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ABSTRACT
Introduction Access to care is essential for patients with 
diabetes to maintain health and prevent complications, 
and is important for health equity. New York State’s 
Health Homes (HHs) provide care management services 
to Medicaid- insured patients with chronic conditions, 
including diabetes, and aim to improve quality of care and 
outcomes. There is inconsistent evidence on the impact 
of HHs, and care management programs more broadly, on 
access to care.
Research design and methods Using a cohort of 
patients with diabetes derived from electronic health 
records from the INSIGHT Clinical Research Network, we 
analyzed Medicaid data for HH enrollees and a matched 
comparison group of HH non- enrollees. We estimated 
HH impacts on several access measures using natural 
experiment methods.
Results We identified and matched 11 646 HH enrollees; 
patients were largely non- Hispanic Black (29.9%) and 
Hispanic (48.7%), and had high rates of dual eligibility 
(33.0%), Supplemental Security Income disability 
enrollment (49.1%), and multiple comorbidities. In the 12 
months following HH enrollment, HH enrollees had one 
more month of Medicaid coverage (p<0.001) and 4.6 
more outpatient visits than expected (p<0.001, evenly 
distributed between primary and specialty care). There 
were also positive impacts on the proportions of patients 
with follow- up visits within 7 days (4 percentage points 
(pp), p<0.001) and 30 days (6pp, p<0.001) after inpatient 
care, and on the proportion of patients with follow- up visits 
within 30 days after emergency department (ED) care 
(4pp, p<0.001). We did not find meaningful differences 
in continuity of care. We found small positive impacts on 
the proportion of patients with an inpatient visit and the 
proportion with an ED visit.
Conclusions New York State’s HH program improved 
access to care for Medicaid recipients with diabetes. These 
findings have implications for New York State Medicaid as 
well as other providers and care management programs.

INTRODUCTION
Access to care is an important determinant of 
health, disease status, and equity.1 2 Access to 
specialty care visits, along with primary care 
visits, has been linked to greater receipt of 
guideline concordant care and better func-
tional outcomes.3 4 Some evidence indicates 

that access to prompt (within 7 days) postdis-
charge follow- up primary care visits have been 
associated with fewer 30- day readmissions to 
the hospital.5–8 Continuity of primary care, an 
aspect of access to care, has been associated 
with fewer hospitalizations and emergency 
room visits, lower costs, better patient satisfac-
tion, and lower mortality.9–15 Due to systemic 
inequity in the USA, Black and Latinx individ-
uals, people with low income, and those with 

Significance of this study

What is already known about this subject?
 ► Care management programs have not been found to 
impact hospital admissions, but there is inconsistent 
evidence of an effect on primary care (outpatient) 
services or other measures of access.

What are the new findings?
 ► New York State Medicaid’s Health Home program 
was associated with significant increases in access 
to care among patients with diabetes:

 – In the 12 months following HH enrollment, HH en-
rollees had 1 more month of Medicaid coverage 
(p<0.001) than expected.

 – In the 12 months following HH enrollment, HH 
enrollees had 4.6 more outpatient visits than 
expected (p<0.001, evenly distributed between 
primary and specialty care).

 – There were also positive impacts on the pro-
portions of patients with follow- up visits within 
7 days (4 percentage points (pp), p<0.001) and 
30 days (6pp, p<0.001) after inpatient care, and 
on the proportion of patients with follow- up visits 
within 30 days after emergency department care 
(4pp, p < 0.001).

How might these results change the focus of 
research or clinical practice?

 ► These findings can inform future research that ex-
amines the impact of care management programs on 
access to care, a rarely studied, but patient- centered 
set of outcomes relevant to achieving health equity.

 ► In addition, the findings suggest future analyses 
should examine the clinical significance of observed 
differences in access to care measures.

http://drc.bmj.com/
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certain chronic illnesses and disabilities have inadequate 
access to care.2 16 17

For patients with diabetes, having health insurance 
coverage and adequate access to necessary and timely 
health services is essential for managing their illness and 
preventing complications.18–20 Access has been associated 
with quality and outcomes of care among patients with 
diabetes including glycemic and other risk factor control, 
rates of screenings for kidney, eye, and foot complica-
tions, prompt care for acute and chronic illnesses, timely 
specialty referrals, and complications.3 21–26

