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Medical Complexity among Children
with Special Health Care Needs: A

Two-Dimensional View

Ryan J. Coller, CarlosF. Lerner, Jens C. Eickhoff, Thomas S. Klitzner,
Daniel]. Sklansky, Mary Ehlenbach, and Paul]. Chung

Objective. To identify subgroups of U.S. children with special health care needs
(CSHCN) and characterize key outcomes.

Data Source. Secondary analysis of 2009-2010 National Survey of CSHCN.

Study Design. Latent class analysis grouped individuals into substantively meaning-
ful classes empirically derived from measures of pediatric medical complexity. Out-
comes were compared among latent classes with weighted logistic or negative binomial
regression.

Principal Findings. LCA identified four unique CSHCN subgroups: broad func-
tional impairment (physical, cognitive, and mental health) with extensive health care
(Class 1), broad functional impairment alone (Class 2), predominant physical impair-
ment requiring family-delivered care (Class 3), and physical impairment alone (Class
4). CSHCN from Class 1 had the highest ED visit rates (IRR 3.3, p < .001) and hospi-
talization odds (AOR: 12.0, p < .001) and lowest odds of a medical home (AOR: 0.17,
< .001). CSHCN in Class 3, despite experiencing more shared decision making and
medical home attributes, had more ED visits and missed school than CSHCN in Class
2 (p < .001); the latter, however, experienced more cost-related difficulties, care delays,
and parents having to stop work (p < .001).

Conclusions. Recognizing distinct impacts of cognitive and mental health impair-
ments and health care delivery needs on CSHCN outcomes may better direct future
intervention efforts.

Key Words. Children’s health, special health care needs, latent class analysis

Children with medical complexity (CMC) are a population of increasing clini-
cal, research, and policy interest (Burke and Alverson 2010; Cohen et al.
2011; Simon, Mahant, and Cohen 2012; Berry et al. 2013) due to their dispro-
portionately large and long-term health service needs (Newacheck and Kim
2005; Simon et al. 2010; Cohen et al. 2012), which account for up to one-third
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of total child health care spending (Neff et al. 2004; Cohen et al. 2012).
Research suggests that CMC experience highly fragmented care with signifi-
cant negative impacts on family well-being (Bramlett et al. 2009; Kuo et al.
2011; Berry et al. 2013). Furthermore, ongoing advances in neonatology,
pediatric care, and medical technology are steadily increasing the prevalence
of such children (Burke and Alverson 2010; Cohen et al. 2011).

Despite this interest, a consensus definition for “medical complexity”
has been elusive. Two broad strategies have been pursued: diagnosis-based
(“categorical”) and consequences-based (“noncategorical”) systems, each
having unique strengths and weaknesses. Diagnosis-based schemas allow
researchers, policy makers, and analysts to stratify populations and conduct
analyses of large administrative datasets (Neff et al. 2002). Common exam-
ples of such systems include complex chronic conditions, clinical risk groups,
and the chronic illness and disability payment system (Feudtner, Christakis,
and Connell 2000; Kronick et al. 2000; Feudtner et al. 2002; Neff et al. 2002)
among others.

The other common approach is to define medical complexity using a
“consequences-based strategy” in which the consequences of the condition
establish complexity rather than the diagnoses themselves. Functional limita-
tions or combinations of high subspecialty use and organ system involvement
are some examples of noncategorical complexity definitions (Palfrey et al.
2004; Gordon et al. 2007; Bramlett et al. 2009). Though potentially more
inclusive, this approach is difficult to apply to large administrative datasets
(Neff et al. 2002; Bramlett et al. 2009; Cohen et al. 2011). While both strate-
gies are highly valuable, each has important limitations in sensitivity and
specificity for identifying CMC (Berry et al. 2013).

How one defines CMC has many important implications for performing
risk stratification, comparing outcomes across studies, and facilitating pro-
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gram planning. The CMC research field may benefit from efforts to identify
this population using a conceptually based and empirically rigorous approach.
Over the last several years, a framework for conceptualizing CMC has been
developed and proposed (van der Lee et al. 2007; Cohen et al. 2011) though
not well tested in a large cohort of children. In this framework, medical com-
plexity is described through characteristic manifestations within each of four
domains—chronic conditions, health-related needs, functional limitations,
and health care use.

The purpose of this study was to identify and characterize CMC and
their outcomes from a nationally representative sample of children with spe-
cial health care needs (CSHCN) by operationalizing the CMC conceptual
framework using a rigorous, empirical, consequences-based analytical
method. This study provides a novel means to identify CMC across the
United States, and it also identifies other meaningful groups of children having
unique aspects of special health care needs.

