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s many as 3 million US individuals were affected by
type 1 diabetes (T1D)in 2011, with youths aged un-
der 20 years comprising a large group at particular
risk for healthcare disparities.! Over 15,000 US children are
newly diagnosed with T1D each year,! and for unclear rea-
sons, the incidence of T1D in children under the age of 14
has been reported to be increasing by 3% annually world-
wide.?? Most ‘alarming, the incidence of diabetic'ketoacido-
sis (DKA) in the United States continues to increase even
more rapidly than the'incidence of ‘patients being newly
diagnosed with diabetes.*® Since readmission for pediatric
DKA is expensive, associated with significant morbidity
and mortality, and largely preventable, active research has
been focusing on variation in resource use.®
A significant proportion of youths are enrolled in a state
Medicaid program, and lack of standardization among these
programs can contribute to disparities in access and quality
of care for those with diabetes.” Many state Medicaid pro-
grams have had some level of managed care penetration for
over 30 years, with mixed evidence for reduced healthcare

811 Medicaid programs have been set up as

costs in adults.
traditional indemnity plans, or as various managed care or-
ganizations (MCQOs) with mixed levels of implied risk. The
potential benefits of MCOs include provision of comprehen-
sive healthcare at reduced cost.!! Economic and clinical strat-
egies within managed care plans also directly affect physician
compliance with best practices, efforts to improve outcomes,
and coordination of care across clinical services through
case management.'”"> Tools applied within MCOs have in-
cluded: 1) maintaining a “gatekeeper” in efforts to improve
coordination of care, 2) limiting access to services with prior
authorizations and pre-certifications, 3) limiting formularies,
4) sharing risk by arrangement, and 5) controlling access to
supplies and equipment.!!

Although each state coordinates its own Medicaid program,

the federal government now pays an average of 57% of the to-

ABSTRACT

Objectives: To determine whether the likelihood of readmission
(adjusted for severity on first admission) for pediatric type 1
diabetes (T1D) differs between Medicaid managed care and non-
managed care.

Study Design: De-identified patients were retrospectively selected
from the Pediatric Health Information Systems database of the
Children’s Hospital Association (CHA). The cohort of 42 hospitals
across 25 states included discharges between 2008 and 2011 for
patients who were receiving Medicaid at the time of service and
hadT1D as their diagnosis.

Methods: Multiple factors and co-variants for readmission were
analyzed by logistic regression, including age, race, gender,
severity of illness, and state of admission.

Results: Of 14,544 T1D discharges with Medicaid, 4985 were
readmitted, including 1792 readmitted for diabetic ketoacidosis
(DKA). Despite similar rates of DKA between the managed care
and non-managed care cohorts, overall 90-day readmission was
1.12 times more likely for Medicaid patients on non-managed
care plans than those on managed care (odds ratio, 1.12; range
= 1.04-1.20; both adjusted for severity of iliness). Significant con-
tributors were race, age, and gender; the relationship of location
(state) and days between readmissions was also significant.The
conservative estimate of cost reduction from Medicaid managed
care related to lower readmission rate for pediatricT1D across
CHA institutions between 2008 and 2011 was $2.6 million.
Conclusions: From the largest, national, defined cohort available for
contemporary study, youths withT1D on Medicaid managed care
plans were less likely to be readmitted within 90 days of discharge.
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tal Medicaid program costs.!®!® As leaders of
federal and state Medicaid programs have
recognized the rising cost, they have imple-
mented programs to manage care in order to
reduce expenditures; this trend has acceler-
ated over the past 15 years, despite mixed
evidence of actual cost reduction (vs tradi-
tional fee-for-service).!” Medicaid expansion
and reforms related to the Affordable Care

Reducing Pediatric T1D Readmissions

Take-Away Points

This large national study of 42 free-standing children’s hospitals across 25 states
compared youths with type 1 diabetes (T1D) on Medicaid insurance who received a
managed care product with peers who did not. Key findings were:

B Youths withT1D on Medicaid managed care were less likely to be readmitted within
90 days, adjusting for severity, despite similar rates of diabetic ketoacidosis (DKA).

B States displayed wide variation in overall readmission rates for diabetes and
those presenting in DKA.

B Policy makers should build on specific successes with the use of managed care
tools (eg, case management, health information technology) to reduce preventable

readmissions related to pediatricT1D.

Act (ACA) will hopefully yield more mean-
ingful analyses in this regard.

