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Effect of State-Led Delivery
System and Payment Reforms on
Population-Level Detection and
Management of Diabetes
Diabetes Care 2022;45:2255–2263 | https://doi.org/10.2337/dc21-2425

Hector P. Rodriguez,1 Brent D. Fulton,1

Aryn Z. Phillips,1,2 and Karl Rubio1

OBJECTIVE

The Centers for Medicare and Medicaid Services State Innovation Models (SIM)
initiative has invested more than $1 billion to test state-led delivery system and
payment reforms that can affect diabetes care management. We examined
whether SIM implementation between 2013 and 2017 was associated with diag-
nosed diabetes prevalence or with hospitalization or 30-day readmission rate
among diagnosed adults.

RESEARCH DESIGN AND METHODS

The quasiexperimental design compared study outcomes before and after the
SIM initiative in 12 SIM states versus five comparison states using difference-
in-differences (DiD) regression models of 21,055,714 hospitalizations for adults
age ‡18 years diagnosed with diabetes in 889 counties from 2010 to 2017 across
the 17 states. For readmission analyses, comparative interrupted time series
(CITS) models included 11,812,993 hospitalizations from a subset of nine states.

RESULTS

Diagnosed diabetes prevalence changes were not significantly different between
SIM states and comparison states. Hospitalization rates were inconsistent across
models, with DiD estimates ranging from 25.34 to 20.37 and from 213.16 to
0.92, respectively. CITS results indicate that SIM states had greater increases in
odds of 30-day readmission during SIM implementation compared with compari-
son states (round 1: adjusted odds ratio [AOR] 1.07; 95% CI 1.04, 1.11; P < 0.001;
round 2: AOR 1.06; 95% CI 1.03, 1.10; P = 0.001).

CONCLUSIONS

The SIM initiative was not sufficiently focused to have a population-level effect
on diabetes detection or management. SIM states had greater increases in 30-day
readmission for adults with diabetes than comparison states, highlighting potential
unintended effects of engaging in the multipayer alignment efforts required of
state-led delivery system and payment reforms.

Since 2013, the Centers for Medicare and Medicaid Services (CMS) State Innovation
Models (SIM) initiative has been supporting states with financial resources and
technical support to develop and test state-led multipayer health care payment
and delivery reforms. The goal of SIM is to accelerate improvements in population
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health and decrease health care costs
for all residents of grantee states. Using
a competitive application process, the
SIM initiative supported the testing and
implementation of SIM plans in 17 states;
in April 2013, six states received 42 months
of test award funding totaling $254
million (round 1 states), and in January
2015, 11 states received 48 months of
test award funding totaling $622 million
(round 2 states) (1).

In order to achieve SIM goals, most
grantee states used their funds to advance
multiplayer alignment to test value-based
payments and invest in reforms to improve
detection and management of chronic
conditions, particularly type 2 diabetes.
Diabetes detection and management were
a focus because of the large contribution
of diabetes to patient morbidity and
health care costs (2,3). In 2017, an esti-
mated 24.6 million adults were diag-
nosed, incurring $236 billion in direct
medical costs attributable to diabetes, of
which hospital inpatient costs comprised
�29% (3). In 2014, there were 7.2 million
hospitalizations of adults with a diabetes
diagnosis, a rate of 327 hospitalizations
per 1,000 diagnosed adults (4). The writ-
ten plans of all grantee states included
outcome and use measures focused on
adults with diabetes (5). The first year of
CMS SIM initiative round 1 was associ-
ated with higher diagnosed diabetes prev-
alence among adults, but results related
to lower hospitalization rates among adults
diagnosed with diabetes were mixed (6).
Recent evidence also indicates that the
CMS SIM initiative had a population-level
effect on self-rated physical and mental
health among adults age $45 years (7).
Past research also highlights that SIM im-
plementation varied considerably across
grantee states, including the extent to which
states focused on improving behavioral
health integration into primary care and
achieved multipayer alignment to test
value-based payment reforms. Informa-
tion about variation in SIM implementa-
tion by state is detailed elsewhere (8–12).

In this study, we analyzed whether
adults in SIM initiative round 1 or round
2 states experienced an increase in diag-
nosed diabetes prevalence or a decrease
in hospitalization or readmission rates
among those diagnosed, relative to pa-
tients in comparison states. SIM requires
the alignment of multiple payers within
each grantee state, which can improve pop-
ulation-level detection and management

of diabetes by implementing interven-
tions to identify and treat undiagnosed
adults with diabetes and by improving
the chronic care management capabili-
ties of health care organizations. These
efforts could result in increased diabe-
tes detection and lower hospitalization
rates and rates of readmission within
30 days of discharge among diagnosed
adults.