METHODS
Study Population

We conducted a secondary analysis of the 2009-2010 National Survey
of Children with Special Health Care Needs (NS-CSHCN). This nation-
ally representative survey is funded and administered by the Maternal
and Child Health Bureau (MCHB) and conducted by the National Cen-
ter for Health Statistics using random-digit-dialing methods, with sepa-
rate random-digit-dial samples for landline and cell-phone numbers (van
Dyck et al. 2002; Blumberg et al. 2003, 2008; U.S. Department of
Health and Human Services 2013).

In the NS-CSHCN, children are defined as having special health
care needs based on currently experiencing one or more of five health
consequences attributable to a medical, behavioral, or other health con-
dition that has lasted or is expected to last for at least 12 months. Con-
sequences include ongoing limitations in ability to do things most
children of the same age can do; prescription medications; specialized
therapies; more medical, mental health, or educational services than are
usual for most children of the same age; or behavioral, emotional, or
developmental conditions requiring treatment or counseling (Bethell
et al. 2002; Blumberg et al. 2003). From 196,159 households with chil-
dren, 372,698 children were screened and 40,242 parents completed in-
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depth NS-CSHCN interviews between July 2009 and March 2011. One
CSHCN was randomly selected in cases where a household had multi-
ple CSHCN. The completion rate after a child was selected was 80.8
percent (83.6 percent for landline and 76.6 percent for cell-phone sam-
ples) (U.S. Department of Health and Human Services 2013).

Latent Class Analysis

Latent class analysis (LCA) is a nonparametric statistical technique that
identifies otherwise unobservable (i.e., latent) groups based on individuals’
patterns of responses to multiple observable variables. Thus, substantively
meaningful subgroups within a population can be empirically identified
using LCA (Lanza et al. 2007; Nylund, Asparoutiov, and Muthen 2007;
Collins and Lanza 2010). While related to factor analysis, LCA is based on
categorical (as opposed to continuous) latent variables (Collins and Lanza
2010). The approach results in mutually exclusive latent classes of individu-
als based on their responses to observed variables (Lanza et al. 2007).
Because LCA allows one to study the patterns of a set of variables on an
outcome, it is useful for studying multifaceted constructs such as medical
complexity.

From the 2009-2010 NS-CSHCN, we identified items for inclusion in
LCA modeling that represented the different domains of the conceptual
framework for medical complexity (van der Lee et al. 2007; Cohen et al.
2011). In this framework, children are described as having characteristic pat-
terns of (1) chronic conditions, (2) health-related needs, (3) functional limita-
tions, and (4) health care use. The NS-CSHCN does not identify a
comprehensive set of chronic condition diagnoses; however, as the CSHCN
screener used to select participants explicitly identifies children with chronic
conditions (Bethell et al. 2002), we assumed all respondents of the NS-
CSHCN fell within this domain. To avoid endogeneity, we then excluded
from the remaining list of items those that were also considered primary study
outcomes. For example, emergency department visits were not included as an
item within the health care use domain because we planned to use it as a pri-
mary study outcome. The final list for inclusion in LCA modeling contained
17 items across the three domains (Table 1), a number that falls within typical
maximum limits for LCA.

LCA created a variety of candidate models, each of which divided study
participants into a discrete number of mutually exclusive classes based on
their responses to the 17 items. Candidate latent class models with 1-7



Health Services Research 51:4 (August 2016)

HSR

1648

panunuoy)