The principal goal of care management programs is to 
improve access to and coordination of care. As part of 
the Patient Protection and Affordable Care Act of 2010, 
‘health homes’ (HHs) were authorized and funded to 
manage and coordinate care for individuals enrolled in 
Medicaid with complex chronic conditions.27 Diabetes 
was one of the conditions prioritized for HH enrollment. 
Six services are eligible for reimbursement through the 
HH program: comprehensive care management, care 
coordination and health promotion, comprehensive 
transitional care assistance, patient and family support, 
referral to community and social support services, and 
use of health information technology to link services.28 
New York State established its Medicaid Health Home 
program in 2011; eligible individuals include people 
living with HIV, those with serious mental illness, or 
those with two or more chronic conditions.29 Through 
coordination of care, intensive case management, and 
attention to social needs, the program intends to help 
individuals with diabetes and other conditions establish 
more steady relationships with primary healthcare teams, 
gain greater access to outpatient services, and improve 
transitions between care sites. Qualitative information 
collected previously from our study indicates that HH 
members view assistance with accessing care to be one of 
the most desired and valuable services provided by their 
care managers.30

While improving access to care is recognized and 
important, especially for underserved populations and 
for those with diabetes, the evidence of a beneficial 
impact of care management programs is sparse, espe-
cially among those with complex needs. The implemen-
tation of the HH program in some, but not all eligible 
patients with diabetes, presents a ‘natural experiment’ 
through which to study these impacts, as a goal of the 
HH program is to assure that patients get the care they 
need when they need it. Therefore, in this analysis, 
we sought to determine the effect of HH enrollment 
on access to care for patients with diabetes and other 
chronic conditions by examining the number of outpa-
tient visits (both primary care and specialty care), ED 
visits, and hospitalizations, transitions in care, continuity 
of care (COC), and Medicaid coverage in the 12 months 
prior to enrollment compared with the 12 months post 
enrollment in HH members compared with a matched 
comparison group of Medicaid- insured patients with 
diabetes who did not enroll in the HH.

METHODS
Study population, data sources, and setting
We derived our sample from the INSIGHT Clinical 
Research Network electronic health record (EHR) data 
from six large healthcare systems in New York City.31 The 
cohort included individuals who met modified SUrveil-
lance, PREvention, and ManagemEment of Diabetes 
Mellitus (SUPREME- DM)32 criteria for diabetes (diag-
nosis, laboratory, and/or medication criteria) between 
2010 and 2016, were insured by Medicaid, and were 
over 18 years of age as of January 1, 2010. Additional 
Medicaid HH program data were then used to identify 
HH enrollees and their periods of enrollment. Access to 
care data for this study was derived from fee- for- service 
claims and managed care encounter records from the 
New York State Department of Health for calendar years 
2010–2017.

Study groups
Individuals need to consent to enroll in an HH; they 
are not automatically a part of the program, even if they 
are eligible. HH programs received reimbursement for 
outreach to eligible individuals for up to a 3- month 
period prior to enrollment, though some HH partic-
ipants enrolled directly. We defined our HH enrollee 
group (‘program group’) as any individual with at least 
1 month of HH enrollment (n=11 646). Our matched 
comparison group included individuals who never 
enrolled in an HH; this includes individuals who received 
outreach but did not ultimately enroll (n=10 640), as well 
as individuals who did not receive any outreach (n=15 
961). This does not mean, however, that outreached indi-
viduals declined HH services. In fact, non- enrollment 
despite outreach was frequently attributed to difficulties 
in contacting individuals, often due to a lack of up- to- 
date contact information.28

We defined a 12- month ‘baseline’ period immediately 
predating, and a 12- month ‘follow- up’ period immedi-
ately postdating, an ‘index HH activation date’. For the 
program group, this index date was the earliest date 
of outreach by or enrollment in an HH. For compar-
ison group members in the outreach group who never 
enrolled in an HH, the index date was the earliest date of 
outreach. For each potential comparison group member 
who received neither outreach nor enrollment, we 
randomly selected one index date in 2011–2016, with a 
probability corresponding to the frequency distribution 
of the number of Medicaid enrolled months in the base-
line periods of program group members. For example, 
if 90% of program group members were enrolled in 
Medicaid in all 12 baseline period months, comparison 
group index dates immediately preceded by 12 enrolled 
months in Medicaid had a 90% probability of being 
selected. We then conducted 5:1 matching with replace-
ment using both the outreached but never enrolled 
group and the selected dates from the never outreached 
or enrolled group (see below for details on matching 
methods).
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As Medicaid data were available for calendar years 
2010–2017, Medicaid recipients whose HH index date 
occurred in calendar years 2011–2016 and who were 
subsequently enrolled were included in the program 
group to allow for complete observation of Medicaid 
utilization for 1 year before, and 1 year after, their index 
date.