Based on the evidence of the positive
association of SIM with population-level
physical and mental health status (7) and
evidence of the positive effect of state-led
health reforms on diabetes care manage-
ment among low-income patients (13,14),
we anticipated that the SIM initiative
would increase the detection of diabe-
tes within 2 to 4 years of implementa-
tion (hypothesis 1). We also expected
that SIM participation would improve the
management of diabetes, resulting in
fewer hospitalizations among adults diag-
nosed with diabetes, with more pro-
nounced effects on hospitalization resulting
from ambulatory care sensitive conditions
(ACSCs), because these encounters are con-
sidered preventable through primary care
management of diabetes and other chronic
conditions (15–17), which was a major
focus of the CMS SIM initiative (hypoth-
esis 2). Finally, we expected that the
SIM focus on aligning incentives across
organizations would improve post–acute
care of hospitalized adults with diabetes,
resulting in fewer hospital readmissions
within 30 days of discharge (hypothesis 3).

RESEARCH DESIGN AND METHODS

Data
Data on the number and prevalence of
adults diagnosed with diabetes per county-
year were from the Centers for Disease
Control and Prevention County Data Indi-
cators (18,19) for residents age$18 years.
The Area Health Resources File was used
to obtain data on county-level socio-
economic deprivation and demographics
for county-level analyses.

Encounter-level hospitalization data were
from the State Inpatient Databases (SIDs)
of all-payer hospitalizations maintained by
the Healthcare Cost and Utilization Pro-
ject (HCUP). The six round 1 SIM states
included were Arkansas, Maine, Massa-
chusetts, Minnesota, Oregon, and Vermont.
The six round 2 states included were Col-
orado, Iowa, Michigan, New York, Rhode
Island, and Washington. The comparison

group included five states: Arizona, Florida,
Georgia, New Jersey, and New Mexico.

For analyses of 30-day readmissions,
only nine of the 17 states were included,
because the other eight HCUP SID files
do not allow for the tracking of individuals
over time. SIM states included in the read-
mission analyses were Arkansas, Massa-
chusetts, and Vermont for round 1 and
Iowa, New York, and Washington for
round 2. The three comparison states for
the readmission analyses were Florida,
Georgia, and New Mexico.

Hospitalizations among adults diag-
nosed with diabetes were identified
based on Agency for Healthcare Research
and Quality specifications using HCUP
Clinical Classifications Software (CCS),
which categorizes diagnosis codes into
clinical groupings (20). HCUP SIDs include
a census of all hospitalizations across
all payers. The included hospitalizations
were those in which patients had any
listed diagnosis of diabetes without com-
plications (CCS category 49 for ICD-9,
END002 for ICD-10) or diabetes with com-
plications (CCS category 50 for ICD-9,
END003 for ICD-10), which were extracted
using principal and secondary diagnosis
fields for each patient. This study was
approved by the Office of Human Subjects
Protection at the University of Califor-
nia, Berkeley.

Supplementary Table 1 details the an-
alytic sample restrictions of the study.
For analyses of hospitalizations, we ana-
lyzed a census of all hospitalizations in the
17 states comprising 889 counties from
2010 to 2017 (8 years) with 21,055,714
hospitalizations of adults age $18 years
diagnosed with diabetes, �4.5 million
(22%) of which were for ACSCs. The ana-
lytic sample for the hospital readmission
analyses included 11,812,993 hospitaliza-
tions for adults with diabetes age $18
years from 2010 to 2017 across the sub-
set of nine states, of which 7,730,451
were index admissions and 948,718 were
readmissions within 30 days. Of index
hospital admissions, 954,183 occurred in
SIM round 1 states, 2,866,297 occurred
in SIM round 2 states, and 3,909,971 oc-
curred in comparison states.

Measures

SIM Implementation

The main independent variable for the
event study design was defined at the
county-year level indicating whether a
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county was in a state that received an
SIM initiative test award in round 1 or 2
and whether the year was in the SIM
implementation period (1). The main in-
dependent variable for admission-level
analyses was defined at the admission-
year level indicating whether a hospital
admission was in an SIM state and whether
the year was during the SIM implementa-
tion period of that state (1).
SIM round 1 funding began on 1 April

2013, which included an initial 6 month
test period, resulting in the test imple-
mentation phase beginning 1 October
2013 (5). SIM round 2 funding began on
1 February 2015, which included an initial
6 month test period, resulting in the test
implementation phase beginning 1 August
2015. The SIM implementation start dates
used for the analyses were 1 January 2014
for round 1 states and 1 January 2016
for round 2 states, given the annualized
nature of the study outcomes.

