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Identifying Children With Medical Complexity
From the National Survey of Children’s Health
Combined 2016–17 Data Set
Justin A. Yu, MD, MS,a,b Gina McKernan, PhD,c,g Thomas Hagerman, MD,d Yael Schenker, MD, MAS,e Amy Houtrow, MD, PhD, MPHf,c

A B S T R A C TOBJECTIVES: To develop a method of identifying children with medical complexity (CMC) from the National
Survey of Children’s Health (NSCH) 2016–2017 combined data set, to compare this approach to existing CMC
identification strategies, and to describe sociodemographic characteristics of our CMC sample.

METHODS: Using survey items pertinent to the medical complexity domains in the style by Cohen et al
(chronic health conditions, health service needs, health care use, and functional limitations), we created a
schema to categorize children as CMC by applying a 95th percentile cutoff for survey item positivity. We
applied existing CMC identification techniques to the NSCH. We used 2-proportion z tests to compare the
classification output of our CMC identification method to those of existing approaches. We used x2

analyses to examine relationships between child and family characteristics, comparing CMC with children
with special health care needs (CSHCN) and children with no special health care needs.

RESULTS: Among the 71 811 children in the sample, 1.5% were classified as CMC by our method,
representing almost 1.2 million children (weighted) in the United States in 2016–2017. CSHCN and
children with no special health care needs represented 17.2% (weighted n 5 12.6 million) and 81.2%
(weighted n 5 59.6 million) of the sample, respectively. Our approach classified a significantly smaller
number of CSHCN as CMC than existing CMC identification methods, which classified 3.9% to 13.2% of
the 2016–2017 NSCH sample as more complex (P , .001). CMC status was significantly associated with
male sex, minority race or ethnicity, and experiencing socioeconomic adversity (all P , .001).

CONCLUSIONS: This method enables standardized identification of CMC from NSCH data sets, thus
allowing for an examination of CMC health outcomes, pertinent to pediatric hospitalist medicine,
contained in the survey.
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Children with medical complexity (CMC), as
defined by Cohen et al,1 are characterized by
chronic health conditions, significant health
service needs, major functional limitations,
and high health care use. Although this
definitional framework is widely accepted,
methods to identify CMC differ greatly,
producing varied estimates of CMC
prevalence ranging from 0.4% to 1.9%.2–4

Popular tools relying on administrative data
have been criticized for not fully capturing
needs and functional limitations.5,6 Other
strategies using nationally representative
data were developed for the discontinued
National Survey of Children with Special
Health Care Needs, but those data are now
.10 years old.3,4,7–11

The redesigned National Survey of Children’s
Health (NSCH) is an opportunity to update
estimates and characterization of the CMC
population. Although the NSCH contains
elements of the National Survey of Children
with Special Health Care Needs, CMC
identification methods described by Kuo
et al3 and Coller et al9 cannot be applied to
the NSCH because they rely on survey items
that were discarded or altered significantly.
Techniques developed by Bramlett et al8 and
Bethell et al,7 which use numeric thresholds
or combinations of children with special
health care needs (CSHCN) screener
components, including the current
approach used by the Data Resource Center
for Child and Adolescent Health (DRCCAH),
have not been closely examined when
applied to the NSCH data set.12

Therefore, we developed a method,
informed by existing strategies, to identify
CMC from the NSCH that operationalizes the
holistic definition of medical complexity
presented by Cohen et al.1,3,9 We compare
the classification output of this method to
previously described approaches when
applied to the NSCH 2016–2017 data set.7,8,13

We then characterize sociodemographics of
our CMC population and compare with
previous descriptions in the literature.

METHODS

This is a secondary analysis of the NSCH
combined 2016–2017 data set. The NSCH
underwent significant changes in 2016.13

Conducted annually by the US Census
Bureau, 1 child per randomly selected

household is chosen to produce national-
level data on the health of American
children.14,15 The overall weighted response
rate was 40.7% for 2016 and 37.4% for 2017.13

This study received exempt status from the
university’s institutional review board.