Compounding regional workforce challenges for
youths with diabetes,!® recent studies have demonstrated
that those with public or no insurance were more likely to
be hospitalized than those on private insurance.” Market
efforts to evaluate the effects of competition and risk mod-
els through managed care have yielded mixed evidence
for optimizing clinical outcomes.”’ To our knowledge, no
study to date has focused directly on the national impact
of managed care on pediatric diabetes.

Using the Pediatric Health Information Systems (PHIS)
database from the Children’s Hospital Association (CHA),
the present study compares managed care to non—-man-
aged care by evaluating all readmissions within 90 days
for youths with T1D receiving Medicaid. The goal of this
research is to understand the effects of managed care for
youths admitted on their initial visits with T1D, those re-
admitted for T1D, and those readmitted for DKA, while
adjusting for admissions related to nondiabetic issues.

Forty-two institutions across 25 states comprise the
CHA, the nation’s largest consortium of children’s hos-
pitals. De-identified administrative and clinical data were
retrieved from the CHA’s PHIS database between 2008
and 2011. The primary sample was the multi-state cohort
of all patients from the CHA data set, including 25 states
and 42 children’s hospitals that had consistently submit-
ted data between 2008 and 2011; 1 hospital was removed
from the data analysis due to inconsistencies with data
from that site. Data for analysis included all patients who
were discharged from any participating CHA institu-
tion between 2008 and 2011. Data were filtered for those
patients on a Medicaid program, and then for T1D; all
episodes were grouped using the All Patients Refined Di-
agnosis-Related Group approach, with severity of illness
assigned on the first admission. Data for the sample were
based on the following final diagnoses for any patient in
the data set: 250.01 (T1D without mention of complica-

tion; 50%); 250.03 (uncontrolled T1D; 6%); 250.11 (T1D
with ketoacidosis, not stated as uncontrolled; 3%); and
250.13 (T1D with ketoacidosis, uncontrolled; 41%).

Across the 42 hospitals contributing to the data set,
14,544 patients with diabetes on in-state Medicaid were
flagged as either “managed care” (7835) or “other” (6709).
We excluded out-of-state Medicaid patients due to con-
cern about potential confounding of the analysis if the
patient was unlikely to return to the same hospital. Al-
though the analysis included all patients with these
diagnoses, data were classified as either: 1) all diabetic re-
admissions with a coded diabetes diagnosis, or 2) all dia-
betes, whether readmitted or not with DKA. Across the
data set, 9633 patients with diabetes were not readmitted
(66.6%) (Table 1), and of the 4985 readmissions, 1792 were
diagnosed with DKA. For this retrospective longitudinal
cohort, all participants were continuously enrolled over
the time period studied and were not excluded if they did
not have a readmission.

The dependent variable was diabetic readmission for di-
abetes (Yes/No) or for diabetes with DKA (Yes/No). The
independent variables were managed care flag (primary as
a categorical variable) and age, gender, race, and severity
of illness on first admission. Covariates were measured at
the time of discharge. The blinded data set lacked personal
health information linked to any specific patient. Severity
of illness was determined by CHA institutions, as previ-
ously described.?! All analyses were performed using SAS
version 9.2 (SAS Institute, Cary, North Carolina). The
CHA and the Medical University of South Carolina Insti-
tutional Review Board approved the study.

To estimate the cost savings associated with reduced re-
admissions, we adapted our previously reported method.?
Based on 1 representative CHA hospital’s average daily
charge ($4695) for ward admission of pediatric diabetes,
we multiplied this average daily charge by the CHA’s re-
ported average for readmission length of stay and by the
calculated difference in readmission rates with managed

care. Cost estimates are reported in 2013 US dollars.
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CLINICAL

B Table 1. Raw Rates for Diabetic Readmission
Across All Points of Re-entry? in 42 CHA Institutions,
2008-2011

Readmit Readmit
Hospital Total With Diabetes Readmit
State Hospitals Diabetes Primary With DKA
AL 1 17.74% 16.03% 16.03%
AR 1 15.03% 13.34% 13.04%
AZ 1 11.49% 9.58% 4.60%
CA 6 714% 6.47% 4.89%
Cco 1 7.75% 5.54% 3.69%
CT 1 6.82% 6.82% 5.68%
FL 2 16.38% 14.82% 12.95%
GA 1 8.25% 7.87% 6.72%
IL 1 10.28% 8.27% 5.51%
IN 1 8.23% 6.96% 6.33%
LA 1 17.19% 14.84% 14.06%
MA 1 13.64% 11.93% 7.95%
Ml 1 27.33% 24.82% 25.33%
MN 1 11.44% 10.90% 8.99%
MO 2 25.35% 23.56% 18.54%
NE 1 4.49% 4.08% 3.67%
NY 2 23.54% 21.35% 18.61%
OH 4 15.22% 13.42% 11.52%
PA 2 11.44% 10.04% 7.53%
TN S 15.67% 15.31% 14.86%
X 4 15.55% 14.32% 14.06%
uT 1 8.81% 7.25% 7.77%
VA 1 14.81% 14.03% 14.03%
WA 1 11.97% 10.83% 10.54%
Wi 1 14.79% 12.68% 12.68%
Total’ 42 14.96% 13.57% 12.10%

CHA indicates Children’s Hospital Association; DKA: diabetic ketoacido-
sis; readmit, readmitted.

