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BACKGROUND: Global budgets might incentivize
healthcare systems to develop population health pro-
grams to prevent costly hospitalizations. In response
to Maryland’s all-payer global budget financing sys-
tem, University of Pittsburgh Medical Center (UPMC)
Western Maryland developed an outpatient care
management center called the Center for Clinical
Resources (CCR) to support high-risk patients with
chronic disease.

OBJECTIVE: Evaluate the impact of the CCR on patient-
reported, clinical, and resource utilization outcomes for
high-risk rural patients with diabetes.

DESIGN: Observational cohort study.

PARTICIPANTS: One hundred forty-one adult patients
with uncontrolled diabetes (HbA1lc > 7%) and one or more
social needs who were enrolled between 2018 and 2021.
INTERVENTIONS: Team-based interventions that pro-
vided interdisciplinary care coordination (e.g., diabe-
tes care coordinators), social needs support (e.g., food
delivery, benefits assistance), and patient education
(e.g., nutritional counseling, peer support).

MAIN MEASURES: Patient-reported (e.g., quality of life,
self-efficacy), clinical (e.g., HbAlc), and utilization outcomes
(e.g., emergency department visits, hospitalizations).

KEY RESULTS: Patient-reported outcomes improved
significantly at 12 months, including confidence in
self-management, quality of life, and patient experience
(56% response rate). No significant demographic differ-
ences were detected between patients with or without
the 12-month survey response. Baseline mean HbAlc
was 10.0% and decreased on average by 1.2 percentage
points at 6 months, 1.4 points at 12 months, 1.5 points
at 18 months, and 0.9 points at 24 and 30 months
(P<0.001 at all timepoints). No significant changes were
observed in blood pressure, low-density lipoprotein
cholesterol, or weight. The annual all-cause hospitali-
zation rate decreased by 11 percentage points (34 to
23%, P=0.01) and diabetes-related emergency depart-
ment visits also decreased by 11 percentage points (14
to 3%, P=0.002) at 12 months.
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CONCLUSIONS: CCR participation was associated with
improved patient-reported outcomes, glycemic control,
and hospital utilization for high-risk patients with diabe-
tes. Payment arrangements like global budgets can sup-
port the development and sustainability of innovative di-
abetes care models.
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INTRODUCTION

As health care costs and chronic disease prevalence rise in the
USA, policymakers are increasingly implementing value-
based payment reforms that aim to reduce health care expen-
ditures while improving health outcomes.'? Diabetes is an
important target given its significant impact on morbidity
and mortality. Despite advances in treatment and prevention,
over 34 million people in the USA have diabetes and one in
four health care dollars is attributable to patients with diabe-
tes.>* Additionally, to reduce persistent disparities in health
outcomes, effective diabetes care programs must involve mul-
tidisciplinary teams and address social drivers of health such
as food insecurity.”® However, these programs remain diffi-
cult to fund and sustain without changes in health care policy
and payment systems.

Individual states can accelerate value-based care through
policy and payment reforms. Maryland provides a unique
example of state-driven care transformation efforts. Maryland
established the country’s only all-payer rate-setting system for
hospital services in the late 1970s, introduced hospital global
budgets in the early 2010s, and in 2019 launched its Total Cost
of Care model with the Center for Medicare and Medicaid
Innovation.”'' Under Maryland’s global budget model, all
payers in aggregate pay hospitals a fixed annual amount of
revenue for inpatient and outpatient services, adjusted for
various factors such as population size and quality perfor-
mance and irrespective of utilization.'*'® This financial model
flips the traditional fee-for-service incentive structure by


http://orcid.org/0000-0003-0758-8540
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-022-07918-2&domain=pdf

JGIM Wang et al.: Diabetes Care Innovations in Western Maryland S49

allowing hospitals to focus on outcomes rather than volume
and rewards them for investing in population health strategies
that can reduce costly hospitalizations. Previous studies ana-
lyze the overall experience of global budgets in Maryland and
have shown significant cost savings, improved quality, and
reduced readmissions.'*!'> However, little research has fo-
cused on the impact of global budgets on patient-level out-
comes for chronic conditions like diabetes, nor studied how
these state-level changes have enabled Maryland hospitals to
address social drivers of health and improve population health.

