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Abstract

Objective: Using observational clinical data from our local operational health information exchange, we
evaluated different methods for measuring adherence to Oral Antihyperglycemic Agents (OHA) in patients with Type
2 diabetes. The primary objective is to compare different OHA adherence measures based on their associations with
glycated hemoglobin A1c (HbA1c) levels. The secondary objective is to examine the relationship between patient
demographic and clinical characteristics and HbA1c level.

Methods: An observational sample of 831 Medicaid patients with Type 2 diabetes who had HbA1c test results
recorded between January 1, 2001 and December 31, 2005 was identified in the Indiana Network of Patient Care
(INPC). OHA adherence was measured by medication possession ratio (MPR), proportion of days covered (PDC),
and the number of gaps (GAP) for 3, 6, and 12-month intervals prior to the HbA1c test date. The associations
between these nine OHA adherence measures and HbA1c levels were examined and compared using mixed effects
generalized linear models. Patient age, gender, race, duration of OHA treatment, number of concurrent OHAs, and
OHA class were used to control the possible confounders in the analyses.

Results: All three OHA adherence definitions showed consistent and significant association with HbA1c control.
Unadjusted coefficients ranged -0.98 to -1.07 for PDC, -0.90 to -0.92 for MPR, and 0.25 to 0.19 for GAP. The 6-month
PDC showed the strongest association with HbA1c levels in both unadjusted (-1.07, p<0.0001) and adjusted (-1.12,
p<0.0001) models.

Conclusion: Better OHA adherence is significantly associated with lower HbA1c level in Medicaid patients
with Type 2 diabetes. The 6-month PDC is more highly correlated with the outcome than other OHA adherence

measurements.

Keywords: Adherence measures; Oral hypoglycemic agents;
Glycemic control; Type 2 diabetes; Claim database; Medicaid; Health
information exchange

What is Already Known about this Subject?

* Medication adherence can be objectively estimated by
medication possession ratio (MPR), proportion of days covered
(PDC), and gap (GAP).

e Different time frames (3-month, 6-month, or 12-month) are
commonly used to measure adherence.

* Adherence to Oral hypoglycemic Agents (OHA) is correlated
with glycemic control in patients with Type 2 diabetes.

What this Study Adds?

* This study documents the strength of association between
HbAlc levels and nine OHA adherences using three different
adherence definitions (PDC, MPR, and GAP) across three time
intervals (3, 6, and 12 months) by utilizing longitudinal real-
world data from an operational Health Information Exchange.

* The 6-month PDC is most highly correlated with the HbAlc
levels. Among patient factors, age, African-Americans
ethnicity, number of concurrent OHA medications, and
Sulfonylurea treatment were all significantly correlated with
HbA1lc level.

Background

Medication non-adherence is a major problem in health care,
especially among patients with chronic conditions like diabetes, which

has estimated non-adherence rates between 36%- and 87% [1]. Non-
adherence to prescribed oral antihyperglycemic agents (OHA) can
cause serious consequences to diabetic patients, with higher rates
of micro- and macro-vascular complications, increased emergency
medical events and a higher mortality rate [2]. In addition, the costs of
poor medication adherence for all conditions are estimated at hundreds
of billions of US dollars per year [3]. Despite the known consequences,
one study reported that the medication adherence rate for patients with
diabetes has not improved for over 30 years [4].

Although an effective adherence intervention may have a greater
effect on population health than many other medical treatment
improvements [5], information about patients’ adherence is usually not
available to health care professionals. Patient self-reported medication
adherence is sometimes used to estimate patient medication taking
behavior, but they are subject to recall bias and do not correlate well
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with other methods of assessing adherence [6,7]. While successful
interventions have combined convenient care, information, reminders,
self-monitoring, and counseling [8], studies also suggest that
developing a data-driven approach to better measure adherence and
initiating interventions in clinical practice can potentially improve both
adherence and clinical outcomes [9], An accurate assessment of OHA
adherence and understanding its association with glycated hemoglobin
A1C (HbA1lc level), which is one of the objective measures of glycemic
control for diabetic patients, is the first step towards improving OHA
adherence.

