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BACKGROUND: Reducing patient cost-sharing and en-
gaging patients in disease management activities have
been shown to increase uptake of evidence-based care.
OBJECTIVE: To evaluate the effect of employer purchase
of a disease-specific plan with reduced cost-sharing and
disease management (the Diabetes Health Plan/DHP) on
medication adherence among eligible employees and
dependents.
DESIGN: Employer-level “intent to treat” cohort study,
including data from eligible employees and their depen-
dents with diabetes, regardless of whether they were en-
rolled in the DHP.
SETTING:Employers that contractedwith a large nation-
al health plan administrator in 2009, 2010, and/or 2011.
PARTICIPANTS: Ten employers that purchased the DHP
and 191 employers that did not (controls). Inverse proba-
bility weighting (IPW) estimation was used to adjust for
inter-group differences.
INTERVENTION: The DHP includes free or low-cost med-
ications and physician visits. Enrollment strategies and
specific benefit designs are determined by the employer
and vary in practice. DHP participants are notified up
front that they must engage in their own health care
(e.g., receiving diabetes-related screening) in order to re-
main enrolled.
MAIN OUTCOME MEASURE: Mean employee adherence
to metformin, statins, and ACE/ARBs at the employer
level at one year post-DHP implementation, as measured
by the proportion of days covered (PDC).
RESULTS: Baseline adherence to the three medications
was similar across DHP and control employers, ranging
from 64 to 69 %. In the first year after DHP implementa-
tion, predicted employer-level adherence for metformin
(+4.9 percentage points, p=0.017), statins (+4.8, p=
0.019), and ACE/ARBs (+4.4, p=0.02) was higher with
DHP purchase.

LIMITATIONS: Non-randomized, observational study.
CONCLUSIONS: The Diabetes Health Plan, an innovative
health plan that combines reduced cost-sharing and dis-
easemanagement with an up-front requirement of enroll-
ee participation in his or her own health care, is associat-
ed with a modest improvement in medication adherence
at 12 months.
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T ype 2 diabetes is highly prevalent in the United States,
and leads to reduced functional status and disabling

complications for many patients. The total economic cost
of diabetes in 2012 has been estimated at $245 billion,
which is an increase of 41 % since 2007.1 This cost
includes $176 billion in direct medical care, as well as
$69 billion in decreased productivity such as absenteeism,
reduced work performance, and reduced labor force partic-
ipation.1 Importantly, greater adherence to diabetes-related
medications has been shown to decrease hospitalizations
and emergency department use and to reduce costs of
care.2–4 Given these issues, employers have a strong interest
in trying alternative approaches to providing medical care for
their employees with diabetes.
The Diabetes Health Plan (DHP) is an example of a

novel health benefit design that became available to
public and private employers in 2009. The DHP is the
first disease-specific health plan in the United States for
patients with diabetes and pre-diabetes, and offers fea-
tures such as reduced cost-sharing for medications and
office visits and free or low-cost resources for disease
management. The DHP was actuarially designed to pro-
vide an estimated annual out-of-pocket savings of
$150–$500 per participant.5

As some employers purchased the DHP, while other similar
employers did not, there is a unique opportunity to conduct a
rigorous evaluation of a real-world intervention. In the current
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study, we examined the impact of the DHP on adherence to
three evidence-based medications covered by the DHP (met-
formin, statins, ACE/ARBs) over 12 months. We also exam-
ined adherence to two unrelated medications that were not
covered by the DHP (thyroxine, montelukast) in order to test
whether our findings were related to the DHP. We chose to
conduct employer-level analyses in order to provide informa-
tion to guide the critical decision faced by employers in terms
of which health plans to offer to their employees. With the
employer as the unit of analysis, we predicted the average
medication adherence across all DHP-eligible employees and
dependents with diabetes whose employers had purchased the
DHP, regardless of whether these patients actually enrolled in
the plan.