Using the CSHCN screener questionnaire
contained in the NSCH, we differentiated
between children with no special health
care needs (non-SHCN) and CSHCN (children
experiencing $1 health consequence
because of a condition lasting
$12 months).16 Informed by existing
strategies and collective clinical
experiences, a multidisciplinary team,
including clinicians trained in pediatric
rehabilitation medicine, general pediatrics,
and pediatric and adult palliative care,
constructed diagnoses- and consequences-
based CMC inclusion criteria using NSCH
survey items. We considered and sorted all
survey items, through group consensus, into
1 of 5 categories based on the domains of
medical complexity defined by Cohen et al1:
chronic health conditions, health service
needs, functional limitations, health care
use, or item deemed nonpertinent

(Table 1).3,7–9 For each domain, the numeric
cutoff of survey items to be considered
positive was greater than or equal to
that domain’s 95th percentile.17,18 CSHCN
who met inclusion criteria in all
4 medical complexity domains were
classified as CMC.

We also applied existing techniques to
categorize complexity status using
combinations of CSHCN screener
components. Using the quantitative strategy
by Bramlett et al,8 we identified children
who screened positive for $4 criteria.
Using an approach described by Bethell
et al,7,16 we identified children who met the
activity limitations criterion plus at least
1 additional criterion. Lastly, we used the
DRCCAH’s current approach to identify more
complex CSHCN as children who met the
prescription medication criterion plus at
least 1 additional criterion.12

To compare the child, family, and household
characteristics of CMC identified by our
method with those of CSHCN and non-SHCN,
we examined child age, sex, race or
ethnicity, insurance type, caregiver
employment status, caregiver educational

FIGURE 1 Proportions of children classified as medically complex. Our CMC identification
method classified significantly smaller proportions of the NSCH 2016–2017 sample as
medically complex than methods described by Bramlett et al8 ($4 CSHCN screener
criteria), Bethell et al7 (CSHCN screener activity limitations criterion plus 1 additional
criterion), and the DRCCAH (CSHCN screener prescription medication criterion plus
1 additional criterion). National estimates of CMC by using survey weight are
displayed above each approach. Error bars indicate 95% CIs.
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attainment, primary household language,
household income, and family structure.

We compared proportions of children
classified as CMC using our identification
method by survey year (2016 vs 2017) to
examine internal consistency. We
summarized child and family characteristics
by medical complexity status using
descriptive statistics and x2 analysis. We
then compared proportions of children
classified as CMC by our method with
proportions classified by existing methods
using 2-proportion z tests. The correlation
between our schema and existing
techniques was assessed by using x2 tests
of association with Cramer’s V
postestimation (V . 0.5 signified a high
strength of association).19 All statistical
analyses were conducted using appropriate
person-level weights provided by survey
administrators to generate national
estimates, and all statistical analyses
accounted for multiple imputation of
missing values for household income by
using Stata version 15.1.13

RESULTS

In Table 1, we summarize descriptive
statistics and numeric cutoffs for each
domain of our CMC inclusion criteria. For
example, the health service needs domain
includes 8 criteria items. Because the 95th
percentile of the number of survey items
met was 4, any child responding
affirmatively to $4 items had a positive
result for this domain.

Among the 71 811 children in the sample, 1.5%
(n 5 1071; 95% confidence interval [CI]:
1.4%–1.6%) were classified as CMC. Using
survey weights to generate national estimates,
we determined this represented 1.6% of US
children in 2016–2017 (weighted; ∼1.2 million
children). CSHCN and non-SHCN represented
17.2% (12.6 million) and 81.2% (59.6 million) of
the pediatric population, respectively. The
proportion of children classified as CMC did
not differ significantly by survey year (2016 vs
2017: 1.4% [95% CI: 1.3%–1.6%] vs 1.6% [95%
CI: 1.4%–1.8%]) (P 5 .161).