We aimed to evaluate the impact of state-level policy
changes at University of Pittsburgh Medical Center
(UPMC) Western Maryland (previously Western Maryland
Health System) on health system innovations to improve
outcomes for high-risk patients with type 2 diabetes. UPMC
Western Maryland is an integrated healthcare network in
Cumberland, Maryland, and grantee in Bridging the Gap:
Reducing Disparities in Diabetes Care, a 5-year initiative
supported by the Merck Foundation that aims to improve
diabetes inequities by transforming primary care and ad-
dressing medical and social needs.'®'” In 2013, supported
by the shift to global budgets, the hospital opened the
Center for Clinical Resources (CCR), an outpatient facility
focused on co-managing high-risk patients with chronic
diseases such as diabetes through intensive, team-based
interventions that provide enhanced medical support, social
needs assistance, and patient education. We conducted an
observational cohort study to assess how CCR interventions
impacted patient-reported, clinical, and utilization out-
comes for high-risk patients with type 2 diabetes. These
findings are relevant to other states and stakeholders inter-
ested in creating delivery and payment environments that
enable diabetes care transformation.

METHODS
Study Setting and Design

We performed an observational cohort study of 141 patients
with diabetes at UPMC Western Maryland. The hospital cares
for a rural, aging population of approximately 123,000 in
Allegany County and surrounding counties in West Virginia
and Pennsylvania.'® Allegany County is ranked among the
least healthy counties in Maryland, with rates of smoking,
obesity, and food insecurity that exceed both state and national
averages.'® Additionally, the hospital service area has a dia-
betes prevalence of 15%, making it an important region for
intervention.

Unique to UPMC Western Maryland, the CCR is an
outpatient chronic disease management facility that offers
a wide array of supports such as interdisciplinary care
coordination, nutritional counseling, food delivery services,
behavioral health case management, and other services
aimed at addressing unmet social and medical needs for
patients with diabetes (Fig. 1). We collected and analyzed

patient-reported, clinical, and utilization outcomes for pa-
tients engaged at the UPMC Western Maryland CCR. This
study was approved by the University of Chicago Institu-
tional Review Board.

Eligibility Criteria

Patients were enrolled in the CCR by Diabetes Management
Care Coordinators (DMCCs), registered nurses with expertise
in working with patients with diabetes. DMCCs received
patient referrals from primary care, endocrinologists, and in-
patient providers and then recommended patients for inclusion
if they had uncontrolled diabetes (HbAlc > 7.0%), more than
one unmet social need (e.g., issues accessing food, hous-
ing, transportation), and a score of “moderate” or “high”
on a diabetes risk stratification screening. The screening
tool was created internally using validated sources in-
cluding the Arizona Self-Sufficiency Matrix and Account-
able Health Communities Health-Related Social Needs
Screening Tool and considered factors such as medication
regimen, comorbidities, and self-management knowledge
(see Appendices A and B for additional information on
patient eligibility and screening criteria).”*?' Patients
were included in the present study if they enrolled in
CCR services and were seen more than once by the

DMCC. Enrollment occurred on a rolling basis between
February 2018 and June 2021.