Measures
Several sociodemographic and health services charac-
teristics including age, gender, race/ethnicity, receipt of 
Medicare (dual- eligible status), receipt of Supplemental 
Security Income (SSI), and Medicaid enrollment in each 
calendar month were directly derived from Medicaid 
enrollment and eligibility data. Care utilization was 
measured in separate categories of services using proce-
dure and rate codes, place and category of service, and 
provider specialty on claim (in the case of fee- for- service) 
or encounter (in the case of managed care) records. 
Diagnoses on claims or encounters were used to create 
indicators for the presence of several disease conditions 
in the baseline period.

We used the Agency for Healthcare Research and Qual-
ity’s Healthcare Cost and Utilization Project (HCUP) 
Clinical Classification Software (CCS) programs applied 
to International Classification of Diseases (ICD) diag-
noses on claims to create indicators of any cancer (CCS 
11–36, exclude 22), serious mental illness (CCS 657, 
658, 659, 662), substance use disorders (CCS 660, 661), 
HIV (CCS 5, 9), and diabetes (CCS 49, 50).33 Diabetes 
diagnoses were further categorized into separate indi-
cators for a diagnosis received in an inpatient setting or 
an outpatient setting. A count of chronic conditions was 
created using the HCUP chronic condition indicator 
(CCI).34

Care access measures included:
 ► Outpatient utilization: Counts of primary care visits 

(defined as office visits with primary care, internal 
medicine, or family practice provider specialties) and 
specialty care visits (defined as all other specialties 
except for psychiatry), and total outpatient visits as 
the sum of the two.

 ► Medicaid enrollment: The number of months enrolled 
in Medicaid.

 ► Transitions in care measures (recorded as missing value 
for individuals without an inpatient stay, or without 
an emergency department (ED) visit, in the relevant 
(baseline or follow- up) period), as follows:
 – The proportion of an individual’s inpatient stays 

followed by an outpatient visit within 7 days, and 
within 30 days, of discharge.

 – The proportion of an individual’s ED visits fol-
lowed by an outpatient visit within 7 days, and with-
in 30 days, of the ED visit.

 ► Continuity of care:
 – The Bice- Boxerman COC Index for the baseline or 

follow- up period, which is a claims- based measure 
of the degree to which a patient’s visits over a time 

period or illness are dispersed among a single or 
multiple providers.35 36

 – The Usual Provider of Care (UPC) Index for the 
baseline or follow- up period, which is a claims- 
based measure of the concentration of care with a 
single, primary provider.35

 ► The proportion of individuals with at least one inpa-
tient stay.

 ► The proportion of individuals with at least one ED 
visit.

Matching and weighting
Our matching procedure first identified the five ‘nearest 
neighbors’ for each program group member ‘with 
replacement’ using Mahalanobis distance as the distance 
metric.37 An entropy balance weight was then calculated 
in order to estimate the average effect of treatment on 
the treated. Entropy balance weights generalize the 
‘synthetic control method’ to include multiple treated 
cases, and have been shown to achieve near perfect 
covariate balance.38

Matching variables included all demographic and 
baseline period utilization measures described in the 
‘Measures’ section above, as well as total Medicaid 
payments recorded in the claims and encounter data. 
In order to match on the utilization time trend, total 
Medicaid cost was matched for each calendar month in 
the baseline period. This combination of matching on 
time invariant characteristics such as demographics, and 
matching on repeated measures that capture the time 
trend, reduces confounding introduced by ‘differential 
mean reversion’ between the treated and comparison 
groups, by which an estimated treatment ‘effect’ may be 
an artifact of different rates of regression to the mean 
due to unobserved differences between the groups.39

The COC indices (UPC and COC) were also measured 
in the baseline period and used as matching variables, but 
because UPC is undefined for individuals with no visits, 
and COC is undefined for individuals with fewer than two 
visits, these measures were set to zero when undefined, 
and a missing indicator for each measure was included 
in the matching procedure, in order to retain individuals 
with few or no outpatient visits in the baseline period.

Statistical analysis
In order to estimate the HH program’s impact on access 
and COC in the 12- month follow- up period, regression 
models were estimated of the form:

Outcomeit = β0 + β1Enrolledi + β2Outcomei(t- 1) + γXi +ei, 
where Outcomei(t- 1) represents the level of the outcome 
during the baseline period, and Xi represents a vector 
of covariates including additional baseline inpatient and 
outpatient utilization measures and sociodemographic 
characteristics. Additional impact models were esti-
mated while also adjusting for the number of months of 
Medicaid enrollment in the follow- up period, in order to 
determine the extent to which estimated program effects 
were dependent on the program’s effect on Medicaid 
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enrollment. Because maintaining Medicaid enrollment 
can be an important tool for maintaining access to care, 
our main results do not adjust for Medicaid enrollment in 
the follow- up period, but we include enrollment- adjusted 
results in an online supplemental table. Enrolledi is an 
indicator of HH enrollment, thus the main quantity of 
interest is β1, which represents the estimated impact of 
enrollment on the outcome. Including a lagged outcome 
measured in the baseline period as a regressor enables us 
to control for the comparison group pre- to- post change 
within a difference- in- differences framework. All models 
used entropy balance weights as probability weights, and 
robust standard errors were estimated.