METHODS

This study was conducted under the oversight of the Natural
Experiments in Translation for Diabetes (NEXT-D), a multi-
center research network supported by the Centers for Disease
Control and Prevention (CDC) and the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK).6 Key
elements of all NEXT-D studies include the stipulation that
health policies and interventions under evaluation are being
implemented “naturally,” without randomization, but that the
analyses use the strongest research design possible in order to
provide actionable evidence for private and public health
policy decision-makers. The NEXT-D network strongly en-
courages close collaboration with the organizations
implementing the programs under study in order to ensure
that the research questions are relevant and timely to real-
world issues. However, the academic investigators in NEXT-
D retain sole authority over the implementation of all analyses,
report writing, and publication-related decisions. For this man-
uscript, UnitedHealthcare coauthors provided administrative
claims data and helped interpret data analyses run by the
academic team. The current study was approved by the insti-
tutional review board of the University of California, Los
Angeles, as well as an executive review committee within
NEXT-D.

Setting

The DHP was developed by UnitedHealthcare with a standard
protocol and benefit design covering antiglycemic, antihyper-
tensive, and statin medications.5 Since 2009, a variety of
medium-sized and large employers, both public and private,
have purchased and implemented the DHP. These employers
have had the option of making changes to the enrollment
strategy. Some employers used an “opt-in” approach, while
others automatically enrolled all eligible participants (“opt-
out”). Rates of DHP uptake among eligible employees varied
widely, from a low of 8.3% for one opt-in program to a high of
85.5 % for one opt-out program, with an overall mean of
45.3 % and a median of 34.1 %.7

Employers were also able to modify the standard benefit
design in order to fit their specific needs, such that actual DHP
cost-sharing varies by employer. However, the majority of
DHP employers provide all covered medications at no cost
or provide Tier 1 (generic) medications for free and discount
the copayment on Tier 2 (formulary brand name) medications
by 50 %. Mean copayments for three commonly prescribed
medications (metformin [Glucophage], olmesartan [Benicar],
and rosuvastatin [Crestor]) in the pre-period and post-period
are shown in Table 1 for DHP and control employers. Most
DHP employers also reduced the copayments for visits to
primary care providers or endocrinologists. The DHP also
includes access to online or telephone wellness coaching. Of
note, eligible employees and dependents are notified up front
that DHP enrollees are expected to participate in their own
care with regular health risk assessments, diabetes-related
screenings and other preventive care such as age-appropriate
cancer screening. DHP enrollees who do not meet these pro-
cess guidelines, or “compliance criteria,” as set by each em-
ployer may be returned to their traditional health plan after one
year. Outcome-based criteria are never required in order to
maintain DHP enrollment.

Study Design/Participants

For the current analyses, we used a pre–post quasi-
experimental design at the employer level, with controls,
comparing employers that purchased the DHP with control
employers that did not. Although 19 employers had imple-
mented the DHP by January 1, 2011, we limited the analytic
sample to ten (Fig. 1), excluding those that did not have
available pharmacy claims (i.e., had external pharmacy con-
tracts, n=4), those without at least 1 year of baseline pre-DHP
data (n=2) and those with missing or incomplete beneficiary
enrollment data or claims (n=3). Of the more than 2,000
employers who purchased standard plans, 1,388 had available
pharmacy claims and were in similar industries and of sizes
similar to employers who had purchased the DHP. In order to
identify comparable control employers, 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 an estimated measure
of the overall generosity of benefits for each health plan.
Propensity score matching yielded 339 employers in the com-
mon support to serve as potential controls. Among these, only
233 had sufficient administrative and laboratory data to iden-
tify employees with diabetes. We then excluded employers
that had external pharmacy contracts (n=11), those in which >
90 % of members had high-deductible health plans (defined in
Publication 969 of the Internal Revenue Service,8 n=7), and
those in the Mid-Atlantic region (n=24), where no DHP plans
were located. This resulted in a final analytic sample of 191
control employers (Fig. 1). The DHP was implemented on a
rolling basis between 2009 and 2011. For DHP employers, we
defined a “pre-period” and "post-period" for data collection as
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the 12 months prior to and after DHP implementation, respec-
tively. For control employers, we defined the pre-period as
2010 and the post-period as 2011, to match the implementa-
tion date for employers who purchased the DHP.
In order to identify eligible patients with diabetes, we ap-