Intervention

Each patient was assigned to a dedicated DMCC who
served as the patient’s main point of contact and advocate
throughout the healthcare system. Initially, the DMCC met
with each patient in the CCR or the primary care provider’s
(PCP) office for an intake process, identification of unmet
social needs via the WellRx questionnaire, and develop-
ment of an individualized diabetes management plan.*
After intake, DMCCs initiated referrals for any urgent so-
cial needs and collaborated with PCPs and allied team
members (e.g., Community Health Workers (CHWs), Dia-
betes Care and Education Specialists, registered dietitians)
to coordinate care goals. For example, if a DMCC identified
food insecurity as a barrier, then they would refer to a CHW
who would assess program eligibility (e.g., SNAP), fre-
quency of needs, and options for local resources. DMCCs
formally followed patients at 3-month intervals for a mini-
mum of 6 months through telephone and in-person encoun-
ters. They then continued existing management or de-
escalated to lower intensity support or self-management as
indicated by reassessment of the risk stratification screening
tool. CHWs and other allied providers typically worked
with patients at weekly or monthly frequencies as indicated
by patients’ specific needs and until goals were met. The
length of patient enrollment in CCR services ranged from 4
to 41 months, with a mean of 28 months. Further charac-
terization of enrollment data is available in Appendix 3.
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Figure 1 UPMC Western Maryland Center for Clinical Resources Care Model. DMCC, Diabetes Management Care Coordinator.

Data Collection

Patient clinical and utilization data were collected via elec-
tronic health record (EHR) extraction every 6 months through
June 2021. Patient-reported data were received on a rolling
basis as patients were interviewed at baseline (i.e., 0 months)
and 12 months. Each patient was assigned a unique identifier
and all patient data were de-identified and stored in a secure,
web-based file storage platform compliant with University of
Chicago IRB HIPAA security standards.

Patient-reported outcomes (PROs) were collected via a
22-item survey (Appendix 4) with questions pertaining to
diabetes self-care, quality of life, and patient experience
from several validated measures (Summary of Diabetes
Self-Care Activities, Behavioral Risk Factor Surveillance
System, CDC Health-Related Quality of Life).>* ° Patients
were administered the same survey at baseline and 12
months.

Clinical outcomes were collected from outpatient visit and
laboratory data extracted from the hospital’s EHR, including
Hemoglobin Alc (HbAlc), systolic and diastolic blood pres-
sure (BP), lipids (including LDL, HDL, triglycerides), weight,
and body mass index (BMI). These outcomes were collected
at multiple timepoints between baseline and 36 months to
enable longitudinal evaluation.

Utilization outcomes were collected from internal claims data
including emergency department (ED) visits, hospitalizations,

and charge data associated with each stay. These data were also
collected for 12 months pre- and post-enrollment to enable
comparison of patient outcomes before and after intervention.

Data Analysis

Survey and EHR data were imported into RStudio (version
3.6.1; RStudio, PBC) for statistical analysis.3 O Patients’ demo-
graphic, PRO, clinical, and utilization data were summarized by
descriptive statistics. To conduct self-comparisons in patient
outcomes before and after intervention, we used McNemar’s
tests for binary outcomes, paired #-tests for continuous out-
comes, and Wilcoxon signed-rank tests for ordinal outcomes.
Given varying sample sizes at each follow-up timepoint (e.g.,
decreasing sample sizes over time either due to loss to follow-
up or patients not yet reaching that timepoint), we also used a
linear mixed model to model clinical outcomes over time and to
test time trend effects, adjusting for age, sex, and insurance
type. In addition, we conducted analyses to detect any patterns
in missing data, using chi-square tests, Fishers’ exact tests, and
two-sample #-tests to compare groups with and without certain
follow-up data (e.g., 12-month PRO data, 12-month HbA1c).
We used the Clinical Classifications Software Refined software
from the Agency for Healthcare Research and Quality to cate-
gorize comorbidities from problem lists and primary diagnoses
from ED visits and hospitalizations.?' Significance was defined
as a two-sided P-value less than 0.05.
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RESULTS
Demographics

In total, 141 patients were included in the study sample.
Patient demographics are displayed in Table 1. Most patients
were over the age of 50 (76%), were female (57%), spoke
English as their preferred language (100%), and were publicly
insured (Medicare, Medicaid, or both; 83%). Social needs at
baseline included difficulty accessing food (71%), transporta-
tion (42%), and medications (33%). Patients had an average of
4.9 chronic conditions, with the most common comorbidities
being hyperlipidemia (77%), hypertension (75%), and obesity
(64%).