Fractional logistic regression models were estimated 
for outcomes whose values ranged from 0 to 1 (COC and 
UPC measures, and the proportion of hospitalizations or 
ED visits followed up within 7, or 30, days by an outpa-
tient visit). Logistic regression models were estimated for 
the presence of any hospitalization or any ED visit in the 
follow- up period. Negative binomial models were esti-
mated for the number of primary care, specialty care, and 
total outpatient (primary care plus specialty care) visits.

Because the 7/30- day follow- up measures are only 
defined for individuals experiencing an ‘index’ event 
(either a hospitalization or and ED visit), and the COC 
and UPC measures are only defined for individuals 
having at least two, or at least one, outpatient visit, respec-
tively, these models were estimated only on individuals 
meeting these criteria in the follow- up period. In order to 
retain all such individuals in the models, missing baseline 
COC and UPC indices and follow- up measures for the 
baseline period were set to zero and missing indicators 
were included for each of these when used as baseline 
period covariates.

Since the COC and UPC indices are difficult to 
interpret, Cohen’s d effect sizes were calculated for all 
impacts.40 For logistic regression results, log- odds were 
converted to Cohen’s d using the formula: d=log(OR) * 
sqrt(3) / pi.41

RESULTS
We identified 115 434 individuals with diabetes using the 
INSIGHT EHR data. Table 1 presents the baseline char-
acteristics for the 11 646 individuals who enrolled in an 
HH in 2010–2016. A sizeable percentage of HH enrollees 
were non- Hispanic Black (29.9%) or Hispanic (48.7%) 
individuals; 33.0% were dual- eligible, and 49.1% received 
SSI disability. As expected, this population had complex 
needs indicated by multiple comorbidities, including 
53.7% with serious mental illness, 26.9% with alcohol 
and substance use disorders, and a mean of 17.0 CCI 
conditions. In the baseline period, the group had high 
rates of healthcare utilization (mean of 1.0 hospitaliza-
tion, 1.1 ED visits) and Medicaid payments (mean $45 
488 in nominal dollars).

Tables 2 and 3 display the results of our matching and 
weighting procedures. After matching and weighting, 

Table 1 Characteristics of health home enrollees in the 
12- month baseline period before enrollment

Measure

N (%), mean (SD), or 
median (range)
n=11 646

Medicare 3841 (33.0%)

SSI due to disability 5720 (49.1%)

SSI due to age 2344 (20.1%)

Female 6999 (60.0%)

Age

  Mean (SD) 55.2 (12.6)

  Median (range) 56 (18–98)

Age category (years)

  15–44 1986 (17.0%)

  45–64 7287 (62.5%)

  65+ 2383 (20.4%)

Race and ethnicity

  Hispanic 5674 (48.7%)

  Non- Hispanic Black 3488 (29.9%)

  Non- Hispanic white 1228 (10.5%)

  Other/unknown 1266 (10.9%)

Months of Medicaid enrollment

  Mean (SD) 11.6 (1.5)

  Median (range) 12 (2–12)

Any inpatient diabetes diagnosis 3697 (31.7%)

Any outpatient diabetes diagnosis 8165 (70.0%)

Serious mental illness diagnosis 6254 (53.7%)

Alcohol or substance use disorder 
diagnosis

3136 (26.9%)

Cancer diagnosis 1831 (15.7%)

HIV diagnosis 3699 (31.7%)

Number of chronic (CCI) conditions

  Mean (SD) 17.0 (9.4)

  Median (range) 16 (0–60)

Metformin prescriptions

  Mean (SD) 2.7 (4.3)

  Median (range) 0 (0–25)

Any metformin prescriptions 4215 (36.2%)

Insulin prescriptions

  Mean (SD) 0.5 (0.8)

  Median (range) 0 (0–2)

Any insulin prescriptions 3050 (26.2%)

Total Medicaid payments

  Mean (SD) $45 488 ($61 699)

  Median (range) $25 981 ($0–2694748)

Hospitalizations

  Mean (SD) 1.0 (2.1)

  Median (range) 0 (0–35)

Any hospitalization 4837 (41.5%)

ED visits

Continued

https://dx.doi.org/10.1136/bmjdrc-2021-002204
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standardized differences between the mean values for 
the matched groups for all matching variables were 0, 
and variance ratios were 1 (within measurement error). 
All HH enrollees in the unmatched sample were retained 
in the matched sample.