swapqoxd
€800 L0T°0 GI1°0 ¥19°0 SP99N [eUEUY PIsnNEd UOHIPUOD Yj[eoy
s1opraoxd axed pyiy
‘UOBI[IqRYDI ‘UOTIUDAISIUI A[1€D ‘[001IS
950°0 661°0 8L€°0 ¥0L°0 SPIaN M 9E0IUNUTO) 0} PIaU SI9PIAOL]
90€°0 89L°0 8¢€°0 €6L’0 SPISN ouroy ye ared yipeay sapraod AJrure
910°0 192°0 600°0 6920 9STLaIed [)eaH uawdmba redrpow o[qeINp 910Ny
G000 ¢c0°0 L10°0 691°0 9STL9.1ed I[eoH ESY SWOY 9AID9Y
Gg0°0 0800 0L€°0 9€9°0 9STL 9Ied [)[eo Aderayy yoaads/ 10/ 1d 2a1009Y
6480 9L6°0 6L€°0 G6L°0 9STL 9180 I[eo 10300p Ayrerads vag
£06°0 €L6°0 G¥L0 0¥6°0 ENVER AR 28 suonesrpowr uondrosaxd asn)
sonIAnOE A[rep 109jje
€L0°0 €e1°0 6LS°0 0L8°0 SHWI] [euonoun,y Apue)sisuod suonIpuod YITes
suonouny esy
€230 82€0 968°0 €06°0 SHWI] [euonoun,y [eruew ogpads yym Amogpg
902°0 erec0 LS6°0 €96°0 sy [euonouny | uonduny 2ARIS0d dgwads yrm Aoy
61570 696°0 8CS°0 698°0 sy [euonouny uonouny redrsAyd ogoads yrm Amogp
Ty £ $sU10) Z 55019 1 SSD]D) UIDUWO(T YAOMIUDL]
(05L°880°C =N) U0y (£98°LLTT =N) DD (LL099LE =N) (L§0696°L =N)  1omdaouo)) D)
Juawv gy pasoana(J-Quun,y ouopy uauunguy WD, 407
sy Suranbayy JDUOIIUNT PPOLT  YHDIET FISUIIXT]
quauLavgug posyg Surnbay
JUDUIWOPIUT Juauvgur

JDU0LIUNT PPOLT

JIomMawrely

remdoouo)) oy woiy surewo(] Ayxajdwo) Surpuodserio)) pue SanIIqeqOl] W) SSB[D) JUYe PAIYSIOA T 9[qel,



1649

Medical Complexity among Children with Special Health Care Needs

“Kyrxadurod [estpaur yim ULIP[IY DN

'sreak /]-sypuowt g o5 ‘spuoty Surdeoy pue Sunyew Fumsre 1o Surk[ng ‘SunySy 9no-Sunor ‘passaidep 1o snorxue Surfea,

“poo3s1epun Sutaq 10 ‘Sunesrunuwod ‘Sunyeads ‘uonuaye Surded 10 Surpurisiopun Gurures] ‘spuey Suisn ‘punore SUIAOW/UOHEUIPIOO ‘OIedJ[aS

‘pre Surreay e Sursn uaym

oA Surreay ‘s1oBjuod 10 sasse[S Surream uoym uaAd Suress ‘ured [eorsAyd oruoxyd ‘wonEmMIID pooyq ‘uonsaSip 10 Sumorrems ‘uonendsar 1o Suryrearg,
006 1940 saniiqeqoxd asuodsax wa saYNUIPI 1X2) P[Og ‘20N

7000 0300 770°0 6820 SpaaN o aydsox AJrurey paaN
Apurey £q a1ed
800°0 €00 670°0 G170 SpaaN Suneurp1o0d juads spom 1od sioy g
6600 €91°0 eIro cIe0 SPaaN owun ay) [[e 25UBY SPIdU 21ED YIS
uonIpuod § Pl
£00°0 €600 €ero GLE0 SPaaN 01 9T Y[eaY [ejuaw AJrurej paoN
a1ed SUreUIPIO0d
310°0 £80°0 1610 586°0 SpaaN 10 Surduesre djoy enxo paaN
¥ SSUp) ¢ Ssvp) FE7/0) 1SS0 UIDWO(T YLOMIUDL]
(05L°980°C =N) w0y (£L982L2T =N) #0D  (LL099LE =N) (LS0°696°L =N)  [pmdaruo) DD
JuauLavguy pauaarjar-Quung ouopy uowavduy DD, 2400
sy Suranbayr JOUOUIUN] PDOLT  YIIDIE] 20ISURXT]
quauvgug sy Furuanbayy
JUDULULOPII] JuauLangug
JouoLIUNY PrOLG

ponuguor) T dqe],



1650 HSR: Health Services Research 51:4 (August 2076)

different classes were evaluated. Model fit criteria, including the Akaike infor-
mation criteria (AIC) and Bayesian information criteria (BIC), as well as the
Lo—Mendell-Rubin and Vuong-Lo—Mendell-Rubin likelihood ratio tests,
were used to narrow down the best models (Schwarz 1978; Sclove 1987; Lo,
Mendell, and Rubin 2001; Nylund, Asparoutiov, and Muthen 2007). For these
likelihood ratio tests, models with k classes were compared to those with £ — 1
classes. A p-value <.05 indicated that the model with k classes provided a bet-
ter fit than the model with £ — 1 classes. When the difference in fit between
two models was no longer significant, the more parsimonious model (k£ — 1)
was favored. We assessed item-response patterns to identify a final model with
the best combination of homogeneity (i.e., dominant pattern within classes)
and separation (i.e., distinction across classes) (Collins and Lanza 2010).
Descriptive labels characterized the high-probability items within each class.

