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with emergency room and inpatient
hospital utilization: a Natural
Experiment for Translation in Diabetes

(NEXT-D) Study

Tannaz Moin

"2 Neil Steers,' Susan L Ettner,"® Kenrik Duru,' Norman Turk,’

Charles Chan,* Abigail M Keckhafer,” Robert H Luchs,* Sam Ho,*

Carol M Mangione'?

ABSTRACT

Introduction To examine the association of a novel
disease-specific health plan, known as the Diabetes
Health Plan (DHP), with emergency room (ER) and hospital
utilization among patients with diabetes and pre-diabetes.
Research design and methods Quasi-experimental
design, with employer group as the unit of analysis,
comparing changes in any ER and inpatient hospital
utilization over a 3-year period. Inverse probability
weighting was used to control for differences between
employers purchasing DHP versus standard plans.
Estimated differences in utilization are calculated as
average treatment effects on the treated. We used
employees and dependents from employer groups
contracting with a large, national private insurer

between 2009 and 2012. Eligibility and claims data from
continuously covered employees and dependents with
diabetes and pre-diabetes (n=74 058) were aggregated to
the employer level. The analysis included 9 DHP employers
(n=7004) and 183 control employers (n=67 054).

Results DHP purchase was associated with 2.4 and 1.8
percentage points absolute reduction in mean rates of
any ER utilization, representing 13% and 10% relative
reductions at 1 and 2 years post-DHP (p=0.012and
p=0.046, respectively). There was no significant
association between DHP purchase and hospital utilization.
Conclusion Employers purchasing diabetes-specific
health benefit designs may experience lower rates of
resource-intensive services such as ER utilization.

INTRODUCTION

Employer-sponsored insurance (ESI) can
help improve employee’s health, maximize
productivity and also reduce excessive costs.'™
An estimated 60% of Americans obtain health
insurance through ESL° so employer deci-
sions regarding benefit design can impact the
health of large segments of the population.
In the real world, employers choose between
an abundance of available benefit designs but
may lack needed information to make these

Significance of this study

What is already known about this subject?

» Insurance benefit design has important implications
for patients with diabetes who have high rates of
healthcare utilization, including emergency room
(ER) and hospital visits. The Diabetes Health Plan
(DHP) is a novel health benefit designed for patients
with diabetes and pre-diabetes, so we used a quasi-
experimental design to examine changes in any ER
and inpatient hospital utilization 1 and 2years after
DHP implementation.

What are the new findings?

» Employer group DHP purchase was associated with
significant reductions in mean rates of any ER utili-
zation at 1 and 2 years of follow-up.

» Employer group DHP purchase was not associated
with any significant reductions in mean rates of any
hospital utilization.

How might these results change the focus of

research or clinical practice?

» Diabetes-specific health insurance benefit design
may help lower ER utilization among patients with
diabetes. Tailoring insurance benefit to address
diabetes-specific care may enhance population-
level approaches to the management of patients
with diabetes and pre-diabetes.

important decisions. Studies have shown that
employers are not always aware of clinical
outcomes data, and available information
often does not meet their decision-making
needs.” Thus, rigorous and real-world evalua-
tions of insurance health benefit designs can
help inform employer decisions regarding
insurance benefit design.

The Diabetes Health Plan (DHP) is an
example of a novel health benefit design that
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became available to public and private employer groups
in 2009. The DHP is the first disease-specific health plan
in the USA for patients with diabetes and pre-diabetes
which offers a variety of features, such as reduced cost
sharing for pharmacy and office visits and free or low-
cost resources for disease management. Studies have
demonstrated the benefits of disease management and
lowering of copayments on the increased use of recom-
mended services and medications among persons with
diabetes.>™! Therefore, innovative health insurance
benefit designs that incorporate these evidence-based
features, such as the DHP, may help optimize diabetes
care across large segments of the population.