Outcome Measures

The outcome measures were as follows:
1) diagnosed diabetes prevalence among
adults, 2) ACSC hospitalizations per 1,000
diagnosed adults, 3) all-cause hospitaliza-
tions per 1,000 diagnosed adults, and
4) all-cause 30 day hospital readmissions.
The first three outcomes were measured
at the county-year level for adults (age
$18 years) from 2010 to 2017, because
counties are the geographic units for the
Behavioral Risk Factor Surveillance Sys-
tem diagnostic prevalence data and the
most appropriate unit for analyses of all-
cause hospitalization rates. The 30-day
readmission outcome was measured at
hospital admission level.
Adults were considered diagnosed with

diabetes based on their response to the
following Behavioral Risk Factor Surveil-
lance System question: “Has a doctor ever
told you that you have diabetes?” Women
who had been diagnosed with gestational
diabetes only were not considered diag-
nosed (18,19).
We identified hospitalizations result-

ing from ACSCs from ICD-9-CM and ICD-
10-CM codes that were extracted from
the principal diagnosis field of each pa-
tient using the following 2015 Agency for
Healthcare Research and Quality Preven-
tion Quality Indicators: 1) diabetes short-
term complications, 3) diabetes long-term
complications, 5) chronic obstructive
pulmonary disease or asthma in older
adults, 7) hypertension, 8) heart failure,

10) dehydration, 11) bacterial pneumonia,
12) urinary tract infection, 13) angina
without procedure, 14) uncontrolled dia-
betes, 15) asthma in younger adults, and
16) lower-extremity amputation among
patients with diabetes (21). Annual
county-level hospitalization rates were
calculated by dividing the number of hospi-
talizations by the number of adults (in
1,000s) diagnosed with diabetes.

For the 30-day readmission outcome, a
patient’s first hospitalization in the calendar
year was marked as an index admission
to assess a readmission within 30 days.

Analyses
Our regression approach differed for the
study outcomes, because trends in SIM
states versus comparison states for
the study outcomes differed during the pre-
SIM and SIM implementation periods.
To estimate the association of SIM with
diabetes prevalence and hospitalization
rates, an event study design was used,
because the pre-SIM trends of these out-
comes were similar between SIM and
comparison states. We conducted com-
parative interrupted time series (CITS)
analyses to assess the association of SIM
and 30-day readmissions, because visual
assessment of trends in readmission rates
in SIM states versus comparison states
revealed that trends were not parallel in
the pre-SIM period. In contrast to differ-
ence-in-differences (DiD) models, which
assess whether treated and comparison
groups have differential changes in out-
come means in the postintervention pe-
riod relative to the preintervention period,
CITS models assess whether treated and
comparison groups have differential changes
in outcome trends in the postintervention
period relative to the preintervention period.
Specifically, CITS models investigate whether
the treated group diverges from its prein-
tervention trend to a greater or lesser ex-
tent than the comparison group diverges
from its preintervention trend (22,23).

Event Study Methods
To test hypotheses 1 and 2, DiD event
study models were estimated using Eq. 1.

Yc, t 5b0 1 S
3

k5�6
lk SIMc � postk,c,t
� �

1 S
T

t52
gt yeart 1b1Cc 1b2Xc,t

1b3Xc,t 1 ec,t (1)

In Eq. 1, c indexes counties and t in-
dexes time for the following variables:

Yc,t is the dependent variable, which is
the percentage of adults diagnosed with
diabetes (hypothesis 1) or the number of
hospitalizations per 1,000 diagnosed adults
(hypothesis 2); SIMc indicates whether
county c was located in an SIM state;
postk,c,t is a vector of K variables (ex-
cluding the reference period k 5 �1),
in which k is the number of years from
the year that the state implemented SIM
(e.g., for an SIM round 1 state implement-
ing SIM in 2014, k 5 �4 in 2010, k 5 �3
in 2011, k5 �2 in 2012, k5 �1 in 2013,
k 5 0 in 2014, k 5 1 in 2015, k 5 2 in
2016, and k 5 3 in 2017, and for an SIM
round 2 state implementing SIM in 2016, k
ranges from �6 to 1); yeart is a vector of
T indicator variables, one for each year (ex-
cluding the reference year 2010, in which
t 5 1); Cc is a vector of county fixed ef-
fects to control for time-invariant out-
come differences among the counties; Xc,t
is a vector of time-varying confounders
measured as means at the county popu-
lation level, including sex, adult age distri-
bution, race/ethnicity, uninsured rate, and
poverty rate, which are known to affect
diagnosed diabetes prevalence among
adults and hospitalization of diagnosed
adults. The equation does not include a
SIMc main effect, because it would be col-
linear with the county fixed effects. The
parameters of interest are lk, and each
DiD parameter lk estimates the DiD for
each k relative to k 5 �1 (the refer-
ence period, used by convention).

CITS Methods
We conducted index admission–level CITS
analyses, because visual assessment of
trends in 30-day readmission rates in SIM
states versus comparison states indicated
that trends were not parallel in the pre-
SIM period. CITS models allow for non-
parallel preperiod trends that are required
of DiD models (24). Separate models were
estimated for each SIM round, because
there may have been heterogeneous ef-
fects between the two cohorts of SIM
states. To test hypothesis 3, a CITS model
was estimated using logistic regression
with Eq. 2.