The definition of adherence varies, and there is no consensus on
the best method of measurement. The medication possession ratio
(MPR) reflects the patient’s overall accordance with the prescribed
dosing regimen and disregards the timeliness of particular refills. On
the other hand, both the proportion of days covered (PDC) and the
gap (GAP) focus on duration or continuation of prescribed treatment,
and they both take the timeliness of each refill into account [10]. In
addition, different time frames are used to measure adherence; the
most frequently used is 12-months [11]. However, some studies
showed significant improvement in health outcomes if patients have
good medication adherence in 3-month or 6-month intervals. In order
to identify the most helpful feedback to physicians, the adherence
measures that are best correlated with the HbAlc level, PDC, MPR,
and GAP across different intervals should be analyzed and compared.

Previous studies have demonstrated the significant association
between OHA adherence and HbA1c level in clinical trials or specific
diabetes management programs [12-14]. However, the subjects of
these studies were followed for short periods of time or they were
informed that their medication use was being monitored. The extent to
which these design features affect the validity of study findings remains
unclear. As a result, conclusions drawn from these studies provide
somewhat limited insight into the long-term effectiveness of drugs in
real-world populations and settings.

In order to identify the measure of patient adherence best suited
for providing feedback to physicians, we undertook a study using data
from a population-based health information exchange (HIE). We
calculated OHA adherence using three different measures (PDC, MPR,
and GAP) across three time intervals (3, 6, and 12 months) utilizing
longitudinal HIE data. We also analyzed and compared the effects of
these objective adherence measurements and patient factors on HbAlc
level based on laboratory test results from our local, operational HIE.

Methods

Data sources and settings

We extracted patient information from Indiana Medicaid data
which contained demographic (race, gender and age), diagnosis,
and treatment information over time. The OHA prescription claims
records include refill dates, days of supply, dose, and frequency. HbAlc
test results were retrieved from the Indiana Network of Patient Care
(INPC). The INPC is an operational regional clinical informatics
network that has served Indianapolis for more than fifteen years (and
now includes more than 90 Indiana hospitals and more than 22,000
physicians among its members). This system delivers medical record
information from hospitals, laboratories, imaging centers, pharmacies,
and physician offices, including registration records, laboratory tests,
radiology reports, diagnosis and administrative data [15]. The claims-
based medication dispensing data was linked to the INPC laboratory
data by medical record number. The medical record number is
assigned to patients once they visit any facility in the INPC institutions,

such as hospitals, laboratories, and clinics. This study was approved
by the Institutional Review Board of Indiana University and the INPC
Management Committee.

Eligibility criteria
The study sample was limited to patients with Medicaid coverage
who were prescribed an OHA and who had HbAlc data in the INPC.

Inclusion criteria were established as follows for the study period
January 1, 2001 through December 31, 2005:

1: 18-64 years old in Indiana Medicaid data during the study period.
2: Have at least one International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD_9_CM) code for Type 2
diabetes (250.X0 or 250.X2) in Medicaid claims for either inpatient or
outpatient encounters.

3: Have at least one First Databank Standard Therapeutic Code
(STC: 71) for OHAs: Biguanides, Sulfonylurea (SU), Thiazolidinedione
(TZD) and other OHAs (Meglitinides and a-glucosidase) in Medicaid
medication claims.

4: Does not take fixed-combination OHA regimens.
5: Does not take insulin (STC: 0177).

6: Have a medical record number in the INPC from one of the
major hospital systems in Central Indiana.

7: Have at least one HbAlc test result from the INPC during the
study period.