Our analyses estimated HH program impacts as the 
difference between the observed mean level of each 
outcome and what would have been expected based on 
observed levels of the outcome variable in the compar-
ison group, adjusting for baseline covariates that 
included observed levels of the baseline outcome in each 
group (table 4). In the 12 months following HH enroll-
ment, HH enrollees had, on average, 1.0 more month 
of Medicaid coverage (p<0.001) and 4.6 more outpatient 
visits than expected (p<0.001). The program impact on 
outpatient visits was evenly distributed between primary 
and specialty care visits. There were also positive impacts 
on the proportions of patients with follow- up visits within 
7 days (4 percentage points (pp), p<0.001) and 30 days 
(6pp, p<0.001) after an inpatient admission, and on the 
proportion of patients with follow- up visits within 30 
days after an ED visit (4pp, p<0.001), and a marginally 
statistically significant positive impact on follow- up visits 
within 7 days after an ED visit (2pp, p=0.056). There was 
a small, negative program impact on the UPC Index 
(−0.02, p<0.001), and no detectable effect on the COC 
Index. There were also positive impacts on the propor-
tions of patients with an inpatient stay (7pp, p<0.001) 
or an ED visit (7pp, p<0.001), largely attributable to 
decreases in these measures in the comparison group. 
When adjusting for months enrolled in Medicaid in the 
follow- up period, we found smaller impacts on outpa-
tient visits that remained statistically significant, smaller 
impacts of follow- up visits within 30 days of an inpatient 
admission or ED visit that remained statistically signifi-
cant and similar findings with regard to UPC and COC 
indices (online supplemental table 1).

DISCUSSION
We examined access to care among Medicaid Health 
Home participants with diabetes before and after enroll-
ment compared with a matched and weighted comparison 
group. Overall, being in an HH was associated with signif-
icant improvements in access to care. We found that HH 
enrollees had more outpatient visits (both primary care 
and specialty visits), prompter follow- up after ED visits 
and admissions, and more months of Medicaid coverage 
in the 12- month postenrollment period. Each of these 
results is plausibly clinically significant (several more 
outpatient visits, 2–6pp increases in prompt follow- up, 
and one additional month of Medicaid- insurance 
coverage). We found a very small negative impact on 
one COC measure, however, for HH enrollees compared 
with non- enrollees; given the small effect size (d=−0.073) 
this effect does not seem likely to be clinically signifi-
cant. We also found a higher percentage of patients with 
inpatient and ED visits than expected. We should note 
that our impact estimates were attenuated toward zero 
when adjusting for the increase in Medicaid coverage in 
the follow- up period (see online supplemental table 1), 
such that about half of the program’s impacts on outpa-
tient, primary, and specialty care appeared to be due to 

Measure

N (%), mean (SD), or 
median (range)
n=11 646

  Mean (SD) 1.1 (4.0)

  Median (range) 0 (0–163)

Any ED visit 4125 (35.4%)

Primary care visits

  Mean (SD) 10.1 (13.8)

  Median (range) 6 (0–345)

Specialty care visits

  Mean (SD) 11.2 (14.7)

  Median (range) 7 (0–227)

Proportion of inpatient stays with 
outpatient follow- up w/in 7 days

  N evaluated 4837

  Mean (SD) 0.5 (0.4)

  Median (range) 1 (0–1)

Proportion of inpatient stays with 
outpatient follow- up w/in 30 days

  N evaluated 4837

  Mean (SD) 0.8 (0.4)

  Median (range) 1 (0–1)

Proportion of ED visits with outpatient 
follow- up w/in 7 days

  N evaluated 4125

  Mean (SD) 0.4 (0.4)

  Median (range) 0 (0–1)

Proportion of ED visits with outpatient 
follow- up w/in 30 days

  N evaluated 4125

  Mean (SD) 0.7 (0.4)

  Median (range) 1 (0–1)

UPC Index

  N evaluated 9963

  Mean (SD) 0.7 (0.2)

  Median (range) 1 (0–1)

COC Index

  N evaluated 9063

  Mean (SD) 0.5 (0.3)

  Median (range) 0 (0–1)

‘Visits’ were defined as the number of unique combinations of 
provider ID, Medicaid ID, and dates within the baseline period.
CCI, chronic condition indicator; COC, Continuity of Care; ED, 
emergency department; ID, identification; Range, minimum and 
maximum values; SSI, Supplemental Security Income; UPC, Usual 
Provider of Care; w/in, within.