Outcomes

Outcomes were grouped into three categories: utilization, child and family,
and medical home. Utilization outcomes included number of emergency
department visits and presence of a hospitalization in the past 12 months (hos-
pitalization data provided from California only). Child and family outcomes
included number of missed school days, parents stopping work due to the
child’s condition, difficulties or delays in care related to cost, and shared deci-
sion making. Medical home outcomes included each of the subcomponents
for assessing the medical home concept as defined by the MCHB, including
personal MD or RN, family-centered care, no problem with referrals, usual
source of care and coordinated care and a composite measure. Additional
information on the medical home component definitions can be found else-
where (2009).

Statistical Analysis

After selecting the best-fit LCA model, descriptive statistics were used to char-
acterize relevant demographic covariates across each latent class. Covariates
included age, gender, race/ethnicity, primary language, payer category, pov-
erty level, household education level, and household structure, consistent with
other studies (Bethell et al. 2002; Inkelas et al. 2005; Kuo et al. 2011). Out-
comes were compared among different latent classes with weighted logistic or
negative binomial regression after adjusting for statistically significant covari-
ates (bivariate relationships with p < .05). We used Mplus (version 7, Muthen
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& Muteh, Los Angeles, CA, USA) to perform LCA, and STATA (SE version
12.1, Stata Corp, College Station, TX, USA) to perform remaining analyses.
Survey procedures based on sampling weights provided by the NS-CSHCN
were used to account for complex survey design to generate population esti-
mates (van Dyck et al. 2002; Blumberg et al. 2008). The results were summa-
rized in terms of adjusted incidence rate ratios (IRR) or adjusted odds ratios
(AOR) along with the corresponding 95 percent confidence intervals (CI).
This secondary data analysis of publicly available data was exempt from IRB
review, in accordance with University of Wisconsin policy.

RESULTS
Model Selection

The AIC and BIC best-fit statistics leveled off at 4-5 classes
(Appendix SA3), a result that was also supported by likelihood ratio tests. A
four-class LCA model was chosen after reviewing item-response probabilities
showing best homogeneity and separation with the four-class solution. For
each class, over 93 percent of children assigned to it had posterior probabili-
ties >50 percent of being assigned to that class. Table 1 illustrates this mod-
el’s conditional item-response probabilities for each indicator of medical
complexity.

Medical Complexity and Latent Classes

Within classes, items clustered around functional impairments and health care
use and needs (Table 1).

Functional Impairments consisted of physical, cognitive, or mental health
impairments, as well as the consistency with which the child’s daily activities
were impacted by their condition. Children in Classes 1 and 2 had high
response probabilities across every one of these functional domains and were
therefore labeled as having broad functional impairment. Children in Class 3
were noted to have predominant physical impairments (item-response proba-
bility 0.965).

Health Care Use and Needs in our model classes included family deliv-
ery of health care at home, need for extra help coordinating care, provider
need to communicate with community resources including early intervention,
school, or rehabilitation child need to see subspecialists, and health conditions
causing financial problems. Children in Class 1 had high probabilities in many
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areas and were therefore labeled as having extensive health care, while chil-
dren in Class 3 had particular need for family-delivered care at home (item-
response probability 0.768). Children in Class 2 did not have any unique
health care needs.

Children in Class 4 were not characterized by any distinguishing items;
however, consistent with all classes, they identified some physical functional
impairment and need for prescription medications (item-response probabili-
ties 0.515 and 0.907, respectively).

Classes were labeled as follows:

e Class 1 (17.7 percent): Broad Functional Impairment Requiring
Extensive Health Care

Class 2 (27.8 percent): Broad Functional Impairment Alone

Class 3 (33.9 percent): Predominant Physical Impairment Requiring
Family-Delivered Care

Class 4 (20.5 percent): Physical Impairment Alone

Children in Class 1, having high-response probabilities across items
from all domains of the CMC conceptual framework, were identified as the
CMC population.

