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ARTICLE HIGHLIGHTS

• Medication adherence among American Indian adults who use tribal health care systems and receive medica-
tions at no cost has not previously been examined.

• Electronic health record and pharmacy refill data from 2017 and 2018 were extracted for 4,560 tribal citizens with
type 2 diabetes (T2D).

• HbA1c was >9% for 32% of participants (2017). Adherence to oral glucose-lowering medication classes (propor-
tion of days covered [PDC] $0.80) was 62–83%.

• PDC medication adherence was higher compared with that in previous studies using self-report measures in pa-
tients with T2D; however, 32% in 2017 and 42% in 2018 had HbA1c at or below target compared with 50% of
U.S. adults with T2D.
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OBJECTIVE

To examine HbA1c levels and adherence to oral glucose-lowering medications and
their association with future HbA1c levels among American Indian adults with type 2
diabetes (T2D) receiving medications at no cost from a tribal health care system.

RESEARCH DESIGN AND METHODS

Tribal citizens with T2D who used Choctaw Nation Health Services Authority
(CNHSA) and Pharmacies and had HbA1c data during 2017–2018 were included in
this study. Medication adherence (proportion of days covered [PDC] ‡0.80) was
calculated using 2017 CNHSA electronic health record data.

RESULTS

Of the 74,000 tribal citizens living on tribal lands, 4,560 were eligible; 32% had
HbA1c at or below target (£7%), 36% were above target (>7 to £9%), and 32%
were uncontrolled (>9%) in 2017. The percentage of patients with PDC ‡0.80 was
66% for those using biguanides, 72% for sulfonylureas, 75% for dipeptidyl pepti-
dase 4 inhibitors, and 83% for sodium–glucose cotransporter 2 inhibitors. The
proportion of patients with HbA1c at or below target increased slightly from 32%
in 2017 to 42% in 2018. Higher average PDC in 2017 was associated with lower
HbA1c levels in 2018 (b =21.143; P < 0.001).

CONCLUSIONS

Medication adherence was higher than that found in previous studies using self-
report methods in American Indian populations, although a smaller proportion
of patients had HbA1c at or below target relative to U.S. adults with T2D. Medica-
tion adherence was associated with improved HbA1c levels for most oral glucose-
lowering medication classes. Future studies of American Indians should use both
longitudinal prescription data fromboth electronic health records and pharmacy refills.

Type 2 diabetes (T2D) disproportionately affects American Indian (AI) individuals
(1,2); however, little is known about medication adherence or hemoglobin A1c
(HbA1c) levels in this population. AI individuals are >2.5 times as likely to have T2D
(1,2) and have poorer glycemic control (higher HbA1c values) compared with their
White counterparts, putting them at increased risk of developing diabetes-related
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complications (3,4). Few studies have ad-
dressed medication adherence in the AI
population; none have used a large sam-
ple size to examine medication adherence
among those who use the Indian Health
Service (IHS) or tribal health care systems
and receive medications at no cost (5,6).
Here, we examine HbA1c levels, adherence
to oral glucose-lowering medications, and
glycemic control in AI adults with T2D us-
ing tribal health services.

Adherence to glucose-loweringmedica-
tions can substantially improve HbA1c and
decrease mortality (7–9). Although initial
approaches to improving HbA1c are fre-
quently nonpharmacological, such as life-
style changes, these approaches often do
not suffice as the disease progresses, and
glucose-lowering medications are com-
monly required long term to improve
HbA1c. Cost has been cited as a common
cause of medication nonadherence (10–12).
Authors of a multiyear investigation of the
National Health Interview Survey found that
15% of patients with diabetes reported cost-
related nonadherence (12). However, the
degree of adherence to glucose-lowering
medications is virtually unknown among AI
patients who primarily receive care and
medications at no cost from IHS/tribal
facilities.