2|ncluding inpatient, observation, and emergency department.

> One hospital was removed from this total due to data integrity issues
from the site and was not included in this table.

During the study period, 14,544 qualifying discharges for
pediatric diabetes among 42 hospitals met our entry criteria,
and these data represented 12,618 individual patients. Table 1
illustrates the total numbers of readmissions by category. Pa-
tients are not unique in each category because those who are
readmitted for diabetes may also be readmitted due to DKA.
Overall, 14.9% of the 12,618 patients were readmitted with
a diagnosis of T1D within 90 days, and 12.1% of those were
readmitted with DKA. Time to readmission ranged from 0
to 90 days, with a mean of 38.5 days between readmissions.

Crude readmission rates for diabetes, sorted by state
(Table 1), ranged from 4.08% to 24.82% (mean = 13.57%),
with readmission rates for DKA ranging from 3.69% to
25.33% (mean = 12.10%). For the overall diabetic admis-
sion rate, the patient’s race (P <.0001), age (P <.0001),
and gender (P <.03) were all significant factors (Table 2).
When combined with any of these factors, the primary
insurance type contributed significantly to the model. Ad-
justing for severity of illness, logistic regression revealed
that overall readmissions at 90 days were 1.12 times more
likely for Medicaid patients on non-managed care plans
than for those on managed care plans (odds ratio, 1.12;
95% CI, 1.04-1.20) (Table 3). When both the overall diabet-
ic readmission rate and the DKA readmission rate were
introduced as factors into the model, primary insurance
type became more significant. Analysis demonstrated a
highly significant relationship between the US state and
the number of days between readmissions (P <.0001), even
after adjusting for severity. For those patients readmitted
with DKA, we observed no difference in readmissions be-
tween managed care and non—-managed care groups. No
significant differences were observed for DKA readmis-
sions at 7 days or 30 days.

To estimate actual cost savings from managed care
during this study period, we assessed the observed rate of
readmission of 14.9% for 14,544 readmissions; thus, 2167
readmissions were diabetes-related. The average daily
charge for ward admission of pediatric patients with T1D
was $4695 at one CHA-participating hospital, which can
be used as an average amount across the other CHA hos-
pitals.?? During this study period, the CHA reported that
the average readmission length of stay for pediatric dia-
betes was 2.37 days, and the calculated difference in over-
all readmission rates with Medicaid managed care was
7.6%, or 549 readmission days, between 2008 and 2011.
Adapting our previously reported method? conserva-
tively yields an estimated cost savings of $2.6 million for
the overall 4 years (2008-2011), or $644,388 per year with
Medicaid managed care across the CHA.

To our knowledge, this study is the first national, multi-
hospital evaluation of readmission rates for children with
diabetes on Medicaid by focusing on the type of health
plan and its relationship to readmissions. This is also the
first national study to demonstrate that youths with T1D
enrolled in Medicaid managed care plans are significantly
less likely to be readmitted compared with non-managed
care Medicaid plans. We observed significant differences
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B Table 2. Sociodemographic Characteristics With
Severity of lliness and Risk of Mortality of T1D Patients
in 42 CHA Institutions

Managed Care Non-Managed Care P

Variable n (%) n (%) Baseline
Race
White 3829 (26.3%) 3092 (21.3%)
Black 3086 (21.4%) 2522 (17.3%) <0001
Other 920 (6.3%) 1095 (7.5%)
Gender
Male 3376 (23.2%) 3014 (20.7%) .03
Female 4459 (30.7%) 3695 (25.4%)
Age, years
<1 22 (0.2%) 35 (0.2%)
1-2 274 (1.9%) 271 (1.9%)
35 589 (4.0%) 472 (3.2%) <0001
6-12 3156 (21.7%) 2483 (17.1%)
>12 3794 (26.1%) 3448 (23.7%)
SOl
1 2927 (36.3%) 2387 (34.6%)
2 4713 (58.5%) 4202 (60.9%) .03
3 347 (4.3%) 256 (3.7%)
4 64 (0.7%) 44 (0.6%)

