Olmsted County
increased from 1200 to 1938 per 100 000 persons and from 256 to 335 per 100 000 person-years,
respectively, during the study period. MCCs tend to be slightly more prevalent among children with
a lower SES and with a racial minority background.
CONCLUSIONS: Both 5-year prevalence and incidence rates of children with MCCs have
signiﬁcantly increased over time, and health disparities are present among these children.
The clinical and ﬁnancial outcomes of children with MCCs need to be assessed for
formulating suitable health care planning given limited resources.
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The National Academy of Medicine
reported that 1% and 5% of the US
population spent 23% and 50%, respectively,
of the total health care expenditure in
2014, highlighting that a small proportion
consumes a large proportion of health care
resources.1 Children with multiple complex
chronic conditions (MCCs) are recognized
as a focus population for improvement in
health care systems because they constitute
a small fraction of our communities yet
represent a disproportionate amount of
health care costs and mortality.2–21 Children
with MCCs represented more than onequarter of children in the top 5% of
Medicaid spending in 2010.20 In addition,
children who are hospitalized with MCCs
have a threefold longer hospital length of
stay, 11-fold greater charges, and 15-fold
higher inpatient mortality compared with
children who are hospitalized without
MCCs.3 Therefore, addressing the needs of
children with MCCs and improving their
outcomes while containing costs are
national and local research priorities.22,23
Despite the burden of MCCs on children,
families, communities, and health care
systems, the epidemiological assessment of
children with MCCs within a geographically
deﬁned pediatric US population has not
been previously performed. Although
valuable, the extant literature is limited to
cohorts derived from databases
originating from health care use,* payer
source,4,7–10,14,20,30–33 death certiﬁcates,34–37
and national surveys.38,39 Furthermore, the
reported prevalence for chronic disease in
children is widely variable (0.2%–44%)
because of considerable heterogeneity in
study deﬁnitions, designs, populations, and
conditions.40 In studies in which the lower
range of prevalence estimates of children
with chronic disease are reported, the
authors use deﬁnitions that do not include
all chronic diseases (complex chronic
disease, etc). Previous population-based
studies include work by Ralston et al,7 in
which the authors assessed hospital
variation in health care use by children
with medical complexity in northern New
England, and work by Cohen et al,29,41 in
which the authors described both patterns
*Refs 2, 3, 5–7, 11–13, 15–18, 24–29.

and costs of health care use of children with
medical complexity and residential
movement patterns of families of young
children with chronic conditions in Ontario,
Canada. At present, the epidemiological
proﬁle for children with MCCs over time in a
well-deﬁned pediatric population by using
comprehensive electronic medical records
(EMRs) and individual-level socioeconomic
status (SES) background has not been
assessed. Because epidemiological proﬁles
are often used to determine population
needs, this knowledge provides an
important basis for understanding the
nature of children with MCCs to mitigate
the burden and improve outcomes.
To address this knowledge gap, we sought
to determine the prevalence and incidence
of MCCs in children living in a mixed
urban-rural community and examine
temporal trends over the past 15 years.
To address the limitations of previous
studies, children in our study population
were characterized by age, sex, ethnicity,
and SES by using a uniﬁed recordslinkage system,42,43 an accepted and
multidimensional measure of pediatric
chronic disease (pediatric complex chronic
conditions [CCCs] classiﬁcation system
version 2),34,44 and the housing-based index
of socioeconomic status (HOUSES), a
validated, individualized SES measure.45

METHODS
Population and Setting
Olmsted County, Minnesota is a mixed
urban-rural county located 90 miles
southeast of Minneapolis, Minnesota, and is
an ideal setting to conduct population-based
epidemiological surveillance because 98%
of medical care received by county
residents is delivered through 2 hospitals
and afﬁliated health care facilities. The
Rochester Epidemiology Project (REP) has
been used to electronically index all patient
care episodes since its inception in
1966 through continuous funding by the
National Institutes of Health.42 Population
counts obtained by the REP are similar to
those obtained by the US Census Bureau.43,46
Patients are categorized as Olmsted County
residents on the basis of address
information at the time of each health care
visit. Although residents of Olmsted County

have historically represented the US white
population, more recent 2010 census data
reveal increasing diversiﬁcation, and 24%
of the Olmsted County youth population
(0–17 years of age) were classiﬁed as
people of color.47