8: Have at least one OHA prescription prior to HbAlc test date.
Measurements

The independent variable, medication adherence, was measured by
calculating PDC, MPR, and GAP. PDC is defined as the total number
of medication-covered days divided by the number of days in a certain
time period. PDC can be calculated if a subject has even one fill and
has been used increasingly to measure patient medication adherence
for quality assurance [16]. MPR is commonly calculated as the total
number of days supplied by all refills divided by the number of days
between the first and last refill, and it usually requires at least two refills
date to be calculated [17] Both PDC and MPR range from 0 to 1. GAP
assesses any lapse in medication therapy. GAP is measured in days with
various lengths where 30 days is considered significant enough to cause
suboptimal clinical outcomes [16]. Both MPR and GAP need at least
two refill dates to be calculated.

The dependent variable was the patient HbAlc level based on the
INPC laboratory test results. To dynamically and accurately reflect the
effect of OHA adherence on HbA1c level, we defined the HbA1lc test
date as the index date, and then traced back the patient medication
adherence prior to this index date. For each patient, MPR, PDC, and
GAP were calculated for 3-month, 6-month, and 12-month intervals
prior to each HbAlc test date. For patients who were taking multiple
OHAs, the average adherence was counted to reflect the overall
medication taking behavior.

In order to control for possible confounders which may influence
patient HbAlc levels, [18,19] we analyzed age, gender, race, duration of
OHA treatment,and number of concurrent OHAs. The prescribed OHA
drug classes included Biguanides, Sulfonylurea, Thiazolidinedione,
other OHAs, and multiple classes.
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Statistical analysis

Levels of patients’ medication adherence were assessed through
three different metrics: PDC, MPR, and GAP, measured over 3, 6,
and 12-month intervals. Average HbAlc values were calculated
and reported. We examined the associations between HbAlc level
and various adherence metrics using mixed effect generalized linear
regression models. Random subject effects were used in these models
to accommodate the potential association among observations
contributed by the same study subjects. All analyses were implemented
using SAS 9.1 (SAS Institute, Gary, North Carolina). p values less than
0.05 were considered significant.

Results

Demographic and clinical characteristics

A total of 831 subjects met all inclusion and exclusion criteria.
Patient characteristics are outlined in Table 1. The average entry age
of study subjects was 48 years. Female subjects accounted for 68.7%
of the sample. The average HbAlc level of the study population was
7.60% (95% CI: 7.58%-7.71%). The average duration of OHA treatment
was 2.09 years. The average number of HbA1c¢ tests was 3.5 per patient.
The majority of the study sample (61.0%) was taking one medication:
27.0% were prescribed Biguanides, 25.8 % SUs, 3.0% TZDs and 5.3%
other drugs. More than one OHA was being taken by 39.0% of patients;

Number of Subjects HbA1c (%)

(Percentage)
(n=831) Mean (95% ClI)

Demographics
Age (year)
18-30 71 (8.54%) 7.98 (7.64-8.31)
31-40 150 (18.05%) 7.87 (7.66-8.07)
41-50 295 (35.49%) 7.62 (7.52-7.73)
51-64 314 (37.78%) 7.53 (7.44-7.63)
Gender
Female 570 (68.69%) 7.66 (7.57-7.73)
Male 261 (31.31%) 7.62 (7.51-7.73)
Race
African-American 371 (44.64%) 7.88 (7.79-7.98)
Hispanic 7 (0.80%) 7.78 (6.90-8.63)
Asian 4 (0.48%) 6.55 (6.20-6.90)
Other 11 (1.30%) 6.98 (6.45-7.50)
White 438 (52.70%) 7.42 (7.33-7.51)
Diabetes Severity
Duration of OHA Treatment (Year)
0-3 514 (61.85%) 7.60 (7.51-7.69)
3-6 241 (29.00%) 7.61 (7.49-7.72)
6-9 76 (9.15%) 7.97 (7.77-8.17)
Number of concurrent OHAs
1 507 (61.01%) 7.29 (7.18-7.41)
2 253 (30.44%) 7.87 (7.75-7.99)
>=3 71 (8.55%) 7.98 (7.75-8.22)
OHA Classes
Biguanides Only 224 (26.96%) 7.54 (7.42-7.67)
Sulfonylurea Only 214 (25.75%) 7.80 (7.69-7.97)
Thiazolidinedione 25 (3.00%) 7.66 (7.45-7.87)
Only
Other 44 (5.29%) 6.81 (6.08-7.53)