CHA indicates Children’s Hospital Association; SOI, severity of iliness;
T1D, type 1 diabetes.

in readmission rates at 90 days across these free-standing
children’s hospitals; the 90-day interval is clinically rel-
evant, because routine follow-up of patients with diabetes
is conducted every 3 months. Although CMS uses 30-day
admission to indicate quality of care, this traditional ap-
proach derived primarily from surgical cases and nondi-
abetic medical conditions in which the acute morbidity
within 30 days is more relevant, in contrast to the gener-
ally healthy youths with T1D in our present study. Used
universally to assess chronic glycemic control (ie, diabetes
care), the glycated hemoglobin A1C (A1C) reflects turn-
over of the circulating erythrocyte population, which
typically occurs every 90 to 120 days.?? Thus, the full effect
from changes in diabetes care after a hospital admission
would not be reflected in the A1C until at least 90 days
after discharge. Unfortunately, the PHIS database lacked
specific clinical values such as A1C.

A surprising finding of the present CHA study was that
youths with T1D were not more likely to be readmitted for
DKA based on their primary insurance type. This unex-
pected observation may reflect that patients who are not on
a managed care product are more likely to use the hospital
and/or the emergency department (ED) as a primary care

Reducing Pediatric T1D Readmissions

setting compared with those on a managed care Medicaid
plan. The likelihood of seeking healthcare at an inappropri-
ate setting might be greater for those patients not on man-
aged care plans. On the other hand, however, patients with
DKA may simply be more likely to present at a hospital once
they are clinically compromised, regardless of insurance type.

A particular strength of our study was the inclusion
of inpatient, observation, and ED readmissions. This ap-
proach enabled deeper analysis of the type of services pro-
vided, both on initial visit (adjusted for severity) and on
return. Other studies of readmission have focused only
on initial inpatient hospitalization and/or ED encoun-
ters, which do not account for patients who leave the ED
nor those who were on observation status.®** Moreover,
prior studies have not considered those who returned to
the hospital but were not admitted as inpatients.?>* Qur
present study concurs with other reports suggesting that
race is the most significant factor with respect to diabetic
readmissions, although age and gender are also significant
risk contributors.”” These observations support the need
for interventions focused on specific races and age groups,
early diabetic education, and improved engagement of the
family in outpatient settings.?

Copious literature validates readmission as one proxy
indicator for quality of diabetes care and affirms that specif-
ic clinical pathways can prevent hospital readmissions.?”*°
A high readmission rate reflects the quality of the initial
hospitalization and underscores areas needing improve-
ment, especially for those with DKA.*'3 A health plan’s
expectations of providers directly influence the key in-
terventions cited nationally as best practices for diabetes
care.’*** Nearly all hospitals in our CHA study displayed
significant variation of readmission rates, both for overall
diabetes and for DKA-specific etiologies. Connecticut, In-
diana, and Utah displayed the largest observed variation in
days between readmissions in this analysis; however, only 1
free-standing children’s hospital exists within each of these
states, so these results should not infer a causal relation-
ship with the state Medicaid plan structure. Future insights
might be gleaned from states presenting a greater number
of hospitals per state to evaluate (eg, TX, FL, CA, TN). Fu-
ture studies could compare the managed care relationship
across states with a larger sample of children’s hospitals.

For most states, the CHA-participating hospitals cap-
ture the majority of pediatric admissions for subspecialty
care.”! Incomplete access to data by state limits our analysis,
because PHIS data only represent children encountered at
one of the participating CHA children’s hospitals. PHIS
for CHA cannot capture all admissions for youths with di-

abetes within these states. Lag time prior to accessing these
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B Table 3. Unadjusted and Adjusted Odds Ratios Between Factors
and 90-Day Readmissions for Diabetes Among Patients WithT1D

Non-DKA Readmissions for Diabetes

Unadjusted

Variable Readmissions OR (95% ClI)
Payment type

Managed care 53.8% ref

Non-managed care 46.2% 1.11 (1.03-1.19)
Race

White 48.0% ref

Black 38.1% 1.86 (1.73-2.01)

Other 13.9% 0.87 (0.77-0.97)
Gender

Male 44.0% ref

Female 56.0% 1.47 (1.37-1.58)
Age, years

<1 1.0% 4.49 (2.54-793)

1-2 3.2% 1.10 (0.86-1.41)

3-5 72% ref

6-12 38.8% 1.24 (1.06-1.45)

>12 49.8% 2.12 (1.82-2.47)
SOl

1 32% ref

2 63% 1.26 (1.17-1.36)