Design
The study was designed as a populationbased repeated cross-sectional study used
to assess the temporal trends of 5-year
prevalence and incidence rates of MCCs
between 1999 and 2014 among all eligible
children residing in Olmsted County,
Minnesota. The eligible study subjects were
identiﬁed through the National Institutes of
Health–funded REP records-linkage system.
The REP includes all patient encounters (ie,
inpatient and outpatient). We calculated
age-, sex-, and ethnicity-adjusted incidence
rates and prevalence using the pediatric
population of the 2010 US Census for
standardization. We characterized incidence
and prevalence by age, sex, ethnicity, and
SES as measured by HOUSES (described
below). Institutional review boards (IRBs)
approved this study (Mayo Clinic IRB
[16-00128] and Olmsted Medical Center
IRB [052-OMC-16]).
Study Subjects
Four historical cohorts were deﬁned from
all eligible children 0 to 17 years of age who
were residents of Olmsted County on April
1 of 4 study years (1999, 2004, 2009, and
2014) to calculate 5-year period prevalence
and incidence rates on the basis of the
5-year capture frame. Prevalence rates were
calculated by using the 2004, 2009, and
2014 cohorts, whereas the incidence rates
were calculated by using the 1999, 2004, and
2009 cohorts. The 1999 cohort was not used
for 5-year prevalence rate calculation
because the cohort did not have sufﬁcient
medical records for the 5-year capture
frame through the REP. Similarly, the
2014 cohort was not used for 5-year
incidence calculation because the cohort
did not have 5-year follow-up information
yet. The exclusion criteria for each of the
4 historical cohorts were the following: (1)
non–Olmsted County residents on April 1 of
each study year time point (1999, 2004,
2009, and 2014; REP has a function of
checking the residency data for a speciﬁc
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person at any given date from 1966 to the
present date) and (2) children without
research authorization.

MCCs
We adopted the deﬁnition of MCCs as any
child with $2 CCC categories previously
deﬁned by Feudtner et al.34,44 This deﬁnition
has been widely used in the pediatric
literature, uses International Classiﬁcation
of Diseases, Ninth Revision (ICD-9)
diagnostic and procedure codes, and is
accepted as a measure of chronic disease
in children.† The index date of MCCs was
deﬁned as the date the ﬁrst ICD-9 code was
used to identify a child with a second CCC
category. CCCs were assessed by using ICD9 codes from all settings.
Sociodemographic Variables
Children with MCCs were characterized by
age, sex, ethnicity, and SES as measured by
HOUSES. HOUSES was developed and
validated in Olmsted County, Minnesota;
Jackson County, Missouri; and Sioux Falls,
South Dakota; to address the absence of SES
variables in commonly used data sources
for clinical research (eg, medical record).45
Study participants’ addresses were
geocoded to geographic reference (latitude
and longitude) and real property data
available from the local government
assessor’s ofﬁce on April 1 of each study
year described above. A standardized
HOUSES score (z score) was formulated
from 4 real property variables (housing
value, square footage, number of bedrooms,
and number of bathrooms). A high HOUSES
score correlates with high SES. Previous
research has been used to document the
successful application of HOUSES as an
effective SES measure in clinical
research,55–62 and HOUSES was recently
found to be a useful surrogate for SES to
assess risk stratiﬁcation and hospitalization
in adults with multiple chronic conditions.63
Children with missing address information
were excluded from the HOUSES analyses.
For ethnicity classiﬁcation, self-reported
ethnicity was categorized into 2 groups:
non-Hispanic white and other (African

†
Refs 2, 3, 5–8, 10–15, 17, 19, 20, 24–27, 29–33,
36–38, 41, 44, 48–54.