Table 1: Summary of selected characteristics of subjects and their hemoglobin
Alc.
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Adherence 3-months 6-months 12-months
Mean (95 Cl) Freq Mean (95CI) Freq Mean (95Cl) Freq
PDC 0.60 (0.59-0.61) 2,795 0.51 (0.49-0.52) 2,838 0.39 (0.38-0.41) 2,934
MPR 0.85(0.84-0.86) 1,721 0.82 (0.81-0.83) 2,117 |0.79 (0.78-0.80) 2,336
GAP 0.13(0.12-0.14) 1,721 /0.18 (0.16-0.20) 2,117 |0.25 (0.24-0.28) 2,336

PDC: Proportion of Days Covered; MPR: Medication Possession Ratio

Freq =Frequency

PDC and MPR ranged from 0 to 1, and GAP ranged from 0 to 5

Table 2: Patient adherence measures mean value and the 95% confidence interval
across three time intervals.

Adherence 3-months 6-months 12-months
Unadjusted estimate

PDC -098  (-1.20,-0.76) | -1.07  (-1.28,-0.87) -1.01 (-1.21,-0.81)
MPR -0.51  (-0.94,007)1 092 (-1.29,-0.56) -0.90  (-1.20,-0.59)
GAP - - 025 (0.12,0.38)  0.19 (0.11,0.29)
Adjusted estimate

PDC -089  (-1.12,-067) | -112  (-1.35,-091) -1.20 (-1.42,-0.96)
MPR -029  (-0.72,0.14)t | -068  (-1.06,-0.32) -0.87  (-1.19,-0.55)
GAP 0.19 (-0.002,0.39)t 0.05 (-0.10,0.20)t 0.05 (-0.06,0.17)t

PDC: Proportion of Days Covered; MPR: Medication Possession Ratio

-- data did not converge

1 p-value is greater than 0.05. p-value for any other unadjusted coefficients is
smaller than 0.05

Table 3: Unadjusted and adjusted coefficients and 95% confident intervals
between OHA adherence and HbA1c control.

such patients had a slightly lower HbAlc level than patients who were
treated by SU only.

OHA adherence, other covariates, and their association with
hbalc control

From January 1, 2001 to December 31, 2005, a total of 1,721 to
2,934 observations of OHA adherence and HbAlc results were
formed for 831 subjects. Table 2 summarizes frequency and average
value of adherence (PDC, MPR and GAP) at time intervals of 3, 6,
and 12-months. The average adherence ranged from 39% to 85%. In
unadjusted analyses, all three OHA adherence measurements for 6 or
12 months showed consistent and significant associations with HbAlc
control. In adjusted analyses, PDC and MPR measured for 6 or 12
months were significantly correlated with HbAlc. The 6-month PDC
showed the greatest association with HbAlc control in both unadjusted
and adjusted analyses (Table 3).

We additionally estimated the effects of patient characteristics and
treatment status on HbAlc levels. Among patient factors, increased
age was correlated with better HbAlc control (p<0.0001). African-
Americans had a higher average HbAlc level as compared with Whites
(p<0.0001). The associations between number of medications and
HbAlc level were about 0.41 (p<0.0001). Compared with patients
treated with multiple OHA classes, patients treated with SU had
slightly higher HbA1c levels (p<0.0001). Gender and duration of OHA
treatment had no effect on HbAlc level.