Yit 5b0 1b1Postt 1b2Timet

1b3 SIMi � Posttð Þ
1b4 SIMi � Timetð Þ
1b5 Postt � Timetð Þ
1b6 SIMi � Postt � Timetð Þ
1b7Xit1b8Hospitali 1eit (2)
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in which i indexes index hospitalizations
and t indexes time for the following varia-
bles: Yit indicates whether an index hospi-
talization was followed by a readmission
within 30 days; Postt indicates whether
the discharge date of an index hospitaliza-
tion occurred during SIM implementation;
Timet is a continuous yearly time trend
for the study period, beginning with 1 and
ending with 8 to represent 2010 to 2017;
SIMi indicates whether an index hospitali-
zation occurred in an SIM state versus a
comparison state; Xit is a vector of covari-
ates that includes age, sex, race/ethnicity,
length of stay, admission via the emer-
gency department, comorbidity burden,
and primary payer; and Hospitali is a vec-
tor of hospital fixed effects to account
for time-constant hospital-level variation
in readmission rates. Therefore, SIMi was
not included by itself because of collin-
earity with these fixed effects.

The interpretation of the interaction
terms is as follows: SIMi × Postt repre-
sents the difference in the outcome be-
tween SIM states and comparison states
during SIM implementation; SIMi × Timet
represents the difference in slope be-
tween SIM and comparison states before
SIM implementation; Postt × Timet repre-
sents the change in slope in comparison
states during SIM implementation; and the
triple interaction of SIMi × Postt × Timet is
the parameter of interest, corresponding
to the difference between SIM and com-
parison states in slope during SIM imple-
mentation compared with before. SEs were
estimated by clustering at the state level
to allow for correlation within hospitals
across time.

Propensity Score Analyses
To address potential confounding varia-
bles in the preintervention period that
affected outcomes in the postinterven-
tion period, our models used inverse
probability of treatment weights (IPTW)
in the form of average treatment effect
in the treated (25). This approach allowed
for statistical assessment of whether
comparison states were equivalent to
SIM states for the confounding covari-
ates after balancing. Propensity scores
were generated by way of a multigroup
weighting strategy, which used multino-
mial logistic regression to estimate the
probability of each observation being in
the treated group in the pretreatment
period (26).

The following county-level variables
were used to estimate the scores for
the event study analyses, because they
are related to diabetes prevalence and
hospitalization rates: sex, age, race/
ethnicity, uninsured rate, and poverty rate
(income <100% of the federal poverty
level). Other variables were also consid-
ered, but a parsimonious set of variables
was required in order to achieve sufficient
balance for the sample of 889 counties.
For the CITS analyses, the following pa-
tient-level variables were used to estimate
propensity scores: age, comorbidity count,
and indicators for being female, Black, His-
panic, other racial/ethnic minority, having
Medicaid, being a dual Medicare/Medicaid
enrollee, having private insurance, being
uninsured/self-paying, and being admitted
through the emergency department.

The weight of each observation was
then calculated to be proportional to its
probability of being in the SIM group
before SIM relative to its probability of
being in the SIM group and the time pe-
riod in which it truly occurred (i.e., SIM
group during SIM, non-SIM group pre-
SIM, or non-SIM group during SIM). Our
goal was to have the preintervention pe-
riod absolute standardized differences of
the variable means between the SIM and
comparison groups to be <10% (27,28).
The IPTWs were used as probability weights
to estimate the regressions, thus making
them doubly robust (29). This approach
was previously used to study the effect
of Medicare hospice enrollment on costs
and quality (30). The DiD regression mod-
els were weighted for a county popula-
tion by multiplying the county population
by the IPTW weights. SEs were estimated
by clustering at the state level to allow
for correlation within states across time.

Sensitivity Analyses
We conducted two sensitivity analyses
to examine the robustness of our re-
sults to alternative model specifications.
First, we restricted the analytic samples
to adults age $45 years, because SIM
was previously found to improve physi-
cal and mental health status of adults
at a population level (7). Second, we re-
stricted the analytic samples to Medi-
care and/or Medicare beneficiaries age
$18 years, because SIM is sponsored
by CMS, and over time, effects may be
different for CMS populations.