American, Asian American, Hispanic, and
other and/or unknown).

Statistical Analyses
Descriptive statistics were used to
summarize demographic characteristics of
each cohort (1999, 2004, 2009, and 2014).
This is a population-based cross-sectional
study based on all eligible children in our
community (Olmsted County, MN) for a given
time point, not based on a sampling frame;
thus, results were reported on the basis of
only descriptive statistics without a P value.

Crude Prevalence Rates of MCCs
Five-year prevalence was estimated for the
2004, 2009, and 2014 cohorts, separately.
For example, to determine the 5-year
prevalence64 of MCCs for the 2004 cohort,
the 2004 REP cohort was used, which
included all children 0 to 17 years of age
living in Olmsted County, Minnesota, on
April 1, 2004, with Minnesota research
authorization. Children in the 2004 cohort
with $2 CCCs indicated within the previous
5 years (April 1, 1999–March 31, 2004) were
considered to have prevalent MCCs on
April 1, 2004. These analyses were repeated
on the 2009 and 2014 cohorts to get the
prevalence rates, respectively.
Crude Incidence Rates of MCCs
Five-year–period incidence rates were
determined for the 1999, 2004, and
2009 cohorts. After excluding cases of
prevalent MCCs that occurred as of the
index date, incidence cases of MCCs were
determined by having index MCCs occurring
in the subsequent 5-year period. The index
date of MCCs for those who had at least
2 CCC categories was deﬁned as the date
the ﬁrst ICD-9 code was used to identify a
second CCC category. For example, to
determine the 5-year incidence rate of MCCs
for the 1999 cohort, the 1999 REP cohort
was used, which included all eligible
children 0 to 17 years of age living in
Olmsted County, Minnesota, on April 1, 1999,
with Minnesota research authorization.
Prevalent MCCs cases, based on 2 CCC
categories in the previous 5 years (April 1,
1994–March 31, 1999), were excluded from
this analysis. All children who developed de
novo MCCs from April 1, 1999, to March 31,
2004, were considered to have incident

cases of MCCs. The denominator was
person-years of follow-up for children 0 to
17 years of age at risk for index MCCs in the
1999 cohort. Follow-up ended at the index
date of MCCs, 18th birthday, death, or on
March 31, 2004, whichever came ﬁrst. These
analyses were repeated on the 2004 and
2009 cohorts.

Adjusted Prevalence and Incidence Rates
For each cohort, age-, sex-, and ethnicityspeciﬁc prevalence and incidence rates
were ﬁrst estimated by using the number of
patients with MCCs in each age group (,1,
1–4, 5–9, and 10–17 years), sex group,
and ethnicity group (non-Hispanic white and
other), with corresponding age-, sex-, and
ethnicity-speciﬁc person-years at risk as
denominators. All rates were standardized
to the 2010 US Census pediatric total
population.64 Overall 5-year prevalence and
incidence rates were calculated by
adjusting age, sex, and ethnicity distribution
to the 2010 US Census pediatric total
population.64,65 For the adjusted rates, 95%
conﬁdence intervals (CIs) were constructed
by using the assumption that the number of
cases follow a Poisson distribution.66

Association of HOUSES With
Prevalence and Incidence of Pediatric
MCCs
HOUSES z scores were determined for each
cohort in which address information was
known and analyzed in quartiles. Poisson
regression was applied to assess the linear
trend of HOUSES quartiles and prevalence
and incidence rates of pediatric MCCs.65
Statistical signiﬁcance was tested at a 2sided a error of .05. All statistical analyses
were computed by using SAS statistical
software (version 9.4; SAS Institute, Inc,
Cary, NC).