Discussion

We have two main findings from this study. First, increased
PDC and MPR are strongly correlated with lower HbAlc level while
increased GAP relates to higher HbA1c level. Second, across different
adherence measures and different time frames, 6-month PDC is more
correlated with HbAlc level than other measures in both unadjusted
and adjusted models.
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The primary goal for this study is to analyze and compare
associations between measurements of OHA adherence and HbAlc
level among patients with Type 2 diabetes using real-world clinical
data. In most cases (except in the 3-month models), PDC and MPR
produced significant negative coefficients with HbAlc level, meaning
that increased PDC or MPR is related to decreased HbAlc level. On
the other hand, GAP produced positive coeflicients, which means
that increased GAP is associated with increased HbAlc level. The
coefficients in the unadjusted model indicated that a 10% increase in
PDC/MPR is related to a 0.09-0.10% reduction in HbAlc. In contrast,
an increase in GAP of one is correlated with a 0.19-0.25% increase in
HbAIc level. The adjusted model demonstrated similar results except
that GAP is not significantly correlated with HbA1c These findings are
consistent with results from previous studies that OHA adherence was
independently associated with HbAlc control: HbAlc decreases 0.10%
to 0.16% for each 10% increment in OHA adherence [20].

All three measures of adherence, PDC, MPR, and GAP, were
significantly correlated with HbAlc control but in different degrees.
PDC had the biggest coeflicient values in both adjusted and unadjusted
models which indicated that PDC was most correlated with HbAlc
level (Tables 3 and 4). These results are consistent with how PDC, MPR
and GAP are calculated. MPR is calculated by adding the days’ supply
for all medications and then dividing over a certain period of time [17].
It assumes that all drugs eventually get used within the time period,
which may overestimate the actual adherence if patients refill their
medication before the last date of the preceding prescription. In contrast
to MPR, PDC looks at each day to determine if the patient has one or
more dispensed drugs and then determines the proportion of days that
a patient has a drug available in a study interval [16]. Theoretically,
PDC more accurately reflects patient adherence behavior, and it more
effectively handles drug switching and prescription overlaps. GAP
is simply measured by calculating the number of medication lapses

Predictors PDC MPR GAP
Intercept 7.30 +0.44t1t 7.08 +0.58tt 7.13  +£0.211t
6-Month Adherence -1.12 +0.10tt -0.68 +0.18tt 0.26  +0.06 tt
Age* -0.09 +0.03tt -0.11 +0.041t -0.16 +0.04tt
Gender

Female 0.10 |+ 0.6 0.16 +0.7 0.15 0.7
Male - -- --

Race

African-American 0.28 +0.061t 0.24 +0.07tt 0.30 +0.06tt
Hispanic -0.10 £0.30 -0.34 +0.32 -0.26 +0.30
Asian -0.45 +0.69 -0.11 +0.71 -0.36 +£0.70
Other -0.30 +0.35 -0.36 +0.36 -0.38 +0.36
White - -- --

Duration of OHA Treatment 0.20 +0.10t 0.24 +0.11 -0.08 |+0.13
Number of Medications 0.38 +0.04tt 0.41 +0.05tt 0.42 + 0.051t
OHA Class

Biguanides Only 1.04 +035 |0.86 +0.53 |0.77 +0.36
Sulfonylurea Only 146 +0.35t |1.23 +0.531 1.18 +0.361
Thiazolidinedione Only 0.94 +0.36 0.67 +0.53 0.71 +0.37
Other -0.03 +048 -0.37 +0.62 -0.34 +0.48

Multiple Classes -- - -

PDC: Proportion of Days Covered; MPR: Medication Possession Ratio
Age* units in 10 years

1 p-value is greater than 0.0001 and smaller than 0.05

11 p-value is smaller than 0.0001

-- =reference

Table 4: Adjusted coefficients between adherence and HbA1c level at 6-month
interval.

greater than 30 days, [16] and it can be used as a reference to confirm
the pattern of PDC or MPR (Figure 1).

This study also compared OHA adherence with HbAlc control
across three time intervals. In the unadjusted model, significance
disappeared for both MPR and GAP in the 3-month interval. Further
investigation showed that 11% of refills were prescribed with a 90-day
supply, resulting in insufficient information to calculate the MPR and
GAP since they both would need at least two refill dates during the
3-month interval. The coefficients were close for PDC, MPR, and GAP
across the 6-month and 12-month intervals. However, from a clinical
perspective, the 6-month interval can provide patient adherence
information in a more timely fashion. In summary, the 6-month PDC
most accurately reflects OHA adherence and is the measure most
closely associated with HbAlc level for patients with Type 2 diabetes
in our study.