The fact that only some employer groups have
purchased the DHP represents a unique opportunity
to conduct a rigorous evaluation of a real-world, natu-
rally occurring intervention, also known as a natural
experiment.'” To fully examine the potential impact of
the DHP, both employer and employee perspectives are
key. Although these perspectives overlap in many ways,
there are differences in the timing of decisions that
provide a road map for our study. Typically, employers
first decide whether to purchase specific health
benefit plans from an insurance provider. Only after
an employer chooses to purchase and offer a plan do
employees have the opportunity to decide if the plan is
worth engagement and to what degree. Although both
perspectives are important, the first step in our evalua-
tion of a new benefit design, such as the DHP, can focus
on the employers’ initial considerations regarding plan
purchase.

The knowledge gained from this natural experi-
ment is intended to help inform a population-level,
or employer-level, approach to the management of
patients with diabetes and pre-diabetes. Diabetes now
affects more than 10% of the US population and can
lead to significant morbidity."> '* Although diabetes-
related medical costs are on the rise,"” timely and
appropriate ambulatory care can help prevent many
of the diabetes-related complications that often lead
to costly emergency room (ER) visits and/or hospital
admissions.'® An estimated 26% of all inpatient hospital
days and 12% of all ER visits in the USA are incurred
by patients with diabetes."® Thus, our evaluation of the
association of DHP purchase on costly ER visits and
inpatient hospital admissions is a relevant and timely
question for employers.

In summary, the overall goal of this study was to test
whether employer group purchase of the DHP is asso-
ciated with reductions in ER and inpatient hospital
utilization among covered employees and dependents
with diabetes and pre-diabetes. We hypothesized that
an employer group purchase of the DHP benefit design
would be associated with reductions in ER and inpa-
tient hospital use among employees with diabetes and
pre-diabetes as compared with employer groups who
purchase standard benefit plans.

METHODS

The purchase of the DHP by some employer groups
but not others represents a natural quasi-experiment in
that some groups chose to purchase the DHP, and other
groups chose not to purchase it, and we can observe
what happens to both sets of non-randomly determined
employer groups over time. These are employer-level
analyses, analogous to an ‘intent-to-treat’ design of a theo-
retical trial that would have randomized purchase of the
DHP at the employer level for all working-age employees
and dependents (19-63 years of age) with a diagnosis
of diabetes or pre-diabetes. Our employer-level anal-
yses were conducted using administrative claims, eligi-
bility information and laboratory data from employers
who contracted with the nation’s largest private insurer
between 2009 and 2012. The academic team analyzed all
data independently and retained sole authority over all
publication-related decisions throughout the course of
the study.

Setting

UnitedHealthcare (UHC) developed the DHP as a pilot
program in 2009."7 '® The DHP has been purchased
by various employer groups, including health systems,
universities, school districts, and companies in a variety
of industries such as technology, manufacturing, and
aviation.!” DHP is marketed as a multifaceted benefit
with enhancements to the standard plan in four areas:
(1) eliminated copays for medications (eg, antiglycemic
medications, ACE inhibitors and angiotensin receptor
blockers, and statins) and reduced/eliminated copays
for primary care office visits and selected specialists
(eg, endocrinologists); (2) access to care management
through telephonic or web-based wellness programs;
(3) enhanced communication with beneficiaries via
online data and adherence tracking; and (4) a compli-
ance design that encourages adherence with evidence-
based guidelines to receive enhanced benefits.'” Annual
premiums are consistent across the DHP and standard
benefit plans (ie, premium cost sharing is similar in both
groups). Table 1 compares some of the basic health plan
design features of DHP and standard plans.