Table 1 Continued

https://dx.doi.org/10.1136/bmjdrc-2021-002204
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Table 2 Means and standardized differences before and after matching and weighting

Baseline period characteristic

Before matching/weighting After matching/weighting

Treated
(n=11 646)

Untreated
(73 973) StdDif

Treated
(n=11 646)

Untreated
(n=26 601) StdDif

Medicare 0.33 0.55 −0.45 0.33 0.33 0.00

SSI disabled 0.49 0.22 0.58 0.49 0.49 −0.00

SSI aged 0.20 0.43 −0.51 0.20 0.20 0.00

Any hospitalization 0.41 0.27 0.30 0.41 0.41 −0.00

Any ED visit 0.35 0.21 0.33 0.35 0.35 −0.00

Months enrolled in Medicaid 11.59 11.62 −0.02 11.59 11.59 −0.00

Age 55.23 62.48 −0.50 55.23 55.23 0.00

Inpatient diabetes dx 0.32 0.20 0.26 0.32 0.32 0.00

Outpatient diabetes dx 0.70 0.60 0.21 0.70 0.70 0.00

SMI dx 0.54 0.30 0.50 0.54 0.54 −0.00

SUD dx 0.27 0.07 0.53 0.27 0.27 −0.00

Cancer dx 0.16 0.16 −0.00 0.16 0.16 −0.00

HIV dx 0.32 0.08 0.61 0.32 0.32 −0.00

Number of CCI dxs 17.02 12.70 0.45 17.02 17.02 −0.00

Index month (relative to January 2010) 19 890.35 19 905.02 −0.03 19 890.35 19 890.35 0.00

Non- Hispanic white 0.11 0.19 −0.25 0.11 0.11 0.00

Non- Hispanic black 0.30 0.21 0.20 0.30 0.30 −0.00

Metformin prescriptions in months 1–6 1.36 0.87 0.23 1.36 1.36 0.00

Metformin prescriptions in months 7–12 1.31 0.84 0.23 1.31 1.31 0.00

Insulin prescriptions in months 1–6 0.22 0.10 0.33 0.22 0.22 0.00

Insulin prescriptions in months 7–12 0.24 0.11 0.35 0.24 0.24 0.00

UPC Index 0.60 0.52 0.21 0.60 0.60 0.00

Undefined UPC Index 0.15 0.31 −0.40 0.15 0.15 0.00

COC Index 0.39 0.33 0.16 0.39 0.39 0.00

Undefined COC Index 0.22 0.40 −0.39 0.22 0.22 0.00

Month 1 cost 4252.78 3825.79 0.04 4252.78 4252.78 −0.00

Month 2 cost 4174.61 3788.27 0.04 4174.61 4174.61 −0.00

Month 3 cost 4099.26 3726.99 0.04 4099.26 4099.26 −0.00

Month 4 cost 3967.85 3695.77 0.03 3967.85 3967.85 −0.00

Month 5 cost 3854.96 3587.30 0.03 3854.96 3854.96 −0.00

Month 6 cost 3734.25 3521.57 0.02 3734.25 3734.25 −0.00

Month 7 cost 3572.09 3503.08 0.01 3572.09 3572.09 −0.00

Month 8 cost 3653.25 3415.92 0.03 3653.25 3653.25 −0.00

Month 9 cost 3633.43 3394.53 0.03 3633.43 3633.43 −0.00

Month 10 cost 3595.15 3317.48 0.03 3595.15 3595.15 −0.00

Month 11 cost 3420.26 3284.35 0.02 3420.26 3420.26 −0.00

Month 12 cost 3493.49 3286.04 0.02 3493.49 3493.49 −0.00

Hospitalizations 0.99 0.47 0.31 0.99 0.99 −0.00

ED visits 1.05 0.40 0.20 1.05 1.05 −0.00

PCP visits 10.12 6.19 0.32 10.12 10.12 0.00

Specialty visits 11.16 8.30 0.19 11.16 11.16 −0.00

The ‘baseline period’ comprised the 12 calendar months before the calendar month that contained the index date.
Undefined UPC indices (<2 visits) and undefined COC indices (<1 visit) were assigned values of zero for purposes of matching/weighting.
‘Visits’ were defined as the number of unique combinations of provider ID, Medicaid ID, and dates within the baseline period.
CCI, chronic condition indicator; COC, Continuity of Care; dx, International Classification of Diseases (ICD) 9/10 diagnosis; ED, emergency 
department; ID, identification; PCP, primary care provider; SMI, serious mental illness; SSI, Supplemental Security Income; StdDif, standardized 
difference; SUD, substance use disorder; UPC, Usual Provider of Care.
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Table 3 Variances and variance ratios before and after matching and weighting