RESULTS
Demographic Characteristics
Eligible study participants in each cohort
were as follows: 31 390 subjects in 1999,
32 490 subjects in 2004, 32 942 subjects in
2009, and 33 097 subjects in 2014;
characteristics of study subjects are
summarized in Table 1. The proportion of
children in each age group across the
4 cohorts was similar. Olmsted County,
Minnesota, increasingly became more
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TABLE 1 Demographics of Children Living in Olmsted County, Minnesota
1999
(n 5 31 390),
n (%)
Age, y
,1
1–4
5–9
10–17
Sex
Girls
Boys
Ethnicity
Non-Hispanic white
Othera
African American
Asian American
Hispanic
Other and/or
unknown
SES (HOUSES)b,c,d
First quartile
Second quartile
Third quartile
Fourth quartile
Unknown
No. CCCse
0
1
2
3
4
5
6
7
8
9
CCCse
Neurologic and/or
neuromuscular
Cardiovascular
Respiratory
Renal and/or urologic
Gastrointestinal
Hematologic and/or
immunologic
Metabolic
Other congenital or
genetic
Malignancy

1768
6755
8689
14 178

(5.6)
(21.5)
(27.7)
(45.2)

2004
(n 5 32 490),
n (%)
2016
7337
8518
14 619

(6.2)
(22.6)
(26.2)
(45.0)

2009
(n 5 32 942),
n (%)
2087
8396
8945
13 514

(6.3)
(25.5)
(27.2)
(41.0)

2014
(n 5 33 097),
n (%)
1985
7825
9789
13 498

(6.0)
(23.6)
(29.6)
(40.8)

15 200 (48.4)
16 190 (51.6)

15 814 (48.7)
16 676 (51.3)

16 058 (48.7)
16 884 (51.3)

16 105 (48.7)
16 992 (51.3)

23 645
7745
1373
1410
1119
3843

24 131
8359
2392
1714
1825
2428

23 393
9549
2876
2036
2392
2245

22 137
10 960
3380
2229
2743
2608

(75.3)
(24.7)
(4.4)
(4.5)
(3.6)
(12.2)

5990 (24.7)
6023 (24.8)
6091 (25.1)
6163 (25.4)
7123
29 367
1761
194
44
16
5
2
1
0
0
273

362
51
159
88
89

(93.6)
(5.6)
(0.6)
(0.1)
(0.1)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.9)

(1.2)
(0.2)
(0.5)
(0.3)
(0.3)

(74.3)
(25.7)
(7.4)
(5.3)
(5.6)
(7.5)

6862 (24.7)
6899 (24.9)
6967 (25.1)
7029 (25.3)
4733
29 905
2183
293
72
24
8
3
2
0
0
354

446
135
184
126
147

(92.0)
(6.7)
(0.9)
(0.2)
(0.1)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(1.1)

(1.4)
(0.4)
(0.6)
(0.4)
(0.5)

(71.0)
(29.0)
(8.7)
(6.2)
(7.3)
(6.8)

6661 (24.4)
6868 (25.2)
6846 (25.1)
6909 (25.3)
5658
30 246
2219
332
82
35
19
6
2
1
0
423

673
181
244
142
165

(91.8)
(6.7)
(1.0)
(0.2)
(0.1)
(0.1)
(0.0)
(0.0)
(0.0)
(0.0)
(1.3)

(2.0)
(0.5)
(0.7)
(0.4)
(0.5)

(66.9)
(33.1)
(10.2)
(6.7)
(8.3)
(7.9)

6248 (24.5)
6360 (24.9)
6412 (25.1)
6496 (25.5)
7581
29 896
2552
449
113
52
17
9
6
2
1
574

862
227
261
185
258

(90.3)
(7.7)
(1.4)
(0.3)
(0.2)
(0.1)
(0.0)
(0.0)
(0.0)
(0.0)
(1.7)

(2.6)
(0.7)
(0.8)
(0.6)
(0.8)

370 (1.2)
633 (2.0)

369 (1.1)
918 (2.8)

336 (1.0)
817 (2.5)

494 (1.5)
888 (2.7)

318 (1.0)

397 (1.2)

328 (1.0)

350 (1.1)

diverse. In 1999, 24.7% of the pediatric
population identiﬁed as a non-Hispanic
white, whereas this grew to 33.1% by 2014.