RESULTS

Table 1 compares the weighted out-
come measures, county-level population
measures, and admission-level socio-
economic and clinical characteristics for
adults and for hospitalized adults diag-
nosed with diabetes in SIM versus com-
parison counties from 2010 to 2017. In
SIM versus comparison counties, the crude
diagnosed diabetes prevalence was lower
(9.3% in both round 1 and round 2 coun-
ties vs. 10.2% in comparison counties),
and the all-cause and ACSC hospitalization
rates were also lower (272.6 in round 1
counties and 305.1 in round 2 counties vs.
320.7 in comparison counties and 58.4 in
round 1 counties and 65.1 in round 2
counties vs. 73.1 in comparison counties,
respectively). At the population level, SIM
counties were demographically similar to
comparison counties, but some differences
were seen in the percentage of those who
were White (80.8% vs. 74.1%) and un-
insured (12.4% vs. 21.5%). Comparison
counties had a pre-SIM trend that was
significantly steeper than the SIM coun-
ties trends for ACSC hospitalization rate
(1.9 hospitalizations per 1,000 diagnosed
adults steeper decrease per year; P < 0.01)
and for all-cause hospitalization rate
(5.8 hospitalizations per 1,000 diagnosed
adults steeper decrease per year; P < 0.01).
The use of propensity score weights
achieved better covariate balance com-
pared with unweighted analyses, with
standardized mean differences for var-
iables between groups within accept-
able ranges (standardized mean differences
were all greater than five) (27,28)
(Supplementary Fig. 1).

During the study period, the weighted
mean diagnosed diabetes prevalence
among adults increased in both SIM and
comparison counties, but the prevalence
level was lower in SIM counties (Supple-
mentary Fig. 2). The regression-adjusted
relative DiD parameters for SIM × time
are plotted in Fig. 1, which shows that
relative to the year before SIM imple-
mentation (k 5 �1), the relative out-
come DiD did not significantly change
after SIM was implemented (k $ 0). Dia-
betes prevalence is presented in panel
A, all-cause hospitalization rate is pre-
sented in panel B, and rate of hospitali-
zation because of ACSCs is presented in
panel C.

The weighted mean all-cause and ACSC
hospitalization rates per 1,000 adults
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diagnosed with diabetes decreased in
both SIM and comparison counties dur-
ing the study period (Supplementary
Figs. 3 and 4). Although the relative DiDs
started to increase after SIM was imple-
mented (k $ 0), meaning more hospital-
izations occurred in SIM states relative to
comparison states, controlling for their
difference in the period before SIM was
implemented (k 5 �1), the relative DiDs
were not statistically significant at the
0.05 level. Results of the full regression
models are reported in Table 2.

For the readmission results, during
the pre-SIM period, round 1 states ex-
perienced a decrease in their weighted
readmission rates relative to compari-
son states, but during SIM implementa-
tion, the relative trends reversed, with
SIM states experiencing an increase in
30-day readmission rates relative to
comparison states (Supplementary Fig.
5). The regression-adjusted results cor-
roborated these weighted trends, with
the estimate for the parameter of SIM ×
post × year being 1.07 (95% CI 1.04, 1.11;

P < 0.001) (Table 3). This interaction
term reflects the change in slope in odds
of readmission in SIM states after imple-
mentation compared with before relative
to the change in slope in comparison
states. Specifically, it indicates that the
change in odds of 30-day readmission
among hospitalized adults with diabetes
in SIM states during implementation com-
pared with before was 7% greater than
the change in odds of readmission for
adults with diabetes in comparison states
over this time period.

Table 1—Descriptive statistics of county- and admission-level outcomes, demographics, and health characteristics of adults
diagnosed with diabetes for SIM versus comparison counties, 2010–2017

Variable

Comparison states Round 1 states Round 2 states

Mean SD Mean SD Mean SD

County-level analysis (n 5 295
counties)

(n 5 242
counties)

(n 5 352
counties)

Outcome
Diabetes prevalence (%) 10.20 2.16 9.29 2.14 9.28 2.01
All-cause hospitalizations per 1,000 individuals with diabetes 320.68 76.30 272.62 71.55 305.14 70.44
ACSC hospitalizations per 1,000 individuals with diabetes 73.08 21.19 58.44 19.22 65.09 20.19

Independent variable
Female (%) 50.31 0.22 50.82 0.11 50.06 0.14
Age, years (%)
20–44 41.63 0.43 38.49 0.40 38.51 0.37
45–64 35.98 0.19 37.30 0.16 37.76 0.17
$65 22.39 0.37 24.22 0.31 23.74 0.27

Race/ethnicity (%)
White 61.74 1.10 85.39 0.88 85.39 0.77
Black 19.88 0.99 6.19 0.78 3.09 0.27
Hispanic 14.47 0.97 5.43 0.38 8.48 0.57
Other 4.02 0.47 2.99 0.24 3.04 0.17

No health insurance among residents age 18–64 years (%) 21.54 6.80 10.74 6.81 13.52 5.37
<100% of federal poverty line (%) 15.85 5.17 13.19 4.93 14.62 5.51

Admission-level analysis (n 5 3,909,971
admissions)

(n 5 954,183
admissions)

(n 5 2,866,297
admissions)

Outcome
Hospitalization followed by readmission within 30 days (%) 12.03 13.36 12.24

Independent variable
Female sex 51.94 51.49 52.51
Age, years 65.10 15.52 65.95 15.60 65.34 15.75
Race/ethnicity (%)
White 59.96 79.03 59.17
Black 21.91 10.55 15.71
Hispanic 14.21 6.90 11.04
Other 3.92 3.52 14.07