The population estimates of each specific condition evaluated by the
NS-CSHCN and their respective proportions in each class are shown in
Appendix SA2. The conditions having the highest proportion in the complex
class included cerebral palsy (67.4 percent), brain injury (62.7 percent), and
muscular dystrophy (62.5 percent); while the conditions with the lowest pro-
portions in the complex class included asthma (16.8 percent), allergies (19.4
percent), and diabetes (25.2 percent). Similarly, the conditions with lowest
proportions in the noncomplex Class 4 included muscular dystrophy (1.0 per-
cent), intellectual disability (1.1 percent), and brain injury (1.2 percent); while
the highest proportions in this class were allergies (28.3 percent), asthma (26.3
percent), and diabetes (22.5 percent). The conditions with the highest propor-
tions in Class 2 (broad functional impairment alone) and Class 3 (predominant
physical impairment requiring family-delivered care) were attention-deficit/
hyperactivity disorder and cystic fibrosis, respectively.

Figure 1 illustrates relationships among the latent classes, as well as
manifestation of several conditions within the latent classes (cystic fibrosis,
asthma and Down syndrome). For example, children with cystic fibrosis var-
ied across the breadth of functional impairment (48.4 percent in Class 1 and
45.6 percent in Class 3, both of which are classes having higher need for and
use of health care).
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Figure 1: Four Latent Classes among U.S. Children with Special Health
Care Needs—Distinguished by the Extent of Health Care® and Breadth of
Functional Impairment”
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Notes. *Health Care Use and Needs: family delivers health care at home, family needs extra help
coordinating care, providers need to communicate with community resources, including early
intervention, school, or rehabilitation, child needs to see subspecialists, or health condition causes
financial problems. Having multiple factors corresponds to more extensive health care. "Func-
tional Impairment: Physical, Cognitive and Mental Health. Having multiple impairments corre-
sponds to broader overall functional impairment.

Breadth of Functional Impairment

Population

Each complexity class had unique demographic profiles (Table 2). Compared
to the noncomplex Class 4, children in the complex class were younger and
more often male, publicly insured or uninsured, and impoverished. They
were also less often white, non-Hispanic, from a two-parent household, or
household with a parent educated beyond high school.

Outcomes

For every outcome measured, children from the complex class fared the worst
(Tables 3-4).
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Table 2: Characteristics of the U.S. CSHCN Population by Complexity
Class (all data are weighted)

Class 1 Class 2 Class 3 Class 4
Predominant
Physical
Broad Functional Broad Impairment
Impairment Requiring  Functional Requiring Physical
Extensive Health Impairment  Family-Delivered — Impairment
Care (“Complex”) Alone Care Alone
Population estimate (N) 1,969,057 3,766,077 2,277,867 3,088,750
Age
0-5 years 21.5 16.2 28.9 19.9
6-11 years 39.1 42.3 36.6 35.5
>11 years 39.4 41.4 34.5 44.7
Gender
Male 61.7 64.7 54.1 54.6
Female 38.2 35.1 45.7 45.2
Race/ethnicity
White, non-Hispanic 54.4 57.7 55.0 67.4
Black, non-Hispanic 16.0 17.0 18.7 13.3
Hispanic 20.4 18.0 17.9 12.1
Multiple or other 9.2 7.3 8.4 72
Primary language
English 91.2 91.9 93.0 96.0
Other 8.8 8.1 7.0 4.0
Payer category
Private 46.6 53.5 64.1 75.5
Public 49.1 42.0 32.3 22.5
Uninsured 4.3 4.5 3.6 2.0
Poverty level, %
0-99% FPL 31.8 26.5 21.2 11.7
100-199% FPL 25.6 24.4 20.7 172
200-399% FPL 25.0 26.7 30.3 31.7
>400% FPL 17.6 22.4 27.8 39.4
Household educational level
<High school 14.5 14.4 9.9 5.9
High school graduate 21.2 23.6 18.8 15.4
>High school 64.2 62.1 71.3 78.7
Household structure
Parent household 471 49.7 62.1 68.0
(biological or adopted)
Two-parent stepfamily 11.1 11.0 7.6 8.4
household
Mother only household 32.7 29.0 24.9 17.9
Other 9.1 10.3 53 5.7
No. of specialists in 2.7 1.8 1.7 1.4

last 12 months, mean
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Utilization

The complex class had the highest ED visit rates (IRR: 3.34 vs. the noncom-
plex Class 4, 95 percent CI: 3.03-3.70) and odds of hospitalizations (AOR:
11.97, 95 percent CI: 4.27-33.53). Class 3 (Predominant physical impairment
requiring family-delivered care) had the second highest ED rates (IRR: 2.12,
95 percent CI: 1.94-2.34).