Patient-Reported Outcomes

Patient-reported outcomes improved across all 22 items in the
survey delivered at baseline and 12 months (Table 2). The
response rate for 12-month surveys was 56% (79/141). All
survey items were optional, leading to some variability in
response rates across questions. No statistically significant
differences were detected between the groups with and with-
out the 12-month response when accounting for sex, race, age,
insurance type, and number of comorbidities. The greatest

Table 1 Demographics of study participants at baseline

Category N (%)
Age
18-39 9 (6.4)
40-49 25 (17.7)
50-59 50 (35.5)
6064 17 (12.1)
65+ 40 (28.4)
Sex
Female 81 (57.4)
Race
Black or African Descent 5 (3.6)
White or Caucasian 134 (95.7)
Hispanic or Latino 1 (0.7)
Unknown 1(0.7)
Preferred language
English 141 (100)
Insurance type
Medicaid 48 (34.1)
Medicare 44 (31.2)
Dual eligible 25 (17.7)
Commercial 20 (14.2)
Uninsured 4 (2.8)
Social needs
Food 100 (70.9)
Transportation 59 (41.8)
Medications 47 (33.3)
Utilities 42 (29.8)
Housing 28 (19.9)
Number of chronic conditions
1-3 34 (24.1)
4-5 59 (41.8)
6+ 46 (32.6)
Comorbidities
Hyperlipidemia 109 (77.3)
Essential hypertension 106 (75.2)
Obesity 90 (63.8)
Depressive disorders 38 (27.0)
Coronary artery disease 34 (24.1)
Chronic kidney disease 33 (23.4)
Chronic obstructive pulmonary disease 24 (17.0)

improvements occurred in healthful eating, self-efficacy,
health ratings, and experiences with PCPs. Days per week
eating five or more servings of fruits and vegetables increased
from 2.46 to 4.14 days per week (P<0.001). Confidence in
managing blood sugar levels increased from 4.38 to 7.00 on a
10-point scale (P<0.001). Additionally, patients reporting that
their overall health was better than 6 months prior increased
from 3 to 47% (P<0.001). Furthermore, patients reporting that
their PCP always knew important information about their life
and always asked for their own ideas about managing their
health increased from 15 to 46% (P<0.001) and 14 to 46%
respectively (P<0.001).

Clinical Outcomes

Baseline mean HbAlc was 10.0% and decreased on average
by 1.2 percentage points at 6 months, 1.4 points at 12 months,
1.5 points at 18 months, 0.9 points at 24 and 30 months, and
1.0 points at 36 months (Fig. 2). In linear mixed modeling
adjusting for age, sex, and insurance type, these reductions
were statistically significant at all time points between baseline
and 30 months (P<0.001). There was no significant difference
in baseline HbAlc between those with and without a 12-
month HbAlc value (P=0.12). No significant changes were
observed in BP, LDL, weight, or BMI between baseline and
36 months (Table 3).

Resource Utilization

The all-cause hospitalization rate decreased by 11 percentage
points (34 to 23%, P=0.01) between the pre- and post-
intervention periods (12 months before and after baseline)
(Table 4). When limited to the 81 patients with baseline and
12-month HbA Ic, hospitalizations decreased from 38 to 27%
between time periods (P=0.11). Mean total days length of stay
across all hospitalizations in each period and mean length of
stay per hospitalization also decreased from 2.45 to 1.90 days
(P=0.04) and 1.70 to 1.16 days (P=0.02) respectively. Addi-
tionally, the proportion of ED visits due to diabetes-related
complications decreased by 11 percentage points (14 to 3%,
P=0.002) between periods. No significant changes were ob-
served for mean number of ED visits or hospitalizations,
percentage of patients with an ED visit, or mean total charges
for ED visits or hospitalizations among program participants.