Payer (%)
Medicare 59.23 49.21 40.73
Medicaid 9.09 9.95 15.98
Dually eligible 3.61 14.13 17.01
Private 17.78 20.82 22.02
Uninsured 6.41 1.68 2.46
Other 3.88 4.21 1.80

Length of stay, days 5.02 6.03 4.60 5.05 5.28 7.46
Comorbidity diagnoses count 3.43 2.06 3.30 1.59 3.62 1.76
Admitted via ED (%) 75.12 71.37 71.66

Based on authors’ analysis of Centers for Disease Control and Prevention county-level estimates, HCUP SIDs, and Area Health Resources File data.
County-level analysis based on data including 242 round 1 counties, 352 round 2 counties, and 295 comparison counties for years 2010–2017 combined;
admissions-level analysis based on data including 7,730,451 index hospital admissions for years 2010–2017 combined. ED, emergency department.
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The results for SIM round 2 states
were similar. During the pre-SIM period,
round 2 states also experienced a de-
crease in their weighted 30-day read-
mission rates relative to comparison states.
During the post-SIM period, trends were
more difficult to assess, because this pe-
riod was only 2 years (2016 and 2017),
but it is clear that comparison states
experienced an increase in readmission
rates as compared with round 2 states
(Supplementary Fig. 6). Notwithstanding,
because of the relative trend differences
in the pre-SIM period, the regression-
adjusted results report the estimate for
the parameter of SIM × post × year to
be 1.06 (95% CI 1.03, 1.10; P < 0.001)
(Table 3), indicating that SIM states had
a 6% greater change in odds of readmis-
sion for adults with diabetes compared
with comparison states.

The DiD and CITS model results were
consistent when the analytic sample
was restricted to adults age $45 years
(Supplementary Tables 2 and 4) and when
restricted to Medicare and/or Medicaid
beneficiaries (Supplementary Tables 3 and
5). To aid the interpretation of significant
SIM effects, we reestimated the CITS re-
gression models as linear probability mod-
els for the 30 day all-cause hospital
readmission outcome measure (Supple-
mentary Table 6), and the results were
consistent with those of the logistic re-
gression models.

CONCLUSIONS

State-led delivery system reforms that
aim to improve population health through
chronic care management like the CMS
SIM initiative are increasingly common,

because they have high potential to
incentivize and accelerate improvements
in population-level prevention and chronic
care management through improved coor-
dination of health care and public health
organizations and systems. Despite this po-
tential, our study results indicate that SIM
has not yet had a measurable population-
level effect on diabetes detection or man-
agement. For example, we found that the
increased diabetes detection trend among
SIM states documented in past research
was only a temporary pattern. Although
improving diabetes detection and manage-
ment for adults with diabetes was a focus
of SIM plans in most states because of
the increasing prevalence of diabetes
during the last three decades (3), our
findings through 2017 indicate that SIM
implementation did not significantly im-
prove diabetes detection (hypothesis 1),

Table 2—Association of SIM implementation with diabetes prevalence and hospitalization rates: event study results

Variable

Diabetes prevalence
(crude rate)

All-cause hospitalization rate
(per 1,000 adults with diabetes)

ACSC hospitalization rate
(per 1,000 adults with diabetes)

Coefficient 95% CI P Coefficient 95% CI P Coefficient 95% CI P

SIM × Post
k 5 �6 0.30 �0.04, 0.65 �17.95 �46.66, 10.76 �3.18 �9.91, 3.54
k 5 �5 0.12 �0.30, 0.53 �6.40 �33.67, 20.87 �0.88 �6.91, 5.16
k 5 �4 0.14 �0.08, 0.35 �7.21 �24.21, 9.79 �1.87 �5.71, 1.97
k 5 �3 �0.05 �0.24, 0.13 0.47 �10.62, 11.56 �0.22 �3.12, 2.69
k 5 �2 �0.07 �0.19, 0.04 �1.29 �9.74, 7.16 �0.21 �1.86, 1.44
k 5 �1 (reference) — — — — — —
k 5 0 (implementation year) 0.10 �0.11, 0.30 �0.81 �9.45, 7.84 0.30 �2.25, 2.85
k 5 1 0.08 �0.17, 0.34 8.44 �6.21, 23.09 3.28 �0.75, 7.32
k 5 2 0.10 �0.32, 0.52 7.00 �15.82, 29.82 4.13 �1.22, 9.47
k 5 3 �0.13 �0.78, 0.52 24.15 �10.00, 58.29 8.30 0.76, 15.84 *