It is well-known that race is one predictor of suboptimal HbAlc
control [20]. In our study, compared with Whites, African-Americans
had a significantly higher HbAlc level (by 0.28-0.30%, p<0.0001).
Sociodemographic, behavioral, genetic, or biological factors may
independently or partially affect HbAlc level [21-23] Our study also
found that increased age is related to better HbAlc control, which is
generally consistent with the notion that young patients are less likely
to benefit from OHA therapy [24]. We additionally observed positive
associations between number of concurrent OHAs and HbAIc levels.
Patients were prescribed one additional OHA when their HbAlc
level increased by 0.4%. A plausible explanation might be that patient
may have been prescribed additional OHAs because they were not
responding to one [25].

The main findings from this study provided evidence and
knowledge to establish intervention in medication adherence to
improve health outcomes for patients with Type 2 diabetes. Challenges
of medication adherence in diabetes are at patient, medication and
provider levels, and a multi-dimensional approach is required to
establish eflicient interventions. Health information technology
(HIT) and health information exchange (HIE) offer great potential to
establish such a system. First, objective and data-driven approaches
can be programmatically established through an HIE. These objective
adherence measures enable accurate assessment of patient medication
taking behaviors, which is the essential for physicians to estimate the
effectiveness of treatment. This study provides specific information on
which to base a choice for which adherence measures to use in clinical
practice. Second, a clinical decision support system may deliver patient
adherence information and generate relevant recommendations in
routine clinical practice. In addition, a well-established HIE/HIT
supports patient-centric and team-based care that better engaged
patients, providers and health care systems for improving medication
adherence.

Limitations

Certain limitations should be recognized. First, the study
population was Indiana Medicaid members younger than 65, with
relatively low socioeconomic status and with at least one HbAlc
laboratory result in the INPC which covers the central Indiana
region most closely. Therefore, the findings from this study may lack
generalizability to all patients with Type 2 diabetes, including those
who had no HbAlc results recorded in the INPC. Second, dispensing
claim-based measures may not be equivalent to measures of the actual
ingestion of medication. Nevertheless, filling a prescription is usually
consistent with taking medication [26].It also should be noted that it is
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MPR = (30 + 60 + 30 + 30)/180= 83% *
PDC = (30 +60 - 15 +30 +30)/180 = 75% **
GAP =1 (one 32 day lapse > 30 days) **

PDC: Proportion of Days Covered; MPR: Medication Possession Ratio

*MPR calculation was based on the reference 17
**PDC and GAP calculation were based on the reference 16

Figure 1: An example of calculating MPR, PDC and GAP.

possible we did not capture dispensing information about free samples
or free medications offered by providers or pharmacies. Third, the
average HbAlc levels of this study population were elevated (>7.0%)
even though the average OHA treatment duration was 2.09 years.
Provider inertia may be playing a role in inadequate glycemic control
apart from patient adherence. However, we lack the necessary data to
further analyze if providers have failed to adequately intensify OHAs,
or to initiate insulin or HbAlc tests [27]. Similarly, the comparisons
of different OHA adherence measures mainly rely on their effects
on HbAlc levels, and we did not study pharmacodynamics/kinetics
contributions, which may also affect patient HbAlc levels. Fourth,
we excluded patients using insulin. However, insulin is commonly
administered to patients with Type 2 diabetes whose HbAlc is poorly
controlled. One study suggested that insulin use may affect adherence
rates to oral medications [28]. Whether there is a significant association
between insulin use and OHA adherence is an area for further study.

Conclusion

By evaluating real-world clinical data from the INPC and Medicaid
claims data, this study confirmed the strong association between OHA
adherence measured by PDC/MPR and HbAc level among Medicaid
patients with Type 2 diabetes. The 6-month PDC is the best measure
of OHA adherence in this population. This study also suggested that
linking HIE laboratory data with claims data is a helpful approach for
comparing medication adherence and clinical phenomena.
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