Child and Family

All classes were significantly worse across each outcome than the noncomplex
class. Those from the complex class missed the most school days (IRR 2.20, 95
percent CI: 2.09-2.32), had the lowest odds of shared decision making (AOR:
0.31, 95 percent CI: 0.27-0.36), and had the highest odds of a parent stopping
work due to the child’s condition (AOR: 29.48, 95 percent CI: 23.02-37.75)
and facing difficulties or delays in care related to cost (AOR: 10.88, 95 percent
CI: 8.89-13.33). In fact, the predicted probability for at least one parent to stop
working due to the child’s condition was 41 percent in the complex class.

Medical Home

The odds of having an MCHB-defined medical home were significantly lower
for every class than for noncomplex CSHCN. The noncomplex group had a
63 percent predicted probability of having a medical home. Despite having
the highest odds of reporting a personal MD or RN (AOR: 1.53, 95 percent
CI: 1.19-1.96), those in the complex class only had a 20 percent predicted
probability of having a medical home. Of note, Class 3 (predominant physical
impairment requiring family-delivered care) was the only class to have signifi-
cantly higher odds of having a usual source of care than the noncomplex class
(AOR: 1.30, 95 percent CI: 1.08-1.56).

Class 2 versus Class 3 Subanalysis

When comparing Class 2 (broad functional impairment—physical, cognitive,
and mental health—without substantial health care use or needs) and Class 3
(predominant physical impairment requiring family-delivered care) to one
another, Class 2 reported fewer ED visits (IRR: 0.67, p < .001) and missed
school days (IRR: 0.75, p < .001). Class 2, however, also reported lower odds
of shared decision making (AOR: 0.68, p < .001), and higher odds of
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difficulties/delays in care due to cost (AOR: 1.21, p = .024) and parents stop-
ping work due to the condition (AOR: 1.44, p < .001). Class 2 was also less
likely to report having a medical home (AOR: 0.58, p < .001) and had 0.65-
0.78 times the odds of experiencing any of the medical home subcomponents.
Class 2’s predicted probability of having a medical home was 38 percent,
while Class 3’s was 52 percent.

DISCUSSION AND CONCLUSIONS

Using LCA, we were able to describe otherwise unobservable complexity sub-
groups from within the broader CSHCN population. This study is the first to
our knowledge that operationalizes the CMC conceptual framework (van der
Lee et al. 2007; Cohen et al. 2011) to characterize outcomes related to medi-
cal complexity using a robust analytical approach. Though others have identi-
fied latent constructs from the NS-CSHCN, we are not aware of previous
efforts to identify latent classes of children with complexity from this popula-
tion. Blumberg and Carle modeled the well-being of the health care environ-
ment for CSHCN and their families (Blumberg and Carle 2009), finding that
family-centered care and adequate health insurance were associated with bet-
ter levels of the well-being latent construct while unmet family support, no
usual place for care and significant time spent by the family coordinating care
were associated with lower levels of the well-being construct.

Previous researchers have modeled complexity within the NS-CSHCN
along a unidimensional continuum (Carle, Blumberg, and Poblenz 2011).
While it is appealing to consider CSHCN along a single spectrum of complex-
ity, the unique perspective offered by this work is that complexity manifests
along multiple dimensions for CSHCN and their families. Our data suggested
that characterizing CSHCN according to both the breadth of the condition’s
functional impact and the extent of the child’s health care use and needs identi-
fied unique populations with distinct outcomes. Likewise, although there does
appear to be one class with the highest complexity and another with the lowest
complexity, two other classes appear to describe separate populations that do
not track along a single unidirectional continuum (Figure 1). This finding is
supported further by the lack of consistent dose—response relationships in the
odds ratios between Classes 2 and 3 across outcomes. The demographic char-
acteristics of each group also differed significantly. Finally, if each class repre-
sented a subsequently more complex version of another class (i.e., along a
single continuum), one might expect item-response patterns to simply build
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off one another, or at least to relate closely to one another. Instead, we
observed classes to have different response patterns altogether, most notably
when comparing Classes 1, 2, and 3.

Within specific conditions, CSHCN frequently fit into different classes.
For example, cystic fibrosis, often a multisystem and severe illness, is known
to clinically manifest in children in distinct ways with varying levels of sever-
ity. Our model reflected this reality with about half of children with cystic
fibrosis falling into the complex class, a similar proportion in Class 3, and
almost none in Classes 2 or 4. Figure 1 highlights similar examples with
asthma and Down syndrome. We suspect that if individual children were fol-
lowed longitudinally, some would oscillate among different classes depending
on how their health and needs changed with time. These findings further illus-
trate how diagnosis-based systems to identify CMC can oversimplify catego-
rization, in some instances overestimating and in others underestimating
complexity.