DISCUSSION

Global budget models might incentivize health care systems to
develop innovative population health programs to improve
patient outcomes and reduce avoidable utilization. In a case
study for diabetes care innovation under Maryland’s global
budget system, we found that participation in UPMC Western
Maryland’s Center for Clinical Resources was associated with
improved quality of life and self-efficacy, durable reductions
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Table 2 Patient-reported outcomes

Question* Scale notes N  Baseline 12-month P-value'

mean (SD) mean (SD)

1 Healthful Eating Plan Days per week 79  2.46 (2.06) 4.14 (1.87) <0.001

2 Fruits and Vegetables Days per week 78  1.86 (2.16) 3.73 (2.09) <0.001

3 High Fat Foods Days per week 78  3.33 (1.88) 2.91 (1.62) 0.08

4 Exercise Days per week 77  1.62 (2.29) 2.48 (2.40) 0.01

5 Blood Sugar Test Days per week 76 5.51 (2.56) 6.10 (2.07) 0.06

6 Glucose Test Adherence Days per week 74 447 (3.06) 5.69 (2.26) 0.004

7 Foot Care Days per week 76  3.03 (2.58) 3.91 (2.40) 0.01

8 Diabetes Treatment Adherence Days per week 79  5.80 (2.35) 6.24 (1.96) 0.21

9 Sugared Beverages Times per day 75 0.89 (1.09) 0.41 (0.66) <0.001

Self-efficacy composite ) 3.84 6.15

T0 Food Choices 10-point confidence* 79  3.66 (2.19) 635 (2.22) <0.001

11 Exercise 10-point conﬁdencef 78  3.08 (2.64) 4.63 (3.40) <0.001

12 Managing Blood Sugar 10-point confidence* 79 438 (2.47) 7.00 (2.14)  <0.001

13 Diabetes Control 10-point confidence* 76 422 (2.22) 6.63 (2.29) <0.001

Current health rating

14 Health=Excellent, Very Good, Good, Fair, Poor 79 0.01

14 Excellent 3% 0%

14 Very Good 3% 8%

14 Good 22% 35%

14 Fair 56% 51%

14 Poor 18% 6%

Health Change Rating

T5. Health=Better, Same, Worse vs 6 months ago 79 <0.001

15 Better % vs 6 months ago 3% 47%

15 Same % vs 6 months ago 47% 39%

15 Worse % vs 6 months ago 51% 14%

16 Physical Health Not Good Days per month 62  15.30 (9.94) 10.10 (9.53)  <0.001

17 Mental Health Not Good Days per month 66 11.20 (9.69) 8.03 (8.73) 0.01

18 Physical or Mental Health Barrier Days Days per month if Q16 or Q17 >0 62 13.69 (10.54)  9.13 (9.41) 0.002

19 Any Health Limitation % Yes 69  72% 52% 0.06

20 Pain Barriers Days per month 64 12.20(11.20) 8.65(10.50) 0.03

21 Primary Care Provider Always Knew Personal % 1n past 6 months 79  15% 46% <0.001

Information

22 Primary Care Provider Always Asked for Your Ideas % in past 6 months 79  14% 46% <0.001

*See Appendix 3 for survey questions. TPaired t-test used for continuous variables, Wilcoxon signed-rank test for ordinal variables, and McNemar’s test
for binary variables. *1 = not at all confident, 10 = totally confident
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Time Since Baseline
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Mean (SD)| N [Mean (SD)| N |Mean (SD)| N (Mean (SD)| N |Mean (SD)| N |Mean (SD)| N [Mean (SD)| N
CCR Intervention
(Ne141) 10.0 (2.63)| 120 8.80 (2.16)| 87 | 8.65 (2.20) | 87 | 8.50 (2.28) | 65 [9.12 (2.47)| 67 | 9.11 (2.38) | 49 |9.00 (2.74)| 16