The 5-Year Prevalence of MCCs
Prevalence rates of MCCs among children
living in Olmsted County, Minnesota, are
summarized in Table 2. Overall, crude
prevalence of pediatric MCCs signiﬁcantly
increased from 1237 (95% CI: 1119–1364)
per 100 000 persons in the 2004 cohort to
1961 (95% CI: 1813–2118) in the 2014 cohort.
The age-, sex-, and ethnicity-adjusted
prevalence rates of MCCs in children living
in Olmsted County, Minnesota (standardized
to the 2010 US Census pediatric population),
signiﬁcantly increased during the study
period from 1200 to 1948 per
100 000 persons from 2000–2004 to
2010–2014 (Fig 1). In addition, all age-, sex-,
and ethnicity-adjusted prevalence rates also
increased in each period (Table 2).
The 5-Year Incidence of MCCs
Incidence rates of MCCs among children
living in Olmsted County, Minnesota, are
listed in Table 2. The age-, sex-, and
ethnicity-adjusted incidence rates of MCCs
in children living in Olmsted County,
Minnesota (standardized to the 2010 US
Census pediatric population), increased
during the study period from 256 (95%
CI: 213–298) in the 1999 cohort to 335 (95%
CI: 296–373) per 100 000 person-years in
the 2014 cohort, respectively (Table 2,
Fig 2). In addition, all age-, sex-, and
ethnicity-adjusted incidence rates also
increased each period (Table 2).

Association of HOUSES and Ethnicity
With Prevalence and Incidence Rates
of Children With MCCs
Children with a lower SES (measured by
HOUSES) tend to have a slightly higher
prevalence rate in all 3 cohorts (Table 3).
For example, the 5-year prevalence of MCCs
for the lowest HOUSES group (the ﬁrst
quartile) in the 2014 cohort was 34% higher
compared with that of those in the highest
HOUSES group (the fourth quartile). HOUSES
was not associated with the prevalence rate
in the 2009 cohort (P 5 .58), although the
rate was slightly higher in the lowest
HOUSES group. The 5-year incidence rates
were not associated with HOUSES in all
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TABLE 1 Continued
1999
(n 5 31 390),
n (%)
Premature and/or
neonatal
Technology dependence
Transplant

2004
(n 5 32 490),
n (%)

2009
(n 5 32 942),
n (%)

2014
(n 5 33 097),
n (%)

46 (0.1)

77 (0.2)

113 (0.3)

104 (0.3)

130 (0.4)
8 (0.0)

175 (0.5)
18 (0.1)

200 (0.6)
20 (0.1)

219 (0.7)
26 (0.1)

Population living in Olmsted County, Minnesota on April 1, 1999, 2004, 2009, and 2014.
a
Self-reported ethnicity was categorized into 2 groups: non-Hispanic white and other (African American,
Asian American, Hispanic, and other and/or unknown).
b
The ﬁrst quartile is the lowest quartile, and the fourth quartile is the highest quartile.
c
Children with missing HOUSES data were excluded (7123 in 1999, 4733 in 2004, 5658 in 2009, and 7581 in
2014).
d
HOUSES data for the 2014 cohort were from 2012.
e
Pediatric CCCs classiﬁcation system version 2.

3 cohorts (P . 0.7) but was slightly higher
among non-Hispanic white participants.

DISCUSSION
Children with MCCs compose a high-risk
patient population in which signiﬁcant
improvement is needed in all dimensions
of the Institute of Healthcare Improvement
Triple Aim.23 To better understand the
natural history of MCCs in children, we
sought to describe the ﬁrst temporal
trends and epidemiological proﬁle of MCCs

in children living in a mixed urban-rural
community. We found that both the
prevalence and the incidence of MCCs
among children living in Olmsted County,
Minnesota, have increased during the
15-year study period, and MCCs are more
prevalent among children with a low SES
and minority background.
The overall age-, sex, and ethnicity-adjusted
period prevalence of pediatric MCCs in our
study setting increased from 1200 to
1948 per 100 000 persons (62% increase