In all existing approaches, significantly
larger proportions of children were
assigned to the “more complex” category
than in our identification method (all P ,TA

BL
E
1

M
ed
ic
al

Co
m
pl
ex
ity

Do
m
ai
ns

an
d
Pe
rt
in
en
t
NS
CH

Ite
m
s

Do
m
ai
n

Pe
rt
in
en
t
Su
rv
ey

Ite
m
s

De
sc
ri
pt
iv
e
St
at
is
tic
s

Do
m
ai
n
Th
re
sh
ol
d

He
al
th

ca
re

us
e

$
2
ED

vi
si
ts
;$

2
pr
ev
en
tiv
e
ch
ec
k-
up
s;
ch
ild

us
ed

m
or
e
m
ed
ic
al
ca
re

th
an

m
os
tc
hi
ld
re
n
be
ca
us
e
of

a
m
ed
ic
al

co
nd
iti
on

la
st
in
g
$
12

m
o

M
ea
n:

0.
4;
m
ed
ia
n:
0;
75
th

pe
rc
en
til
e:
1;
95
th

pe
rc
en
til
e:
2;
99
th

pe
rc
en
til
e:
2

$
2
(6
.8
%

of
th
e
sa
m
pl
e)

He
al
th

se
rv
ic
e
ne
ed
s

Pr
es
cr
ip
tio
n
m
ed
ic
at
io
ns
;p

hy
si
ca
l,
oc
cu
pa
tio
na
l,

sp
ee
ch
,a
nd
/o
r
de
ve
lo
pm

en
ta
l
th
er
ap
y;
sp
ec
ia
lis
t

ca
re
;v
is
io
n
ca
re

re
qu
ir
in
g
an

ey
e
sp
ec
ia
lis
t;
ho
m
e

he
al
th

ca
re
;c
ar
e
co
or
di
na
tio
n;

m
en
ta
l
he
al
th

ca
re
;g
oe
s
to

ED
or

ho
sp
ita
l
w
he
n
si
ck

M
ea
n:

1.
3;
m
ed
ia
n:
1;
75
th

pe
rc
en
til
e:
2;
95
th

pe
rc
en
til
e:
4;
99
th

pe
rc
en
til
e:
5

$
4
(5
.9
%

of
th
e
sa
m
pl
e)

Fu
nc
tio
na
l
lim

ita
tio
ns

He
al
th

co
nd
iti
on
s
af
fe
ct

ab
ili
ty
to

do
th
in
gs
;l
im
ite
d

ab
ili
ty
to

do
th
in
gs

m
os
t
ch
ild
re
n
ca
n
do

be
ca
us
e

of
a
he
al
th

co
nd
iti
on

la
st
in
g
$
12

m
o

M
ea
n:

0.
1;
m
ed
ia
n:
0;
75
th

pe
rc
en
til
e:
0;
95
th

pe
rc
en
til
e:
1;
99
th

pe
rc
en
til
e:
2

$
1
(6
.2
%

of
sa
m
pl
e)

Co
m
pl
ex

ch
ro
ni
c
co
nd
iti
on
s
(p
os
iti
ve

if
ei
th
er

sy
m
pt
om

s
or

co
nd
iti
on
s
su
bd
om

ai
n
cr
ite
ri
a
ar
e

m
et
)

13
.1
%

of
sa
m
pl
e
m
et

cr
ite
ri
a

Sy
m
pt
om

s
(d
iffi
cu
lty

w
ith

th
e
fo
llo
w
in
g)

Br
ea
th
in
g,
sw

al
lo
w
in
g,
di
ge
st
io
n
or

in
te
st
in
es
,

ch
ro
ni
c
ph
ys
ic
al

pa
in
,u
si
ng

ha
nd
s,
co
or
di
na
tio
n

or
m
ov
in
g
ar
ou
nd
,g
um

bl
ee
di
ng
,d

ea
fn
es
s
or

pr
ob
le
m
s
he
ar
in
g,
bl
in
dn
es
s
or

pr
ob
le
m
s
se
ei
ng

M
ea
n:

0.
3;
m
ed
ia
n:
0;
75
th

pe
rc
en
til
e:
0;
95
th

pe
rc
en
til
e:
2;
99
th

pe
rc
en
til
e:
3

$
2

Co
nd
iti
on
s
(c
ur
re
nt

an
d/
or

se
ve
re
)