Study design/participants
The study design was a non-equivalent control group
quasi-experimental design in which we measured ER and
inpatient hospital utilization over a continuous 3-year
period—Ilyear prior to the purchase of the DHP and
2years afterward (post-DHP). Among control employer
groups that purchased standard plans, the preperiod was
defined as the year 2010 and postperiod was defined as
the years 2011 (1 year after) and 2012 (2 years after).
Nineteen DHP employer groups purchased the DHP
between 2009 and 2010. We excluded groups that did not
have available pharmacy claims (eg, contracted outside
of UHC for pharmacy benefits; n=4), groups with incom-
plete beneficiary enrollment data or claims (eg, missing
plan assignments; n=3), and groups without at least 1 year
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Table 1 Comparison of basic design features of DHP and
standard medical plans purchased from UHC

DHP

Feature Standard plan

Office visit copays
Primary care $0 $20
Specialist (eg, endocrinology) $0-$10  $30

Prescription copays
Metformin, statins, ACE/ARB  $0

Laboratory tests

$5-$15
Covered Covered
Online tracking Included Optional
Diabetes disease management

Weight management

Included Optional
Included Optional

ACE, Angiotensin Converting Enzyme Inhibitor; ARB,
angiotensin receptor blocker; DHP, Diabetes Health Plan; UHC,
UnitedHealthcare.

of baseline data (n=2) and at least 2 years of post-DHP
data (n=1), leaving an analytical sample of nine DHP
employer groups. Of the employer groups that purchased
standard plans, 1388 had available pharmacy claims (ie,
contracted with UHC for pharmacy benefits) and were in
similar industries and of similar size as employer groups
that had purchased the DHP. In order to identify control
groups most comparable to DHP groups, we conducted
an employer-level propensity score match on employer
size, mean income, proportion of female employees,
proportion of employees with a chronic condition and
generosity of benefit.” *' Propensity score match yielded
339 groups in the common support to serve as potential
controls.” * Among these, 233 had sufficient admin-
istrative and laboratory data to identify employees with
diabetes and pre-diabetes. We then excluded groups that
did not have available pharmacy claims over the entire
study period (5.6%), were in the mid-Atlantic region
(where no DHP employer groups were located; 9.4%),
had >90% of employees enrolled in high-deductible
health plans (3.4%), had <20 employees with diabetes or
pre-diabetes (<0.01%), or had terminated their contract
with UHC within the study period (2.1%), leaving an
analytical sample of 183 control employer groups.

We included data from all employees and covered
dependents 19-63 years of age with a diagnosis of diabetes
or pre-diabetes in the preperiod who were continuously
enrolled in a UHC health plan for 3years. Diabetes was
defined by any of the following: (1) =1 International
Classification of Diseases Ninth Revision (ICD-9) diag-
nosis code of 250.xx from an inpatient, outpatient, or ER
claim; (2) a hemoglobin Alc (HbAlc) 26.5% or a fasting
plasma glucose (FPG) >125mg/dL or a 2-hour oral
glucose tolerance test (OGTT) value of >200mg/dL; (3)
=1 prescription fill for insulin or an antiglycemic medi-
cation other than metformin. Pre-diabetes was defined
by any of the following: (1) >2 ICD-9 diagnoses of 790.2x
from an inpatient, outpatient, or ER claim; (2) last
HbAlc value of 5.7%-6.4% or last fasting blood glucose

value of 100-125mg/dL or last 2-hour OGTT value of
140-199mg/dL. We excluded patients with a history
of pregnancy within lyear of diagnosis (ie, gestational
diabetes). For employer groups that purchased the DHP,
data from all eligible employees and covered dependents
with diabetes and pre-diabetes were included, regard-
less of enrollment in DHP (eg, if the employee chose to
opt out of DHP and enroll in a standard plan). This was
consistent with an intent-to-treat design to help inform
a population-level, or employer-level, approach to the
management of patients with diabetes and pre-diabetes.

Measurement/variables

At the individual level, ER and hospital utilization were
measured as binary ‘any use’ versus ‘no use’ variables
in each of the three study periods (baseline, 1 year and
2 years after) for each employee and their dependents
between 19 and 63 years of age with pre-diabetes and
diabetes. The individual-level measures were then aggre-
gated up to construct employer group mean values. The
primary outcomes of interest were these employer-level
mean rates of ER and hospital utilization. Annual utiliza-
tion for each follow-up period (1 year and 2 years after)
was calculated independently of other years.