Year

2011 0.16 0.03, 0.29 * �11.00 �22.12, 0.116 �3.26 �5.61, �0.91 †
2012 0.18 �0.06, 0.42 �19.53 �37.49, �1.58 * �7.17 �11.46, �2.88 †
2013 0.36 0.04, 0.674 * �35.31 �65.93, �4.70 * �11.09 �17.23, �4.94 †
2014 0.16 �0.22, 0.54 �33.08 �68.05, 1.88 �11.84 �20.11, �3.57 †
2015 0.22 �0.30, 0.75 �34.19 �70.61, 2.24 �14.63 �22.76, �6.512 †
2016 0.16 �0.39, 0.71 �49.68 �90.74, �8.62 * �21.93 �31.93, �11.93 ‡
2017 0.50 �0.11, 1.12 �62.85 �112.30, �13.42 * �23.01 �33.87, �12.15 ‡

Female (%) 0.10 �0.16, 0.36 7.566 �4.07, 19.20 2.377 �0.791, 5.55

Age, years (%)

20–44 �13.33 �27.34, 0.68 �57.70 �764.10, 648.70 �50.08 �193.6, 93.41
45–64 �9.55 �21.57, 2.47 �41.46 �814.50, 731.60 �82.91 �232.2, 66.35
$65 (reference) — — — — — —

Race/ethnicity (%)

Black 22.91 11.32, 34.50 ‡ �579.50 �1,410, 250.90 �169.10 �391.3, 53.00
Hispanic �8.28 �23.38, 6.83 427.80 �494.10, 1,350 166.20 �65.75, 398.1
Other �14.05 �30.98, 2.88 252.30 �647.70, 1,152 158.30 �105.9, 422.5
White (reference) — — — — — —

No insurance (%) �0.04 �0.10, 0.01 0.70 �1.74, 3.14 0.43 �0.19, 1.04

Individuals in poverty (%) 0.05 0.01, 0.09 * �1.05 �2.92, 0.82 �0.31 �0.85, 0.22

Constant 12.45 �9.02, 33.92 �28.23 �923.0, 866.5 �10.39 �202.5, 181.7

Based on authors’ analysis of HCUP SIDs and Centers for Disease Control and Prevention county-level estimates. Note k 5 0 is SIM implementation
year, k is negative for years before implementation, and k is positive for years after implementation. *P < 0.05. †P < 0.01. ‡P < 0.001.
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reduce all-cause hospitalizations or
hospitalizations resulting from ACSCs
(hypothesis 2), or reduce all-cause 30-day
readmissions (hypothesis 3) among adults
with diabetes. These results were consis-
tent when the analytic sample was re-
stricted to CMS populations, highlighting
that SIM was not associated with better
diabetes detection or management among
Medicare or Medicaid beneficiaries, who
would be the most likely to benefit given
the CMS sponsorship of the initiative.
One reason that SIM implementation

may not have been associated with bet-
ter diabetes detection or management is
because grantee states emphasized dif-
ferent strategies to achieve their goals,
including value-based payment models,
accountable care organizations, health
homes for individuals needing behavioral
health services, and regional collabora-
tions of medical and long-term service
and support providers (10). Moreover, a

key challenge for SIM states was achiev-
ing multipayer alignment to sufficiently
test and scale successful delivery system
and payment reforms (8–12). Invest-
ments in health information technology
and chronic care management pro-
cesses, while helpful to populations
with diabetes, may have been too dif-
fuse and limited in scale to increase
diabetes detection or improve diabetes
care management. This explanation for
our study findings is consistent with re-
cent research that found that SIM was
not associated with greater physician
practice–level improvements in chronic
care management or health information
technology capabilities compared with
non-SIM states (31).

The results related to the association
between SIM and 30-day readmissions
are consistent with past evidence through
2015 indicating that SIM implementa-
tion is associated with increased 30-day

readmissions among adults with diabe-
tes (32). In updated analyses through
2017, we also found that SIM states had
greater increases in odds of 30-day
readmission after SIM implementation
compared with comparison states. Im-
portantly, these effects were consistent
for round 1 and round 2 grantee states.
It may be that these efforts to align in-
terests and coordinate with payers dis-
tract from the internal performance
improvement efforts of health care or-
ganization focused on improving care
transitions, because excessive 30-day read-
missions were penalized during this period
by the CMS Hospital Readmissions Reduc-
tion Program, which decreased 30-day re-
admissions nationally (33–36).

This study has limitations that war-
rant discussion. First, our methods as-
sumed the absence of interventions
that occurred contemporaneously with
SIM that affected the study outcomes.