Figure 2 Mean HbAlc over time. HbAlc, Hemoglobin Alc; CCR, Center for Clinical Resources. Error bars represent standard error.
*Denotes statistically significant change from baseline (P<0.001).
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Table 3 Timepoint means for clinical outcomes other than HbAlc

Clinical outcomes Baseline 6 months 12 months 18 months 24 months 30 months 36 months
Blood pressure N Mean N Mean N Mean N  Mean N  Mean N  Mean N  Mean
(mmHg) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Systolic blood 126 130 122 131 103 129 82 132 67 130 56 132 17 137
pressure (13) 17) (16) (14) (16) (14) (25)
Diastolic blood 126 76 (8) 122 75 (8) 103 74 (8) 82 74 (8) 67 75(09) 56 75(9) 17 71 (16)
pressure
Low-density 100 95 (37) 90 92 (37) 68 86 (42) 29 93 (43)
lipoprotein
cholesterol (mg/dL)
Weight (lbs) 135 233 130 233 106 233 85 233 78 236 54 235 18 251
(68) (71) (68) (70) (70) (73) (88)
Body mass index 135  37.6 130 37.7 106 37.7 85 37.1 78 373 54 38.1 18 41.6
(kg/mz) (10.5) (10.6) (10.4) (10.8) (10.2) (11.4) (16.4)

in HbAlc, and reductions in diabetes-related ED visits and
inpatient utilization.

Integrated models that address unmet medical, social, and
psychological needs are effective for improving diabetes out-
comes. Our findings reinforce principles of the Chronic Care
Model, which identifies the importance of community re-
sources, self-management support, and delivery system rede-
sign in providing high-quality chronic disease care.”*** In
particular, the CCR leverages several strengths to drive patient
engagement and improve outcomes. First, it is a centralized
outpatient unit that uses a team-based model of care with
nurses, dieticians, CHWs, and other allied health professionals
to address patient self-management and social needs while
also augmenting physician capacity. Second, DMCCs longi-
tudinally build trust with patients, provide direct coaching, and
adapt care plans to patients’ changing needs. High-touch,
personalized relationships with care coordinators and shared
decision-making with medical providers have been found to
meaningfully impact patient engagement and health out-
comes.**>° Third, as a program designed to address the
holistic needs of high-risk patient populations, the CCR en-
gages in cross-sector partnerships to extend care into the
community and address unmet social needs. For example, they
partner with a large food service provider to provide home
meals and grocery delivery services upon discharge to patients
facing food insecurity. These model elements provide individ-

ualized services to diabetic patients with complex medical and
social needs to improve outcomes.

While core concepts around chronic care management and
interdisciplinary care coordination are not new, these pro-
grams remain difficult to develop and fund. Thus, Maryland
provides a promising case study of the unique opportunities
afforded by global budgets. Alternative payment models
(APMs) like global budgets can help align hospital financial
realities with population health goals by reorienting the incen-
tives from increasing volume of services rendered in a fee-for-
service environment to developing strategies to keep patients
healthy and out of the hospital.*”** Maryland’s global budget
model differs from other APMs like Accountable Care Organi-
zations (ACOs) by prospectively setting annual funding to
cover inpatient and outpatient services for an attributed patient
population across payers and putting hospitals at greater finan-
cial risk than in ACO shared savings models in which providers
share in a smaller percentage of savings or losses.*® By provid-
ing fixed, predictable revenue that is de-linked from volume,
hospitals have increased flexibility to allocate resources effi-
ciently under the budget constraint to improve population
health. At UPMC Western Maryland, this spending flexibility,
in combination with strong vision and leadership, enabled the
development of the CCR rather than primarily relying on grants
and other fragmented sources of funding.*® Additionally, the
Maryland all-payer rate setting system enforces reimbursement

Table 4 Emergency department and hospital inpatient utilization outcomes

Emergency department (ED) utilization (/V=141)