in prevalence). The overall age-, sex-, and
ethnicity-adjusted incidence rate for pediatric
MCCs in our study setting increased from
256 to 335 per 100 000 person-years (31%
increase in incidence). To our knowledge, this
is the ﬁrst population-based study in which
temporal trends of both prevalence and
incidence rates of pediatric MCCs are
reported over a 15-year period in a
geographically deﬁned population in
a non–inner-city setting by using EMRs, a
pediatric chronic disease measure, and an
individualized SES index. Therefore, there is
no current literature available with which we
can directly compare our estimates. The only
data available to date are limited by an adult
chronic disease measure applied to a
pediatric population or pediatric chronic
disease measures applied to speciﬁc
populations not representing the general
pediatric population. For example, in our
same study setting, researchers determined
the prevalence and incidence rates of MCCs
($2 chronic conditions) in children 0 to
19 years of age, using 20 common adult
chronic conditions recommended by the US
Department of Health and Human Services,
to be 132864 and 750 per 100 000 personyears,67 respectively. These estimates appear

TABLE 2 The 5-Year Prevalence and Incidence Rates of Children With MCCs Living in Olmsted County, Minnesota, During the Study Period (1999–2014)
Prevalence at Each Time Pointa (95% CI)
2004
Overall
Age, y
,1
1–4
5–9
10–17
Age-adjusted rate
Sex
Boys
Girls
Sex-adjusted rate
Ethnicity
Non-Hispanic white
Other
Ethnicity-adjusted rate
Age-, sex-, and race-adjusted rate

2009

Incidence at Each Time Pointa (95% CI)

2014

1999

1237 (1119–1364) 1448 (1321–1584) 1961 (1813–2118) 250 (223–280)
893
1649
1057
1183
1235

(529–1411)
(1358–1971)
(850–1299)
(1014–1373)
(1114–1356)

1437
1858
1196
1361
1429

(970–2052)
(1578–2174)
(980–1446)
(1172–1573)
(1300–1558)

1259
2441
1798
1904
1958

(815–1859)
(2107–2813)
(1542–2084)
(1678–2152)
(1807–2110)

491
231
115
330
258

2004

2009

273 (245–304)

333 (310–366)

(134–1256) 1306 (675–2282)
(166–313)
150 (101–214)
(83–155)
144 (108–187)
(287–377)
375 (329–425)
(221–295)
312 (264–359)

315
303
213
426
335

(65–920)
(235–385)
(172–262)
(376–481)
(299–371)

1355 (1184–1544) 1534 (1353–1733) 2119 (1905–2349) 240 (203–282)
1113 (955–1290) 1358 (1183–1550) 1794 (1594–2014) 260 (221–305)
1237 (1116–1358) 1448 (1318–1578) 1960 (1809–2111) 250 (222–278)

270 (231–314)
277 (236–322)
273 (244–303)

333 (289–380)
333 (289–381)
333 (301–364)

1264
1160
1216
1200

287
229
260
300

334
329
332
335

(1126–1414)
(941–1416)
(1085–1347)
(1070–1329)

1415
1529
1468
1436

(1267–1576)
(1291–1798)
(1327–1609)
(1297–1576)

1933
2016
1972
1948

(1755–2126)
(1759–2300)
(1814–2129)
(1792–2104)

253
238
246
256

(222–287)
(180–308)
(213–279)
(213–298)

(254–323)
(177–291)
(229–292)
(250–350)

(297–374)
(272–395)
(297–366)
(296–373)

MCCs were deﬁned as $2 CCCs by using the pediatric CCCs classiﬁcation system version 2.
a
Prevalence and incidence rates per 100 000 person-y (based on a 5-y capture frame) were calculated by using the population-based cohort at each time period
(2004, 2009, and 2014 for prevalence; 1999, 2004, and 2009 for incidence).
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FIGURE 1 Age-, sex-, and ethnicity-adjusted prevalence of MCCs among children living in Olmsted
County, Minnesota.