plied identical criteria to DHP and control employers. Em-
ployees or dependents were considered as having diabetes if
they had any of the following during the pre-period: 1) at least
one 250.xx ICD-9 diagnosis code from an inpatient, outpa-
tient, or emergency department claim; 2) laboratory values of a
hemoglobin A1c ≥ 6.5 %, a fasting plasma glucose ≥ 125 mg/
dl, or a 2-hour value on an oral glucose tolerance test of >
200 mg/dl; 3) one or more prescription fills for insulin, or 4)
one or more prescription fills for an antiglycemic medication
other than metformin. We limited the sample of eligible indi-
viduals to employees and dependents between the ages of 18
and 63 years on the first day of the pre-period in order to
exclude patients who aged into Medicare. We excluded Medi-
care patients who were less than 65 years of age during the
entire study window, and we excluded women who were
pregnant during the study window. We analyzed outcomes
from all eligible patients who were prevalent users as mea-
sured in the first quarter of the post-period, including patients
from DHP employers who were not actually enrolled in the
DHP.

Measurement/Variables

The primary outcome variables for these analyses were
employer-level adherence in the post-period for each of five
medications: metformin, statins, and ACE/ARBs (covered by
the DHP); and thyroxine and montelukast (medications for
conditions unrelated to diabetes and that are not covered by the
DHP, included as a “falsification test”).9 Adherence was cal-
culated as the mean proportion of days covered (PDC) over
the last 9 months of the post-period, accounting for medication
carry-forward from the first quarter. We did not control for fills
for multiple prescriptions within a drug class (e.g., prescrip-
tions for both an ACE and an ARB), although if two or more
prescriptions were filled on the same day, we included only the
prescription with the higher days’ supply in the adherence
calculation. Patients who filled a prescription for insulin at

Table 1 Mean Employer-Level Copayments for 30-Day Supplies of Metformin (Glucophage), Olmesartan (Benicar) and Rosuvastatin (Crestor)
for DHP-Eligible Employees and Dependents of Employers who Purchased the DHP (n=10) and Control Employers (n=201)

Medication Dosage DHP employers Control employers

Copayment in
pre-period

Copayment in
post-period

Copayment in
pre-period

Copayment in
post-period

Metformin 500 mg $7.00 $3.68 $6.26 $5.70
850 mg $5.79 $3.55 $5.89 $5.45

1,000 mg $7.37 $4.62 $6.57 $6.19
Olmesartan 5 mg $15.10 $10.00 $23.12 $22.93

20 mg $23.95 $14.82 $21.32 $21.80
40 mg $22.28 $15.09 $22.22 $22.67

Rosuvastatin 10 mg $22.66 $15.66 $21.87 $22.24
20 mg $21.52 $14.17 $21.28 $21.09
40 mg $20.71 $14.30 $21.36 $21.30

Fig. 1 Sample derivation for Diabetes Health Plan (DHP) employers
and control employers.
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any time during the post-period were excluded from the anal-
yses predicting adherence to metformin.