—12-0 months 0-12 months P-value*
Percentage of patients with ED usage 40% 41% 1.00
Mean number of ED visits (SD) 1.01 (2.00) 1.01 (2.20) 1.00
Mean $ total charges (SD) 833 (1764) 891 (2032) 0.88
Percentage of visits due to diabetes-related complications 14% 3% 0.002
Inpatient utilization (/N=141)

—12—0 months 0-12 months P-value*
Percentage of patients with hospitalizations 34% 23% 0.01
Mean number of hospitalizations (SD) 0.52 (0.91) 0.37 (0.78) 0.08
Mean $ total charges (SD) 7262 (15683) 6868 (18422) 0.25
Mean total days length of stay (SD) 2.45 (4.89) 1.90 (4.98) 0.04
Mean days length of stay per hospitalization 1.70 (3.18) 1.16 (2.99) 0.02

*Wilcoxon signed-rank tests and McNemar's tests used to determine P-values
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parity across all payers, mitigating issues of lower reimburse-
ments from Medicaid seen in other states.*’ While payment
reform is not a panacea to all difficulties in diabetes care
management, the promising results seen in this study suggest
that payment reform can be an important catalyst for new care
delivery models that emphasize prevention and strategies to
address social drivers of health.

Additionally, this study highlights how innovative diabetes
care models can be achieved in rural settings with the right
policy context and leadership. Significant geographic disparities
exist in quality and access to diabetes care, with rural popula-
tions suffering from 16% higher prevalence of type 2 diabetes
and 20% higher diabetes-related hospital mortality.**** Despite
operating in a lower-resource environment, UPMC Western
Maryland’s success in building and maintaining the CCR sug-
gest that other rural hospitals may be able to replicate features of
the CCR model and adapt them to their local circumstances.
However, it also emphasizes the imperative of driving state
investments such that rural hospitals have the capacity to build,
hire, and acquire necessary technology and personnel to make
such a model viable. Telehealth represents another strategy to
improve rural diabetes care and became a critical modality of
CCR care during the COVID-19 pandemic.***

Our study has several limitations. First, this was a real-
world observational study and did not include randomization
or a control group. While we collected retrospective data for
utilization measures to evaluate changes across the pre- and
post-intervention time periods, we cannot determine causality
of the interventions on outcomes of interest and can only state
associations. Outcome data may also be subject to regression
to the mean, which we attempt to mitigate through retrospec-
tive data and long-term follow-up (e.g., 36 months for clinical
outcomes) but cannot fully eliminate without a randomized
design. Second, there was loss to follow-up for surveys and
laboratory values. Reasons for loss to follow-up included
resolution of social needs and patient discontinuation (e.g.,
disengagement, relocation, or death). While no statistically
significant demographic differences were detected in sensitiv-
ity analyses between the groups included in the analytic sam-
ple versus those lost to follow-up, there may be some level of
bias in the reported data and longer-term data (e.g., 36-month
HbAlc) may be subject to greater variability. Third, the
COVID-19 pandemic may be a confounder in our results
and may have impacted patients’ ability to engage with the
healthcare system. Significant physical and social stressors on
individuals may have also affected various outcomes. While
most patients were enrolled and reached their 12-month
timepoint before the pandemic, we are unable to definitively
isolate the intervention effect from the pandemic at later
timepoints. Finally, this was a single-site study within a unique
payment environment. While we believe that there are impor-
tant lessons to be learned from UPMC Western Maryland’s
holistic approach to diabetes care, our findings may not be
generalizable and may need to be adapted for the unique care
and payment circumstances of different healthcare settings.

CONCLUSIONS

New payment models, such as hospital global budgets, can
provide the flexibility and incentives needed to develop and
sustain innovative care models. UPMC Western Maryland
provides a first case study in Maryland that suggests how these
payment changes can lead to care programs that are associated
with durable improvements in patient-reported outcomes, gly-
cemic control, and hospitalizations for high-risk diabetes pa-
tients with substantial medical and social needs. Further re-
search is needed to test whether these models can be effec-
tively translated to other hospital settings.
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