different from our study because of the
chronic disease measure. In a different
geographic region, among children 0 to
20 years of age who died between 2007 and
2008 and were enrolled in California
Medicaid, the prevalence rate of MCCs was
55 940 per 100 000 persons8; however, this
study was limited to children who were
insured and children who were deceased.
At the national level, among only US children
0 to 18 years of age who were hospitalized
and participated in the 2006 Healthcare Cost
and Utilization Project Kids Inpatient
Database, the prevalence rate of MCCs was
1507 per 100 000 persons.3 Therefore,
estimates of prevalence and incidence
signiﬁcantly vary among previous studies
depending on classiﬁcation of MCCs and
study population.
Many speculations may explain the
increasing prevalence and incidence of
MCCs in Olmsted County, Minnesota. First,
advances in medical technology, health care
delivery, and public health interventions
may have decreased mortality in children
with CCCs, leading to improved longevity
and opportunity to develop MCCs. In a
secondary data analysis of the National
Health Interview Survey, rising prevalence
rates of childhood disability were partly
explained as being due to

neurodevelopmental problems.39 Advances
in surgical techniques and mechanical
cardiopulmonary support have led to
improved outcomes in children with
congenital heart disease.68 Second, we
found that children with prevalent MCCs
were signiﬁcantly more likely to have a
minority background; thus, a growing
minority population in Olmsted County may
contribute to the rising trends of pediatric
MCCs. Third, we used ICD-9 billing codes, of
which provider awareness and use may
have increased over time. Nonetheless, the
precise reasons for the rising trends of
prevalence and incidence of pediatric MCCs
are unknown.
The rising prevalence and incidence rates of
pediatric MCCs in Olmsted County have a
few implications on both national and local
levels. First, our population-based estimates
of pediatric MCCs should be used to inform
the health care policy at national and local
levels because these children have high
health care expenditures‡ and payer source
is more likely to be public.69 Second, given
our study ﬁnding that children of low SES
were more likely to have prevalent MCCs,
prevalence rates of pediatric MCCs may be
higher in other parts of the United States. At
‡

Refs 3, 4, 9, 10, 12, 16, 17, 19, 28, 32.

present, the impact of pediatric MCCs on
ﬁnancial outcomes of families and the total
national health care costs are not fully
recognized but should be assessed. Third,
we found that children of low SES and a
minority background had more prevalent
MCCs, a ﬁnding consistent with the extant
literature. Authors of a recent national
survey study found that the percentage of
children with parent-reported disability
rose 16% between 2001 and 2011, and
children who were economically
disadvantaged had the highest disability
rates.39 Among US children who were
hospitalized, rural children had higher rates
of medical complexity and often resided in
low-income and medically underserved
areas.15 Finally, the authors of a survey of
.40 000 children with special health needs
found that 57% of the families reported
ﬁnancial problems, and 54% reported
unemployment due to a child’s health.70 This
ﬁnding requires further investigation
because achieving health equity is an
overreaching goal of Healthy People 2020.71
The main strengths of this study are its
population-based study design and
epidemiological advantages of our study
setting, including a self-contained health care
environment enabling use of an EMR linkage
system. In addition, we applied objective,
validated, and individualized measures for
both pediatric chronic disease and SES.
Potential limitations include our
classiﬁcation of MCCs and a study setting
limited to a mixed urban-rural community.
Although our study setting is becoming
more diverse, it may not be generalizable to
an inner-city setting with signiﬁcant racial
diversity. The pediatric CCCs classiﬁcation
system does not include non-CCCs, including
asthma, obesity, and attention-deﬁcit/
hyperactivity disorder and is only 1 of many
tools developed to identify children with
medical complexity.72 Other tools include
the 3M Health Information Systems Clinical
Risk Groups, the Agency for Healthcare
Research and Quality Chronic Condition
Indicator, and the Seattle Children’s Hospital
Center of Excellence on Quality of Care
Measures for Children with Complex Needs
Pediatric Medical Complexity Algorithm.
Nonetheless, CCCs have been extensively used
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FIGURE 2 Age-, sex-, and ethnicity-adjusted incidence rates of MCCs among children living in
Olmsted County, Minnesota.