3 4% 1.21 (1.00-1.45)

4 1% 2.05 (1.32-3.18)

DKA indicates diabetic ketoacidosis; OR, odds ratio; ref, reference; SOI, severity of illness;

T1D, type 1 diabetes.

data also contributes to this ascertainment bias. However,
the available PHIS data were well vetted by consistent data
submissions by each participating hospital during 2008
through 2011. Using PHIS data, Stone et al recently report-
ed primary payer status as an independent predictor of risk-
adjusted postoperative mortality, morbidity, and resource

utilization among pediatric surgical patients.®

Limitations

A potential limitation of this study relates to interpreta-
tion of “managed care” across institutions. Although the
PHIS data dictionary defines managed care, each individ-
ual hospital can independently interpret this concept due
to variation in Medicaid programs nationally (eg, level of
benefits, number of providers by plan, access to special-
ists and subspecialists, and the amount of patient/family
coinsurance). Many nondiabetic reasons for readmissions
were not assessable with the available data set. Addi-
tionally, our study could not directly test for educational

Adjusted for

1.404 (1.31-1.51)

4.820 (2.65-8.76)
1.174 (0.91-1.51)

1.141 (0.974-1.34)
1.898 (1.63-2.22)

level of the parents, family income levels
(although assumed to be less than the mini-
mum federal poverty threshold in order to
acquire Medicaid), or other socioeconomic

Severity contributors. Therefore, the observed re-

OR (95% Cl)

sults do not necessarily indicate poor care
quality for those hospitals with higher re-
admissions. Our observations do affirm

1.12 (1.04-1.20) successful access to care for many health
plan formats. Managed care plans can pro-
vide greater support for addressing specific

1.79 (1.66-1.94) social variables, such as parental support

0.88 (0.78-0.99) and education, socioeconomic indicators,

racial disparities, school system support,
and insurance continuity for youths with
diabetes.*** Medicaid plans address many
of these challenges and have reduced read-
missions unrelated to diabetes.?*#

The American Diabetes Association
has successfully promoted enacting laws
to require state-regulated health insurers
to cover diabetes supplies. Opposition per-
sists to such statutes because of concern
about increased overall system costs, but

public health insurance has been shown

1.19(1.10-1.28) to improve pediatric diabetes management
1.03 (0.85-1.25) by increasing access to critical supplies
1.93 (1.27-2.93)

and equipment (eg, glucose monitoring
strips and insulin pen devices).® Studying
patients with diabetes in 31 health plans
across the United States, Roski et al ob-
served extreme variations in resource utilization, yet mi-
nor variance in quality outcomes.* Analyzing data from
42 CHA hospitals in the PHIS database, Feudtner et al
recently reported that better-performing hospitals (as de-
fined by the Commonwealth Fund) were more likely to
have higher readmission rates.* Saha et al observed that
preventable hospitalizations for adults with diabetes in-
creased with improved access to care.* Even if such data
imply that utilization of particular resources does not af-
fect readmission outcomes, the direct benefits to patients
from access to appropriate care cannot be understated.
The present CHA study design could not estimate addi-
tional—and potentially significant—cost savings for fami-
lies related to reduced absenteeism (from work or school)
and reduced commuting time between their homes and
the hospitals due to lower readmission rates.?

Finally, the retrospective design limits generalization.
The inability to fully control an outpatient environment

precludes conclusions applicable across all Medicaid pro-
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grams, even for a cohort as specific as youths with T1D.
Differences in populations, provider access, eligibility
criteria, and plan benefits represent major variables; we
attempted to account for demographic differences, but
unique variables by plan could not be controlled retro-
spectively. Moreover, it is not feasible to control prospec-
tively for these differences between states, so one should
not assume that individual case studies for one state will

yield the same result elsewhere.

After adjusting for severity, youths with T1D on Med-
icaid managed care in this national CHA cohort were
significantly less likely to be readmitted within 90 days.
Being in a managed care plan resulted in substantial cost
savings during 2008 through 2011, despite large variation
across 26 states with respect to readmission rates. Policy
makers should consider these data when structuring and
monitoring state Medicaid products.!® Policy makers
should explore specific successes with managed care tools
(eg, health information technology, case management) to

improve adherence to evidence-based practice for T1D

as approaches to reduce preventable readmissions.?>**

As national efforts evolve to develop “Medicare type so-
lutions” for chronic pediatric disease management, this
CHA study could guide ACA implementation and Med-
icaid expansion to develop and leverage managed care

tools that reduce expensive readmissions.
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