Al
le
rg
ie
s,
ar
th
ri
tis
,a
st
hm

a,
bl
oo
d
di
so
rd
er
,b
ra
in

in
ju
ry
,c
er
eb
ra
l
pa
ls
y,
cy
st
ic
fi
br
os
is
,d

ia
be
te
s,

Do
w
n
sy
nd
ro
m
e,
ep
ile
ps
y,
ge
ne
tic

co
nd
iti
on
,h
ea
rt

co
nd
iti
on
,h
ea
da
ch
es
,T
ou
re
tt
e’s

sy
nd
ro
m
e,

an
xi
et
y,
de
pr
es
si
on
,b
eh
av
io
r
pr
ob
le
m
s,

de
ve
lo
pm

en
ta
l
de
la
y,
in
te
lle
ct
ua
l
or

le
an
in
g

di
sa
bi
lit
y,
sp
ee
ch

di
so
rd
er
,a
ut
is
m

sp
ec
tr
um

di
so
rd
er
,s
ub
st
an
ce

ab
us
e,
ot
he
r

Co
nd
iti
on
s
cu
rr
en
tly

pr
es
en
t:
m
ea
n:

0.
8;
m
ed
ia
n:
0;

75
th

pe
rc
en
til
e:
1;
95
th

pe
rc
en
til
e:
4;
99
th

pe
rc
en
til
e:
7.
Se
ve
re

co
nd
iti
on
s:
m
ea
n:

0.
1;
m
ed
ia
n:

0;
75
th

pe
rc
en
til
e:
1;
95
th

pe
rc
en
til
e:
1;
99
th

pe
rc
en
til
e:
2

$
4
co
nd
iti
on
s
cu
rr
en
tly

pr
es
en
t
or

$
1

co
nd
iti
on

de
sc
ri
be
d
as

se
ve
re

ED
,e
m
er
ge
nc
y
de
pa
rt
m
en
t.

194 YU et al



.001) (Fig 1). Children meeting $4 CSHCN
screener criteria (Bramlett et al8)
accounted for 3.9% (95% CI: 3.8%–4.0%) of
the sample (2.7 million children). Children

meeting the CSHCN screener activity
limitation criterion and at least 1 additional
criterion (Bethell et al7) represented 5.1%
(95% CI: 4.9%–5.2%) of the sample

(3.5 million children). The DRCCAH’s current
approach classified 13.2% (95% CI:
12.6%–13.7%) of the sample as more
complex (9.7 million children).

TABLE 2 Child and Family Characteristics Overall and by Medical Complexity Status (Total Sample N 5 73 387 211)