in pediatric research and are strongly
associated with mortality, functional
limitations, and health care use.72 Because
CCCs do not include all chronic conditions, this
study’s reported period prevalence and
incidence rates likely represent the lower
range of MCCs within this population.
Furthermore, we acknowledge the inherent
limitations in combining all minority groups for
statistical analyses because all minority groups
are uniquely heterogeneous. However, we
chose to combine all minorities into 1 group
because our end points are rare. Furthermore,
because our reporting of incidence trends per
5-year period included a ﬁxed population at

risk for each period, perturbation in birth
rates may affect study results; however, we
standardized our results to the US Census
population for effective comparison. Finally,
there are many unobserved factors that
inﬂuence where children with MCCs live that
are unaccounted for in this study and limit
the generalizability of the data.
The REP has been used to assess and report
generalizability of study ﬁndings from the
Olmsted County, Minnesota, population.46
Brieﬂy, age, sex, and ethnic characteristics
of Olmsted County were similar to those of
the state of Minnesota and the Upper

Midwest from 1970 to 2000. However,
Olmsted County was less ethnically
diverse than the entire US population
(90.3% vs 75.1% white), more highly
educated (91.1% vs 80.4% high school
graduates), and wealthier ($51 316 vs
$41 994 median household income; 2000 US
Census data). Age- and sex-speciﬁc
mortality rates were similar for Olmsted
County, the state of Minnesota, and the
entire United States. In the report, it
was suggested that generalizations from
studies in any single selected population
must be judged on a study-by-study basis.
Our study covers the entire local pediatric
population, and all eligible children with all
race and/or ethnicity and socioeconomic
strata were included. Our study ﬁndings,
based on a geographically well-deﬁned local
pediatric population and on ethnic and
socioeconomic factors, provide an
important insight into the epidemiology of
CCCs at a population level. In addition,
although our study setting lacks racial
and ethnic diversity, our local population
represents a rural population that is 1 of
special populations designated by the
National Center for Advancing Translational
Sciences and is, otherwise, overlooked
(and the needs of this population is likely to
be overlooked). We believe that the study
results in the local context, especially
representing a rural population, will
complement and enrich the national
perspective in the epidemiology of CCCs
despite the lack of racial and ethnic
diversity.

TABLE 3 Association of HOUSES With Prevalence and Incidence Rates of Children With MCCs
Prevalence at Each Time Pointa (95% CI)
2004
HOUSES
First quartile
Second quartile
Third quartile
Fourth quartile
Pc

2009

Incidence at Each Time Pointa (95% CI)
2014

1999

2004

2009

b

1443
1435
1134
1124

(1173–1756)
(1166–1747)
(898–1413)
(890–1400)
.039

1576
1587
1563
1462

(1289–1908)
(1303–1914)
(1281–1889)
(1191–1776)
.583

2225
2327
2339
1663

(1870–2627)
(1967–2734)
(1980–2745)
(1364–2007)
.038

262
237
305
224

(202–334)
(181–305)
(241–380)
(170–288)
.726

273
290
304
267

(214–343)
(230–362)
(243–377)
(130–283)
.982

363
278
346
362

(293–445)
(219–349)
(279–425)
(294–442)
.655

MCCs were deﬁned as $2 CCCs by using the pediatric CCCs classiﬁcation system version 2.
a
Prevalence and incidence rates per 100 000 person-y (based on 5-y capture frame) were calculated using the population-based cohort at each time period (2004,
2009, and 2014 for prevalence; 1999, 2004, and 2009 for incidence).
b
The ﬁrst quartile is the lowest quartile, and the fourth quartile is the highest quartile.
c
The P value is used to test the linear trend of HOUSES quartiles with prevalence and incidence rates within each period.
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CONCLUSIONS
Both the prevalence and the incidence of
MCCs among children living in this mixed
urban-rural US community are increasing.
Health disparities are present among
children with MCCs and require further
assessment to guide health care planning
on both national and local levels.
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