Baseline period characteristic

Before matching/weighting After matching/weighting

Treated
(n=11 646)

Untreated
(73 973) Ratio

Treated
(n=11 646)

Untreated
(n=26 601) Ratio

Medicare 0.22 0.25 0.89 0.22 0.22 1.00

SSI disabled 0.25 0.17 1.44 0.25 0.25 1.00

SSI aged 0.16 0.25 0.65 0.16 0.16 1.00

Any hospitalization 0.24 0.20 1.23 0.24 0.24 1.00

Any ED visit 0.23 0.17 1.38 0.23 0.23 1.00

Months enrolled in Medicaid 2.40 2.54 0.95 2.40 2.40 1.00

Age 158.74 255.11 0.62 158.74 158.73 1.00

Inpatient diabetes dx 0.22 0.16 1.34 0.22 0.22 1.00

Outpatient diabetes dx 0.21 0.24 0.87 0.21 0.21 1.00

SMI dx 0.25 0.21 1.19 0.25 0.25 1.00

SUD dx 0.20 0.07 2.84 0.20 0.20 1.00

Cancer dx 0.13 0.13 0.99 0.13 0.13 1.00

HIV dx 0.22 0.08 2.86 0.22 0.22 1.00

Number of chronic dxs 88.36 93.57 0.94 88.36 88.36 1.00

Index month (relative to January 2010) 179 320.28 264 829.06 0.68 179 320.28 179 311.62 1.00

Non- Hispanic white 0.09 0.16 0.61 0.09 0.09 1.00

Non- Hispanic black 0.21 0.17 1.25 0.21 0.21 1.00

Metformin prescriptions in months 1–6 5.19 3.76 1.38 5.19 5.19 1.00

Metformin prescriptions in months 7–12 5.10 3.61 1.41 5.10 5.10 1.00

Insulin prescriptions in months 1–6 0.17 0.09 1.87 0.17 0.17 1.00

Insulin prescriptions in months 7–12 0.18 0.10 1.88 0.18 0.18 1.00

UPC Index 0.11 0.16 0.70 0.11 0.11 1.00

Undefined UPC Index 0.12 0.21 0.58 0.12 0.12 1.00

COC Index 0.13 0.15 0.86 0.13 0.13 1.00

Undefined COC Index 0.17 0.24 0.72 0.17 0.17 1.00

Month 1 cost 1.01e+08 8.43e+07 1.19 1.01e+08 1.01e+08 1.00

Month 2 cost 7.83e+07 9.00e+07 0.87 7.83e+07 7.83e+07 1.00

Month 3 cost 8.05e+07 9.40e+07 0.86 8.05e+07 8.05e+07 1.00

Month 4 cost 8.22e+07 1.13e+08 0.73 8.22e+07 8.22e+07 1.00

Month 5 cost 7.94e+07 8.82e+07 0.90 7.94e+07 7.94e+07 1.00

Month 6 cost 9.21e+07 1.17e+08 0.79 9.21e+07 9.21e+07 1.00

Month 7 cost 5.63e+07 9.35e+07 0.60 5.63e+07 5.62e+07 1.00

Month 8 cost 6.95e+07 1.00e+08 0.69 6.95e+07 6.95e+07 1.00

Month 9 cost 7.66e+07 8.63e+07 0.89 7.66e+07 7.66e+07 1.00

Month 10 cost 6.80e+07 6.71e+07 1.01 6.80e+07 6.80e+07 1.00

Month 11 cost 5.88e+07 8.40e+07 0.70 5.88e+07 5.88e+07 1.00

Month 12 cost 1.29e+08 8.63e+07 1.50 1.29e+08 1.29e+08 1.00

Hospitalizations 4.49 1.25 3.59 4.49 4.49 1.00

ED visits 16.37 4.55 3.60 16.37 16.37 1.00

PCP visits 190.58 111.02 1.72 190.58 190.57 1.00

Specialty visits 215.06 219.31 0.98 215.06 215.05 1.00

The ‘baseline period’ comprised the 12 calendar months before the calendar month that contained the index date.
Undefined UPC indices (<2 visits) and undefined COC indices (<1 visit) were assigned values of zero for purposes of matching/weighting.
‘Visits were defined as the number of unique combinations of provider ID, Medicaid ID, and dates within the baseline period.
COC, Continuity of Care; dx, International Classification of Diseases (ICD) 9/10 diagnosis; ED, emergency department; ID, identification; PCP, 
primary care provider; SMI, serious mental illness; SSI, Supplemental Security Income; SUD, substance use disorder; UPC, Usual Provider of Care.
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the program’s impact on Medicaid enrollment, but these 
categories of service increased even after adjustment for 
longer Medicaid enrollment periods in the HH group.