Statistical Analyses

Because of the possibility of selection bias at the employer
level, we used inverse probability weighting (IPW) to adjust
for differences between the two comparison groups. IPW
allows for better confounding adjustment in observational
studies.10, 11 First, pre-period data from eligible patients with
diabetes were aggregated at the employer level to define the
confounder variables used to estimate propensity scores. We
then estimated propensity scores for all 201 employers, specif-
ically including variables that we hypothesized might influence
whether a given employer would purchase the DHP (e.g.,
employer health care costs differ by region). We included the
following aggregate variables in a logistic model for the pro-
pensity score (i.e., variables were defined at the employer level
by summarizing all patient data measured during the pre-
period): race/ethnicity (percentage white, Hispanic, black,
Asian, or other race), average salary, geographic region, number
of employees, percentage of employees with an HDHP, per-
centage of employees with each of 15 comorbidities (hyperten-
sion, coronary artery disease, congestive heart failure, dementia,
schizophrenia, another mental health condition, osteoarthritis,
rheumatoid arthritis, non-skin cancer, chronic obstructive pul-
monary disease, atrial fibrillation, end-stage renal disease,
stroke, peripheral vascular disease, diabetes, or hyperlipidemia),
and an estimated measure of the overall generosity of benefits
for each health plan. We also included three additional aggre-
gate variables specific to patients with diabetes: mean age,

percentage whowere female, and baseline employer-level med-
ication adherence, defined as the average PDC in the last
9 months of the pre-period among eligible patients who were
prevalent users of the drug in the first quarter of the pre-period.
We then assigned each employer a “weight” or influence

that was inversely proportional to the probability of each
employer being in the treatment group in which they were
actually included. This approach, with the inverse propensity
scores as weights, was used to estimate the average treatment
effect of the treated (ATET). The ATET reflects the adjusted
difference among DHP employers in the mean rates of adher-
ence associated with purchase of the DHP compared to mean
rates of adherence if those employers had not purchased the
DHP. Analyses were conducted using SAS 9.3 and the
"teffects" command of Stata 13.

RESULTS

The analytic sample included 201 employers, of whom ten had
purchased the DHP and 191 had not. The employer groups
that had purchased the DHP included 3,152 employees or
covered dependents with diabetes, while those who had not
purchased the DHP included 30,542 employees or covered
dependents with diabetes. Unadjusted demographics were
similar across groups, although control employers had a higher
mean salary ($71,770 vs. $64,782, p=0.004) and a higher
mean percentage of Asian employees (3.9 % vs. 2.1 %, p=
0.002) compared to DHP employers (Table 2). Unadjusted
medication use and baseline medication adherence as mea-
sured by PDC were similar across groups. The inverse

Table 2 Unadjusted Baseline Characteristics of Diabetes Health Plan (DHP) and Control Employers (n=201)

Employer-level characteristic DHP employers (n=10) Control employers (n=191) P value

Employer demographics
Mean employee salary (SD) $64,782 (5,634) $71,770 (16,733) 0.004
Mean number of employees (SD) 9,505 (9,748) 8,021 (16,428) 0.778
Mean employee age (SD) 53.7 (6.4) 52.9 (4.9) 0.610
Mean % female (SD) 40.7 (7.0) 44.9 (8.6) 0.129
Mean % of employees with diabetes (SD) 5.4 (3.1) 4.3 (2.0) 0.308
Race/ethnicity distribution of employees

Mean % white (SD) 62.1 (13.4) 66.3 (11.9) 0.285
Mean % black (SD) 9.8 (11.8) 8.5 (7.2) 0.725
Mean % Asian (SD) 2.1 (1.3) 3.9 (5.4) 0.002
Mean % Latino (SD) 16.1 (13.8) 11.8 (9.8) 0.192
Mean % other Race (SD) 3.3 (2.6) 3.0 (1.4) 0.648

Medication use among employees with diabetes, by employer
Mean % taking metformin (SD) 34.8 (4.9) 32.8 (7.8) 0.443
Mean % taking a statin (SD) 37.1 (8.8) 35.2 (9.0) 0.516
Mean % taking an ACE or ARB (SD) 40.1 (7.6) 37.7 (8.7) 0.384
Mean % taking thyroxine (SD) 8.2 (2.8) 8.3 (3.2) 0.885
Mean % taking montelukast (SD) 1.7 (0.7) 1.9 (1.2) 0.603