Statistical analyses

Inverse probability weighting (IPW) was used to control
for differences between employer groups who purchased
the DHP and those who purchased standard plans on
several variables hypothesized to be predictive of ER and
inpatient hospital utilization. IPW allows for control of
confounders when randomization is not possible and
can be used to emulate hypothetical randomized trials
of interest using observational data.** * This method
involves calculating the conditional probability, or
propensity, of being in the treatment group (in this case
the probability that an employer group purchased the
DHP) given a set of covariates.”*

We included two categories of employer-level variables
in the propensity model. The first category of variables
included in this study was employer-level means and
proportions from all employees and covered dependents
routinely collected by UHC including: (1) mean level
of education; (2) mean income; (3) the proportion of
employees with one or more chronic medical conditions;
(4) proportion of employees with diabetes or pre-diabetes
at baseline; (5) proportion of employees enrolled in
high-deductible health plans; (6) a proprietary esti-
mate of future medical cost risk from the perspective of
UHG; (7) the proportion of employees within different
demographic groups as identified by UHC (% White, %
Hispanic, % African American, % Asian, % Other race);
and (8) location of the employer group by geographic
region. The second category of variables was constructed
for the purpose of this study using employer-level means
and proportions from employees and covered depen-
dents between 19 and 63 years of age with diabetes and
pre-diabetes and included: (1) mean age; (2) proportion
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of female employees; and (3) proportion of employees
with any ER or inpatient hospital utilization in the prepe-
riod (ie, baseline measure of utilization).

The resulting inverse probability weights (IPWs) were
then used to estimate the average treatment effects on the
treated (ATET) for ER and hospital utilization measures
without DHP exposure. The ATET reflects the adjusted
difference among DHP employers in the mean rates of
any utilization (ER or inpatient hospital) associated with
purchase of the DHP compared with mean rates of utili-
zation if those employers had not purchased the DHP,
as derived via model adjustment incorporating control
employer data. All analyses were conducted using STATA
V.13, with IPW and ATET simultaneously estimated using
the “TEFFECTS’ command.

RESULTS

Our analytical sample included nine employer groups
that purchased the DHP and 183 control employer
groups that purchased standard plans. Data from 74058
eligible employees and covered dependents with diabetes
and pre-diabetes, of which 9.3% (n=7004) belonged to
employer groups that purchased the DHP and 90.7%
(n=67054) belonged to control groups that purchased

standard plans, were aggregated to the employer level.
IPWs were used to weight treatment and control groups
so they were balanced on all baseline measures. Tests
of inverse probability-weighted disparity between DHP
and control employer groups showed no significant
differences between groups on any variables measured
at baseline, including the baseline measures of utiliza-
tion, indicating that the groups were balanced. Data
from 74058 eligible employees and covered dependents
with diabetes and pre-diabetes, of which 9.3% (n=7004)
belonged to employer groups that purchased the DHP
and 90.7% (n=67054) belonged to control groups
that purchased standard plans, were aggregated to the
employer level (table 2).

There was no evidence of any differences in weighted
mean rates of ER and hospital utilization at 1 and 2
years after. However, tests of ATET estimates indicated a
significant difference in mean rates of any ER utilization
at 1 and 2 years after DHP purchase. Employer groups
that purchased the DHP were predicted to have a mean
rate of any ER utilization that was 2.4 percentage points
lower than would have been predicted in the absence
of DHP purchase at year 1 (18.9% vs 16.5%, p=0.012,
table 3).