Our study adds evidence about the impact of care 
management programs generally. While a principal goal 
of most care management programs is to reduce inpa-
tient and ED utilization, and therefore costs, multiple 
studies, meta- analyses, and systematic reviews have 
found mixed effects of care management programs on 
healthcare utilization.42–49 An evaluation of the Chronic 
Illness Demonstration Project, the forerunner of the HH 
program in New York State, found a similar increase in 
outpatient visits.50 Most recently, Buja et al noted consis-
tent findings across meta- analyses and systemic reviews of 
no impact on hospital admissions, and variable evidence 
of impact on ED visits, costs, length of stay, and primary 
care.49 But evaluations focused only on inpatient and 
ED utilization and costs may not capture all important 
impacts, especially from the patient perspective. A rela-
tively small number of studies include outpatient care as 
an outcome, and these rarely evaluate other measures 
of access to care. In addition, very little of this research 
focuses on patients with complex needs.48 Therefore, 
our study adds to two important areas currently lacking 
robust evidence, namely access to care and individuals 
with complex needs.

Poor access to care is one reason for known dispari-
ties in diabetes care and outcomes experienced by Black 
and Latinx populations and those with serious mental 
illness.26 51–54 Our study contributes by estimating the 
impact of a policy among a group largely comprised of 
individuals at risk for poor access because of systemic 
inequity (the group was 29.9% non- Hispanic Black 
individuals and 48.7% Hispanic individuals, and 53.7% 
had a diagnosis of serious mental illness). This study 
also echoes the findings of our qualitative work, which 
found that HH improved access to care from the patient 
perspective.30

Our study has several limitations. We examined a set 
of intermediate markers of access to care and not clin-
ical outcomes among patients with diabetes. Future 
analyses will examine whether the HH improved clinical 
outcomes including the receipt of guideline concordant 
care, better disease control, and fewer diabetes- related 
hospitalizations. The cohort we studied is a subset of 
patients in New York City (NYC) with diabetes who are 
insured by Medicaid, since it is limited to those who 
received at least some of their care at one of the academic 
medical centers that participate in the INSIGHT Clinical 
Research Network. As such, our sample does not repre-
sent the experience of all Medicaid- insured patients 
with diabetes, as patients who receive care only at NYC 
Health+Hospitals locations (NYC’s public healthcare 
system) or community hospitals are not included in our 
cohort.

In addition, although we used advanced observational 
research natural experiment methods to identify and 
weight the comparison group, it is still possible that 

there were differences between the groups that we did 
not account for, leading to biased results. Specifically, it 
is possible that there were remaining unobserved differ-
ences between the groups that created ‘differential mean 
reversion’, by which individual outcome values regress 
to their respective population means at different rates in 
the two groups because the groups are drawn from funda-
mentally different underlying populations.39 We should 
note, for example, that most of our comparison group’s 
average outcome values decrease from the baseline to the 
follow- up period, whereas all of the HH enrolled group’s 
outcome values increase from baseline to follow- up. 
This suggests the possibility that our estimated program 
impacts may be biased by unobserved or unadjusted 
differences in illness severity that would have resulted in 
shorter episodes of care in the comparison cohort than 
in the HH enrolled group even in the absence of the HH 
program. As we described above, we have addressed this 
possibility by matching on time trends in utilization, as 
well as on time invariant characteristics.

This study examined data from 2010 to 2017, prior to 
the global pandemic of COVID- 19. COVID- 19 severely 
disrupted healthcare delivery, and thus access to care, in 
NYC and throughout the USA. The individuals who are 
members of the HH program are at particularly high risk 
for the morbidity, mortality, and care disruption caused 
by COVID- 19. This study serves as a baseline description 
of access to care in a particularly vulnerable population. 
It suggests that for patients with diabetes and Medicaid 
insurance, care management services provided by the 
HH could serve an important role in connecting patients 
with providers and services; this connection may be even 
more important under pandemic circumstances, and will 
be a focus of our future research.

In conclusion, our results suggest that the HH program 
had a positive and favorable impact on access to care 
among patients with diabetes in NYC during the program’s 
initial 5 years. These findings add to understanding the 
potential role that care management programs have in 
improving care.
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