Baseline medication adherence, by employer*
Mean metformin adherence in the pre-period (SD) 64.1 (7.81) 67.5 (7.5) 0.162
Mean statin adherence in the pre-period (SD) 69.4 (6.6) 69.4 (6.8) 0.999
Mean ACE/ARB adherence in the pre-period (SD) 67.8 (6.0) 67.0 (6.2) 0.700
Mean thyroxine adherence in the pre-period (SD) 74.3 (8.6) 77.8 (11.1) 0.334
Mean montelukast adherence in the pre-period (SD)† 62.6 (17.5) 63.2 (22.7) 0.932

*Baseline adherence was calculated as the mean proportion of days covered (PDC) over the last 9 months of the 12-month pre-period window,
accounting for medication carry-forward from the first quarter
†We found negligible use of montelukast within 20 of the control employers, and these employers were dropped from all analyses of adherence to
montelukast, leaving 171 controls
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probability weights for the ten DHP employers had a mean of
1. The inverse probability weights for the 191 control em-
ployers had a mean of 0.05 and a standard deviation of 0.07.
After weighting, there were no statistically significant differ-
ences in demographic characteristics between DHP and con-
trol employees who were taking one of the five medications
under study (Appendix 1).
In adjusted results (Table 3), the mean predicted adherence

rates for the entire employer were greater with DHP purchase
for metformin (+4.9 percentage points compared with no DHP
purchase), statins (+4.8), and ACE/ARBs (+4.4). Each of the
three comparisons was statistically significant. In contrast, we
did not observe a significant change in predicted adherence to
thyroxine or montelukast, medications that are not covered by
the DHP.

DISCUSSION

In summary, we observed an association between employers
offering the DHP and higher adherence to evidence-based
medications used in diabetes treatment, as compared with
employers not offering the DHP. This employer-level finding
applies to all eligible employees, regardless of whether they
were actually enrolled in the DHP. The lack of an observed
association for medications not covered by the DHP enhances
the internal validity of our results. Future studies of the DHP
will use similar quasi-experimental designs to evaluate other
important outcomes such as the use of wellness programs,
overall utilization, and health care costs of the plan.
While our results indicated an improvement in medication

adherence at 1 year post-implementation, the magnitude of
change was modest. However, similar improvements in ad-
herence in other settings have been significantly associated
with decreased utilization and reduced costs.2 The DHP “ben-
efits package” includes discounted copayments for evidence-
based medications, which is similar to value-based insurance
design, or VBID. Prior studies of VBID programs have shown
that adherence may continue to increase at years 2 and 3 post-
implementation.12, 13 Given the difficulties of communicating
DHP information to enrollees, and the subsequent lag in
employee engagement and participation, we expect that

follow-up studies may continue to show improvements in
medication adherence over time.
The RAND Workplace Wellness Study, published in 2013

after the DHP had been implemented, identifies effective im-
plementation strategies that may be useful in the “next genera-
tion” of the DHP and similar programs.14 These strategies,
which should help increase program uptake and engagement,
include 1) the use of effective and clear communication strate-
gies, 2) leadership engagement at all levels, including direct
supervisors in addition to top executives, and 3) active solicita-
tion of employee feedback, with the goal of continuous pro-
gram improvement. While employers are able to modify many
aspects of DHP implementation, ensuring the use of proven
strategies such as those in the RAND studymay result in amore
robust program effect that is consistent across employers.
Demonstration of return on investment (ROI) in metrics that

are highly relevant to employers will eventually be required if
programs such as the DHP are to continue and expand. Such an
analysis would compare the employer cost of a program with
the savings in healthcare costs due to program effects (e.g.,
increased adherence). Because the charge to employers for
administration of the DHP is proprietary, we are unable to
provide it in this paper. However, a recent meta-analysis of
other employer wellness programs reported an average annual
cost of $144 per employee.15 The literature on program-related
cost savings indicates that a 5 % increase in medication adher-
ence, as we observed in this study, results in a 1 % reduction in
spending on health care services for Medicare patients,16 and a
0.6 % reduction in hospitalizations and emergency department
visits within a commercially insured population with diabetes.2