Table 2 Baseline characteristics of DHP and control employer groups

Employer-level characteristic

DHP employers (n=9)

Control employers (n=183) P value

Employer demographics
Mean employee age (SD)
Proportion female (SD)
Mean employee salary (SD)
Mean number of employees (SD)
Proportion of employees with diabetes or pre-diabetes (SD)
Race/ethnicity distribution

Mean % White (SD)

Mean % Black American (SD)

Mean % Asian (SD)

Mean % Latin/Hispanic (SD)

Mean % Other race (SD)
Region (%)

West

Southeast

Central Atlantic

New England
Proportion with high-deductible plan (SD)
Proportion with comorbidities (SD)
Baseline utilization, by employer
Proportion with any ER utilization in the preperiod (SD)

Proportion with any inpatient hospital utilization in the
preperiod (SD)

50.7 (3.4) 50.2 (0.6) 0.658
41.7 (8.7) 42.3 (1.8) 0.828
$64503 (5902) $64511 (5390) 0.997
10321 (9970) 10628 (5390) 0.937
3.3(1.6) 3.3(0.3) 0.913
61.0 (13.8) 59.9 (2.7) 0.808
9.2 (12.3) 9.6 (1.8) 0.923
2.2 (1.3) 2.2 (0.5) 0.905
17.7 (13.6) 18.4 (2.9) 0.884
3.4 (2.7) 2.5(0.3) 0.339
44 48

33 36

11 4

11 12

3.1 (5.0) 3.4 (2.6) 0.873
35.4 (4.2) 35.1 (1.3) 0.846
18.2 (3.8) 18.3 (0.9) 0.985
10.9 (3.3) 10.6 (0.5) 0.817

DHP, Diabetes Health Plan; ER, emergency room.
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Table 3 ER and inpatient hospital utilization at the employer level: absolute and relative difference in predicted utilization
without DHP exposure versus actual utilization with DHP exposure

Predicted Actual utilization
utilization without with DHP Absolute Relative
DHP exposure* exposure difference difference P value
ER utilization at 1 year post-DHP 18.9% 16.5% —2.4 percentage points 13% 0.012
reduction
ER utilization at 2 years post-DHP ~ 18.9% 17.1% —1.8 percentage points 10% 0.046
reduction
Inpatient hospital utilization at 1 year 10.3% 10.0% —0.3 percentage points 3% 0.737
post-DHP reduction
Inpatient hospital utilization at 2 10.9% 10.7% —0.2 percentage points 2% 0.803
years post-DHP reduction

*Adjusted for the following employer-level variables in a propensity model: mean employee age, % female, race/ethnicity (% White, %
Hispanic, % African American, % Asian, % Other race), % with diabetes or pre-diabetes, mean income, UnitedHealthcare (UHC) estimated
medical cost risk score, geographic region, number of employees, % of employees with a high-deductible health plan, overall generosity of

benefit, % with chronic comorbidities, baseline utilization measure.
DHP, Diabetes Health Plan; ER, emergency room.

This 2.4 percentage point absolute reduction repre-
sented a 13% relative reduction in adjusted mean rates
of any ER utilization associated with an employer group
purchase of the DHP compared with predicted rates
had they not purchased the DHP. At year 2, there was a
1.8 percentage point absolute reduction representing a
10% relative reduction in adjusted mean rates of any ER
utilization (18.9% vs 17.1%, p=0.046, table 3). However,
we found no evidence of any significant reduction in
predicted inpatient hospital utilization at 1 and 2 years
post-DHP associated with DHP purchase.

DISCUSSION

Our results show that the purchase of DHP was associ-
ated with a 13% relative reduction in the mean rates of
ER utilization by lyear after DHP purchase and 10%
relative reduction by 2years postDHP compared with
the expected ER use without the purchase of the DHP.
We did not find any significant association between an
employer group purchase of the DHP and adjusted rates
of inpatient hospital utilization among the same popu-
lation. These findings suggest that benefit designs that
decrease out-of-pocket costs for office visits, medications,
and disease support programs may play an important
role in decreasing the cost for more resource-intensive
services such as ER utilization for persons with diabetes
and pre-diabetes.

Our findings are likely to be of interest to key stake-
holders, including employers who make decisions
about whether to invest in purchasing health plans with
innovative benefit designs in the real world, but also
policymakers, public insurance programs and patients
themselves. Our findings suggest that if widespread
access to a disease-specific health plan, such as the DHP,
was available for patients with diabetes and pre-diabetes,
ER utilization may be significantly reduced over a rela-
tively short time frame.