Characteristic Overall, Weighted
%

Non-SHCN
(n 5 59c624c982 [81.2%]),

Weighted %

CSHCN
(n 5 12c606c103 [17.2%]),

Weighted %

CMC
(n 5 1c156c126 [1.6%]),

Weighted %

Pa

Age, y

0–5 32.3 35.6 18.1 16.0 ,0.001

6–11 33.9 32.9 38.3 35.9

12–17 33.8 31.5 43.6 48.1

Sex

Male 51.1 49.5 57.2 66.9 ,0.001

Female 48.9 50.5 42.8 33.1

Race

White 51.4 51.5 51.7 45.9 ,0.001

Black 13.1 12.0 17.7 19.3

Hispanic 24.7 25.3 21.8 27.1

Other 10.8 11.2 8.9 7.6

Insurance type

Public 31.3 29.3 38.4 52.7 ,0.001

Private 57.1 59.4 49.8 22.0

Mix of public and private 4.6 3.9 6.7 20.1

Unknown type 0.8 0.8 0.9 0.5

Uninsured 6.2 6.6 4.1 4.3

Family income, % FPL

$400 30.2 30.9 27.9 15.7 ,0.001

200–399 6.8 27.2 25.7 21.2

100–199 21.8 21.7 22.3 26.2

,100 21.2 20.2 24.1 36.9

Parental employment

$1 parent employed 96.3 96.4 96.0 90.0 ,0.001

Unemployed 3.7 3.6 4.0 10.0

Highest household education
level

College or higher 50.4 51.3 47.6 35.3 ,0.001

Some college 23.8 23.2 25.6 31.3

High school or equivalent 20.9 20.6 21.7 27.4

Less than high school 4.9 4.9 5.1 6.1

Household family structure

2 parents, married 67.1 69.6 56.9 49.7 ,0.001

2 parents, not married 8.9 8.8 9.2 12.7

Single parent 16.3 14.6 23.4 24.4

Other family type 7.7 6.9 10.6 13.2

Primary household language

English 85.6 84.3 91.2 88.9 ,0.001

Non-English 14.4 15.7 8.8 11.1

All data were weighted for survey to generate national estimates. FPL, federal poverty level.
a x2 analysis.
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Our method’s classification output was
significantly and strongly correlated to the
classification of these approaches. Of the
1071 children our method classified as CMC,
85.8% met criteria for method by Bramlett
et al8 (n 5 919; P , .001; Cramer’s V 5
0.582), 90.9% were CSHCN with activity
limitations by using the method by Bethell
et al7 (n 5 974; P , .001; Cramer’s V 5
0.581), and 90.7% met the DRCCAH’s “more
complex” CSHCN criteria (n5 971; P, .001;
Cramer’s V 5 0.646).

Compared to non-SHCN and CSHCN status,
medical complexity status was significantly
associated with male sex, minority race or
ethnicity, and having public insurance (all P
, .001) (Table 2). It was also significantly
associated with living in primarily English-
speaking, poorer, and single-parent
households and having unemployed
parental caregivers with lower educational
attainment (all P , .001).

DISCUSSION

We describe a novel method, taking a
multidimensional view of medical
complexity, to identify CMC from the
combined 2016–2017 NSCH.1 We estimated
the national prevalence of medical
complexity to be 1.6%. We redemonstrate
that medical complexity status is associated
with socioeconomic adversity.11,20,21

Unlike existing approaches, which all rely
exclusively on the CSHCN screener, our CMC
identification method does not discount
children’s health service needs or functional
limitations. Similar to the multidimensional
model of CMC as children with functional
limitations requiring extensive health care
use (estimated CMC prevalence of 2%–3%)
by Coller et al,9 our method identifies
children whose health conditions impact
most, if not all, aspects of their well-being.
Although we were unable to adapt this
technique to the NSCH for comparison, our
criteria items map onto similar domains:
difficulty with physical, cognitive, or mental
health function; activity limitations; health
care use; and health needs. We believe this
explains why the proportion of CSCHN our
schema identified as medically complex is
similar to that identified by Coller et al9 but
significantly smaller than those identified by

existing techniques by using the CSHCN
screener in the NSCH.

The similarities between the
sociodemographics of our CMC sample and
previous descriptions of the CMC population
also suggest our method captured the
expected population.3,9 Similar to previous
reports, we found CMC status was
significantly associated with male sex, Black
race and Hispanic ethnicity, and receiving
public insurance.9,11,22–24 We also
redemonstrate that higher proportions of
CMC live in poorer, single-parent households
with unemployed parental caregivers with
lower educational attainment.11,22

Our identification method provides an
additional strategy for stratifying children in
the NSCH on the basis of medical complexity.
This approach identifies children meeting
all aspects of the complexity construct by
Cohen et al1 and would benefit from
intensive care coordination interventions.25

Existing techniques can still be applied to
the NSCH to identify other meaningful
subgroups of CSHCN, such as children
primarily experiencing emotional or
behavioral conditions.7

The NSCH was not designed to focus on
CMC, so additional information pertinent to
the domains of medical complexity by Cohen
et al1 might be absent. The cross-sectional
design of the NSCH cannot account for the
fluctuating nature of medical complexity.
The survey format is dependent on parent
report; hence, it is vulnerable to recall and
sampling bias.8,13 Although the decision to
use the 95th percentile as the cutoff for
each complexity domain is somewhat
arbitrary, this is often the case when
initially selecting percentile standards in
relation to any health outcome measure.26

Validation of this cutoff will require further
data collection and analysis. Because we
were unable to link to data sets containing
billing and/or expenditure information
(because of the deidentified nature of the
NSCH), we could not compare our method to
other CMC identification tools that use
administrative data sets.13

CONCLUSIONS

We developed a method to identify CMC
from the redesigned NSCH. This approach

can be reapplied to the NSCH for ongoing
assessments of CMC health outcomes
pertinent to pediatric hospitalists and for
comparing outcomes between CMC and
other pediatric populations. Validation of
our approach among patients whose
medical complexity can be confirmed is a
potential next step.
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