Table 3—Association of SIM implementation with all-cause 30-day readmissions: CITS results by round 1 and round 2

Variable

30-day readmission in round 1
vs. comparison states

30-day readmission in round 2
vs. comparison states

OR 95% CI P OR 95% CI P

Year 0.99 0.98, 1.01 1.02 0.97, 1.08

Post 1.27 0.99, 1.64 1.14 0.98, 1.33

Year × Post 0.97 0.94, 1.01 0.95 0.92, 0.98 †

Year × SIM 0.97 0.95, 0.98 ‡ 0.94 0.89, 0.99 *

SIM × Post 1.44 1.10, 1.87 † 1.20 1.03, 1.40 *

Year × Post × SIM 1.07 1.04, 1.11 ‡ 1.06 1.03, 1.10 ‡

Race/ethnicity (reference 5 White) — — —

Black 1.00 0.97, 1.04 1.04 1.03, 1.05 ‡

Hispanic 0.95 0.93, 0.96 ‡ 0.97 0.95, 1.00 *
Other 0.88 0.85, 0.91 ‡ 0.92 0.89, 0.95 ‡

Age, years 1.00 1.00, 1.01 † 1.00 1.00, 1.00 ‡

Female sex 0.91 0.88, 0.94 ‡ 0.88 0.87, 0.89 ‡

Length of stay, days 1.03 1.02, 1.03 ‡ 1.02 1.01, 1.02 ‡

ED admission 1.24 1.20, 1.29 ‡ 1.24 1.20, 1.28 ‡

Comorbidity diagnoses count 1.13 1.09, 1.17 ‡ 1.15 1.13, 1.17 ‡

Payer (reference 5 Medicare) — — —

Medicaid 1.02 0.96, 1.08 1.02 0.94, 1.11
Dually eligible 1.11 1.08, 1.15 ‡ 1.08 1.06, 1.11 ‡

Privately insured 0.73 0.71, 0.75 ‡ 0.77 0.75, 0.79 ‡

Uninsured 0.67 0.63, 0.71 ‡ 0.72 0.71, 0.73 ‡

Other 0.81 0.78, 0.85 ‡ 0.82 0.79, 0.84 ‡

Constant 0.07 0.05, 0.09 ‡ 0.04 0.03, 0.05 ‡

Based on authors’ analysis of HCUP SIDs. Bold indicates parameter of interest for assessing SIM effects on study outcome. Each coefficient is
an odds ratio (OR), except coefficients for interaction terms, in which each is the ratio of two ORs for two-variable interaction terms or the
ratio of two ORs for three-variable interaction terms. Regression results were propensity-score weighted using IPTW. ED, emergency depart-
ment. *P < 0.05. †P < 0.01. ‡P < 0.001.
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Our models controlled for the uninsured
rate of each county, which controls for
Affordable Care Act–related expansions
that differ by state. However, since
launching SIM, several federal initiatives
have been implemented, including the
CDC National Diabetes Prevention Pro-
gram and CMS efforts to improve care
for Medicare and Medicaid dually eligi-
ble patients (37). These initiatives may
have been implemented differentially
between SIM and comparison states,
but it was not feasible to measure or
incorporate data about these initiatives
into our analyses. Second, few non-SIM
states participate in the HCUP SIDs, so
comparison states were limited to the
few non-SIM states with consistent HCUP
SID data. Third, we conducted county-
level analyses, which may have been
subject to ecologic bias and constrained
our ability to include multiple contex-
tual variables, including measures of
the food environment. Relatedly, we
could not consider information about
heterogeneity of SIM implementation
by state because of the limited num-
ber of SIM states with HCUP SID data

and the high variation across states (8).
Future research should examine whether
SIM states with a strong emphasis on
behavioral health integration into pri-
mary care have improved diabetes man-
agement (9).

In conclusion, our results highlight that
broad-based state-led delivery system and
payment reforms, although bold and
potentially transformational in improv-
ing physical and mental health status
at the population level, are unlikely to
affect diabetes detection or manage-
ment after 2 to 4 years of implementa-
tion. In the past, delivery and payment
reforms have modestly reduced health
care spending, including hospital ex-
penditures, among early provider par-
ticipants (38,39), likely because they had
more advanced systems to manage care.
State-led reform efforts, which require
extensive cooperation of multiple payers
and health care organizations, may be
challenged with improving diabetes de-
tection and management because of
the challenges of stakeholder alignment
that have limited the testing and dissem-
ination of SIM system reforms (8–12)

and the resulting mixed effects on diabe-
tes detection and care management. The
results of this natural experiment of SIM
implementation underscore the importance
of managing stakeholder expectations
about the short-run effect of broad-based
state-led delivery systems and payment
reforms on improved diabetes care.
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Figure 1—Adjusted DiD in diagnosed diabetes per 1,000 adults (A), all-cause hospitalization among adults diagnosed with diabetes (B), and ACSC hospitaliza-
tion among adults diagnosed with diabetes (C). The adjusted DiD parameter estimates are relative to the year before SIM implementation (k5 �1). The er-
ror bars represent 95% CIs. The SEs are wider in the early and late years because only round 2 states had data for 6 years before SIM implementation,
whereas round 1 states had data for 3 years before implementation. In comparison, all states had data for 2 full years before and during the SIM implemen-
tation period. Figure is based on the authors’ analysis of HCUP SIDs and Centers for Disease Control and Prevention county-level estimates.
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