Though innovative in approach, ours is not the first study attempting to
create subgroups from the NS-CSHCN. Other researchers have applied vari-
ous criteria, most commonly using the CSHCN screener questions, to identify
more complex populations of CSHCN. When a child meets the NS-CSHCN
criteria on at least two (and especially when >2) screener items, a population
with more health care needs and negative family impact, worse health out-
comes, less adequate insurance, and higher annual expenditures is identified
(Bramlett et al. 2009; Bethell et al. 2014). Others have augmented screener
responses with additional factors such as device needs and/or subspecialist
use to more closely resemble types of criteria used to enroll CSHCN into
complex care clinical programs (Kuo et al. 2011, 2014). Functional limitations
specifically, appears to be an indicator of more complex CSHCN (Mulvihill
et al. 2005; Nageswaran, Silver, and Stein 2008; Bramlett et al. 2009), identi-
fying children having similar negative outcomes to those described above.
Less complex CSHCN have been identified when only having the need for
prescription medications (Bramlett et al. 2009; Carle, Blumberg, and Poblenz
2011), which we also observed (Class 4).

Our work offers a number of unique perspectives from the approaches
described above using the CSHCN screener. First, a key distinction was the
process for defining medical complexity. This approach established more than
a complex / noncomplex dichotomy and was grounded in and provides
empirical support for the proposed CMC conceptual framework (van der Lee
et al. 2007; Cohen et al. 2011; Berry et al. 2013). Second, this analysis likely
provides a finer level of detail with respect to teasing out differential effects of
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functional limitations on CSHCN. While our most complex population
demonstrated significant functional impairment, we identified another group
with broad functional impairment but substantially less health care use and
needs (Class 2). In fact, each group in our study had some degree of functional
impairment. A more nuanced appreciation for the manifestations of
complexity and expected outcomes would likely be achieved by considering
the breadth of functional impairment and the extent of health care delivery
resulting from the child’s condition. Finally, when comparing our results to
the previously described approaches for identifying complexity subgroups,
we found that, similar to previous work, the majority of CSHCN in our
complex class (74 percent) met >2 CSHCN screener criteria, compared to
only 3 percent of CSHCN in Class 4. However, we observed that 34 percent
of Class 2 and only 10 percent of Class 3 met >2 screener criteria, which on a
simple complexity continuum might suggest that CSHCN in Class 2 were
more complex than those in Class 3.

Comparisons between Classes 2 and 3, however, suggest that such a con-
clusion might be misleading. While Class 2 (broad physical, cognitive, and
mental health impairment alone) reported worse experiences with the health
care system than Class 3 (predominant physical impairment requiring family-
delivered care), especially with respect to medical home and shared decision
making, Class 2 nevertheless reported fewer ED visits and fewer missed
school days. If one were to misinterpret CSHCN in Class 2, for instance, as
simply having more functional limitations than those in Class 3, our findings
might then also be misinterpreted as contradicting studies in which CSHCN
with more functional limitations have required more frequent health services
(Bramlett et al. 2009).

The fact that children in Class 3 reported more ED visits while simulta-
neously reporting the highest overall rates of having a usual source of care as
well as better social outcomes (e.g., family income, insurance status) also made
these findings surprising. This observation runs somewhat counter to analyses
of children with Medicaid and commercial insurance in which increased conti-
nuity of care has been associated with lower ED and hospital use, including
among subgroups having diabetes and asthma (Christakis et al. 1999, 2001a,
b). Whether there is a protective effect from having a medical home on subse-
quent health services use among CSHCN is not firmly established (Homer
et al. 2008), and there may be interaction effects based on the breadth of a
child’s functional impairment and extent of their health care needs.

Despite fewer ED visits and missed school days, CSHCN in Class 2
did report significantly worse family impacts than Class 3, with parents
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experiencing more difficulties/delays related to cost, and more parents having
to stop working due to the child’s condition. This is consistent with other work
suggesting that functional impairment resulting from a condition may have
the most influence on family impact (Bumbalo et al. 2005).

These comparisons between Classes 2 and 3 suggest that, even with
fewer family impacts and more positive experiences with the health care sys-
tem, children with predominant physical impairments and significant needs
for health care delivered by their families at home may simply be more vul-
nerable to severe natural exacerbations of their underlying illness or to inter-
ruptions in the care they depend on at home, ultimately resulting in ED visits
and missed school. Those with significant cognitive and mental health impair-
ment in addition to functional impairment (but without significant need for
family-delivered care at home) may be more vulnerable to having family dis-
ruption and difficulty finding care that meets their needs, even though such
challenges may not translate directly to ED use or missed school. We were sur-
prised to not identify a group having cognitive or mental health impairment
alone (i.e., without physical impairment). Research designed to unravel the
causal pathways and directions of associations between these variables is criti-
cally needed.