Diabetes-related care already accounts for approx-
imately 1 in every 5 healthcare dollars in the USA."
Studies have demonstrated that patients with diabetes
are more likely to use emergency medical services, to be
admitted to the hospital after an ER visit, to have longer
lengths of hospital stay, and to experience multiple hospi-
talizations in a given year.** Each of these utilization
measures represents a potential opportunity to improve
quality and reduce costs of diabetes care. The findings
from this natural experiment allude to the potential for
significant impact in these current gaps.

The mechanism by which an employer’s DHP purchase
may lead to reductions in ER utilization is not yet clear.
We previously found increased diabetes-related medica-
tion adherence among employees and covered depen-
dents with diabetes in employer groups purchasing the
DHP as compared with standard benefit plans.” Since
increased medication adherence has been shown to be
associated with lower rates of complications and fewer
ER visits among patients with diabetes, this would be one
possible explanation.”” Deciphering if one DHP design
feature is primarily associated with lowering ER utiliza-
tion was outside the scope of this study, but will be the
focus of future work.

Though our hypothesis regarding inpatient hospital
utilization was not supported, we are not surprised to find
a lack of association between DHP purchase and inpa-
tient hospital use. The leading causes of hospitalization
of patients with diabetes are chronic conditions, such as
congestive heart failure and coronary atherosclerosis,
that take years to develop.”® Exceptions may be pneu-
monia and septicemia, but a 3-year study interval with a
2-year post implementation interval is probably not long
enough to anticipate any impact on hospital utilization,
if one does in fact exist. Long-term studies are needed
to assess DHP impact on hospital utilization, as well as
long-term health outcomes for patients with diabetes and

BMJ Open Diab Res Care 2021;9:e001802. doi:10.1136/bmjdrc-2020-001802
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pre-diabetes. These are critical and unanswered ques-
tions we will focus on as additional years of follow-up
become available.

This intent-to-treat, employerlevel design provides
insight on the potential impact of the DHP at a popu-
lation level, keeping limitations of the real-world setting
in mind. Natural quasi-experiments like ours provide
a unique opportunity to generate knowledge where it
did not previously exist but there are limitations, such
as unmeasured selection effects and possible cointerven-
tions at the employer level. Our employer groups were
balanced on all measures at baseline, and our study
design effectively compares changes in outcomes over
time (as opposed to comparing outcomes at a single point
in time). However, there may still be unmeasured differ-
ences that impact the time trajectories of our outcomes
of interest and therefore bias the quasi-experimental
comparison. Additionally, our study focused on any ER or
inpatient utilization, as opposed to diabetes-related use.
Claims data usually do not include important process
measures of diabetes care, such as glucose or blood
pressure control, which remain outside the scope of our
analysis. Lastly, our analysis was focused on stably commer-
cially insured adults 19-63 years of age, which limits the
generalizability of findings to working-age patients with
diabetes and pre-diabetes. However, this segment of the
population is responsible for a significant portion of
pre-diabetes and diabetes cases. Of the 1.9 million new
diagnoses of diabetes in the USA in 2010, almost 80%,
or 1.5 million, occurred in adults between the ages of 20
and 64 years.” Adults aged 18-64 years also account for
56% of all diabetes-related ER visits.>” Thus, our findings,
although limited to stably commercially insured adults
between the ages of 18 and 63, are applicable to a large
subpopulation of people with diabetes or pre-diabetes.

In conclusion, purchase of the DHP was associated with
a 13% relative reduction in adjusted mean rates of ER
utilization at year 1 and 10% at year 2 but no change in
hospital use among working-age adults with diabetes and
pre-diabetes. Our findings indicate that health insurance
benefit designs that lower out-of-pocket costs for office
visits, medications and chronic disease management
programs may play an important role in decreasing the
cost for more resource-intensive services such as ER utili-
zation for persons with diabetes and pre-diabetes.
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