A complete ROI analysis is beyond the scope of this paper,
but the ultimate benefit of the DHP will greatly depend on the
baseline health status of the employees with diabetes and their
health care utilization. Furthermore, additional studies that
broaden this area of study to examine the use of incentives for
leveraging patient engagement and to evaluate outcomes over a
time frame of multiple years, including outcomes such as
decreased absenteeism and a reduction in short-term disabili-
ty,17, 18, have the potential to demonstrate the ROI of such
programs in a way that resonates with the business community.
Our study has several limitations. First, we chose to conduct

an employer-level analysis in order tomitigate selection bias at

Table 3 Predicted Medication Adherence at the Employer Level, With and Without Exposure to the Diabetes Health Plan (DHP)

Predicted adherence
without DHP exposure

Predicted adherence
with DHP exposure

Absolute difference Relative
difference

P value

Metformin 63.1 % 67.2 % +4.1 percentage points (95 % CI: 0.7, 7.5) 6.5 % increase 0.017
Statin 66.5 % 71.4 % +4.9 percentage points (95 % CI: 1.1, 8.8) 7.4 % increase 0.012
ACE/ARBs 67.1 % 71.8 % +4.7 percentage points (95 % CI: 0.7, 8.6) 7.0 % increase 0.02
Thyroxine 70.9 % 74.0 % +3.1 percentage points (95 % CI: −3.7, 9.9) 4.4 % increase 0.37
Montelukast 71.4 % 67.4 % −4.0 percentage points (95 % CI: −17.1, 9.0) 5.6 % decrease 0.54

Adjusted for the following employer-level variables by IPW estimation: mean employee age, percentage female, race/ethnicity (percentage white,
Hispanic, black, Asian, or other race), average salary, geographic region, number of employees, percentage of employees with an HDHP, overall
generosity of benefits, percentage of employees with each of 15 comorbidities (hypertension, coronary artery disease, congestive heart failure, dementia,
schizophrenia, another mental health condition, osteoarthritis, rheumatoid arthritis, non-skin cancer, chronic obstructive pulmonary disease, atrial
fibrillation, end-stage renal disease, stroke, peripheral vascular disease, diabetes, or hyperlipidemia), and pre-period employer-level medication
adherence
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the patient level, but as a result we were not able to examine
the impact of the DHP on individual persons with diabetes
who actively participated in the plan. Our estimate of adher-
ence is likely conservative when compared with an estimate
limited to persons who took advantage of all DHP features.
Second, because we studied the heterogeneous implementa-
tion of a health plan as is common in real-world settings, we
were not able to elucidate whether employer-level variations
in intensity of DHP implementation were associated with
differences in predicted adherence. Third, propensity score
methods (such as IPW estimation) are unable to control for
unmeasured variables at the employer level, such as a “culture
of wellness” that may have influenced employer decisions
with regard to the DHP. Finally, we did not have information
on the details of disease management and wellness programs
among the control employers, and were therefore not able to
control for these variables in the study analyses. However, the
majority of published evidence, including a recent compre-
hensive review from the RAND Corporation, found that real-
world uptake of such programs is very low and that they are
not consistently linked to improvements in health or health
behaviors.19 We do not believe that the presence or absence of
such programswill significantly affect our primary outcome of
medication adherence.
Our findings add to the evidence of modestly improved

adherence linked to reductions in medication cost-sharing for
patients, by demonstrating that mean adherence across entire
patient populations is enhanced. Linking the incentive of
decreased cost-sharing to a requirement that enrollees demon-
strate engagement in their own health care, as implemented in
the Diabetes Health Plan, is an intriguing option for employers
and health plans to consider. The Affordable Care Act stipu-
lates that the Secretary of Health and Human Services develop
guidelines for VBID implementation, and additional studies
that evaluate different designs as implemented in practice,
such as the DHP, will help to inform these critical decisions.20
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