Limitations

Our findings must be interpreted with caution. Any survey has a number of
biases, including those due to sampling methods and respondent recall. We
were not able to verify parent-reported health services use, including hospital
or ED visits, or specific diagnoses. While this telephonic survey accounted for
landline and cell-phone recruitment, it is unclear how the increase in cell-
phone use might impact selection bias in surveys such as this one. We would
expect that any child with medical complexity would screen positive on the
CSHCN screener, and therefore we would not expect there to be a subset of
CMC who could have been systematically excluded from this survey. The
cross-sectional design does not capture the dynamic nature of medical com-
plexity, which may wax and wane over time, even for children with special
health care needs. A longitudinal study assessing temporal changes in
complexity, and how duration of complexity relates to important outcomes
would provide particularly useful information.

In addition, because of the nature of LCA modeling and item selection,
there is some subjectivity in interpreting latent classes. There is a possibility of
misclassification, and the identified classes may not fully represent all of the



1664 HSR: Health Services Research 51:4 (August 2016)

subgroups that could exist in the population (Collins and Lanza 2010). Fur-
thermore, the NS-CSHCN was not designed with the intent to include a com-
prehensive set of items targeting the CMC conceptual framework upon which
to perform LCA. As such, further work with a refined set of items might
improve the validity of this approach.

Nevertheless, this study’s person-centered framework (LCA), grounded
in a conceptual model of medical complexity, provides a unique and in-depth
understanding of medical complexity among CSHCN. Rather than simply
identifying complex and noncomplex groups, we have identified distinct pop-
ulations that may not be appropriately described on a one-dimensional scale
of complexity. This approach provides a rich and potentially more informa-
tive categorization of medical complexity than disease-specific strategies, cap-
turing that a given condition can lead to medical complexity in one patient but
not another.

Implications

This work has a number of important research, policy, and clinical implica-
tions. Based on our findings, CMC may be as high as 2-3 percent of the U.S.
population, a higher figure than with other CMC definitions in which preva-
lence has been 0.5-1 percent (Neff et al. 2006; Cohen et al. 2012; Berry et al.
2013). These children have dramatically higher rates of ED and hospital use,
significant financial family impacts, and lower rates of experiencing coordi-
nated care within a medical home, despite having similar or better rates of
having a personal provider and usual source of care compared to noncomplex
CSHCN. Reasons for health services use such as ED visits likely differ in the
different classes and might be predicted by breadth of functional impairment
and extent of their health care delivery needs. Strategies to improve such out-
comes must be appropriately tailored to the populations most likely to benefit
from the intervention.

While we confirm that broad health systems improvements are essential
to ensure all children receive care within a medical home, further research is
needed to understand the disparate experiences of children in different classes
and whether there is any causal relationship between the two. Does lack of a
medical home lead to complexity, or does complexity make it extremely diffi-
cult to achieve the medical home ideal?

In addition, parent-reported survey measures have been shown to add
important information to financial risk-adjustment models for CSHCN, and
they may improve capitation payment accuracy (Yu and Dick 2010), though
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the survey items included in such models to date still only account for a small
proportion of the variance in expenditures. Augmenting current diagnosis-
based risk-adjustment methods with classifications such as these could eventu-
ally improve the precision of risk adjustment. Continued survey measure
refinement, and inclusion of items similar to those studied here, may lead to
improved model performance. A next step to improving risk-adjustment
modeling could be to refine these 17 items to a manageable and more limited
subset of essential items.

Beyond health plan or administrator risk adjustment, the indicators
identified in this study could be used by health care providers or complex care
programs to classify patients not only by diagnosis but also by different com-
plexity groups. Though it is likely impractical for providers to administer a
questionnaire to score these 17 items and determine their patients’ latent class
designations, they can likely make an estimation of which class best approxi-
mates a given patient, and therefore forecast the types of outcomes that patient
is at higher risk to experience. Again, refinement of these 17 items to a more
limited reliable and valid subset may eventually lead to a more practical tool
for use directly in the clinical setting. Testing the validity of these categoriza-
tions in a cohort of patients with chart review and patient interview as a gold
standard would be a useful step, with an ultimate goal of developing improve-
ment strategies based on class rather than diagnosis.
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