We identified only four studies of AI
adults with T2D that focused on medica-
tion adherence. In one study (N = 166) us-
ing a self-reported adherence scale (scores
ranged from 0 to 4, with higher scores
indicating higher adherence), 72% of
participants reported low to moderate
medication adherence (score #3) (13).
Being female was associated with higher
levels of diabetes distress and depressive
symptoms and lower medication adher-
ence (13). In two separate studies with
small samples (N = 40 and N = 16), a ma-
jority of participants had extremely low
levels of self-reported medication adher-
ence (score #1 of 4) (14,15). In a large
cohort study within nine U.S. commercial
integrated delivery systems (N = 5,831;
<2% AI participants), AI patients in
non-IHS/tribal health care settings had
significantly lower diabetes medication ad-
herence compared with their non-Hispanic
White counterparts (16). Although these
findings are important, they may not be
generalizable to AI patients who use IHS/
tribal health care and do not pay for
medications.

To improve understanding related to
adherence to medications among AI

patients with T2D, we extracted elec-
tronic health record (EHR) data to examine
HbA1c levels, adherence to oral glucose-
lowering medications, and their association
with future HbA1c levels among AI adults
with T2D who receive medication at no
cost from a tribal health care system.

RESEARCH DESIGN AND METHODS

Design
We conducted a descriptive association
study of EHR data from 2017 and 2018
that included visit-level data for HbA1c
levels and dispensed glucose-lowering
medications. The University of Florida
and Choctaw Nation Institutional Re-
view Boards approved this study.

Choctaw Nation is a federally recog-
nized tribe located in rural southeastern
Oklahoma. There are >223,000 tribal citi-
zens throughout the U.S., making Choctaw
Nation the third-largest federally recog-
nized AI tribe (17). Choctaw Nation Tribal
Health Services Authority (CNHSA) is a
tribal health system that partners with IHS
to deliver health care services to >74,000
Choctaw citizens and their families who
predominately live in southeastern Okla-
homa, Arkansas, and Texas (A. Randolph,
personal communication, 1 March 2022).
IHS is an agency of the Department of
Health and Human Services that provides
health care services to >2 million AI and
Alaska Native patients from 574 federally
recognized tribes in 37 states (18). CNHSA
provides citizens with a wide range of
health care services, including primary
care, specialists (e.g., endocrinologists),
diagnostic services, mental health serv-
ices, surgical services, labor and deliv-
ery, nutritional services, and diabetes
wellness programs.

Sample
Tribal citizens enrolled in any federally
recognized tribe were included in the
sample if they had a T2D ICD-10 diagnosis
code in the EHR, were age $18 years,
had used CNHSA Health Services and
Pharmacies, were dispensed glucose-
lowering medications (other than insulin)
by CNHSA Pharmacies, and had HbA1c
measures recorded during 2017, the year
we were provided access to the data via
an executed data use agreement. Individ-
uals diagnosed with end-stage renal
disease were excluded because of the
frequent medication and dosage changes
that are often required. Individuals

prescribed insulin were also excluded be-
cause of the need for frequent dosage
adjustments.

Data Extraction
From the Choctaw Nation EHR database,
Choctaw Nation program staff members
extracted pharmacy prescription refill data
for medications, applicable diagnosis co-
des, demographic data, and laboratory
data for 2017 and 2018. Raw deidentified
EHR data were securely transferred
electronically for storage on a pass-
word-protected file server at the Uni-
versity of Florida. Access was given only
to authorized members of the research
team.

HbA1c Measure
The HbA1c target was defined as #7%
based on the American Diabetes Associ-
ation guidelines (19); above target was
defined as >7 to #9% and uncontrolled
as >9%. For our analysis, we used the
first HbA1c measure in each study year
(2017 and 2018). HbA1c levels labeled
as too low (<4.5%) or too high (>14%)
to be measured accurately were recorded
as values of 4.5 or 14%, respectively. This
affected a very small percentage (0.5%
in 2017 and 0.4% in 2018) of HbA1c
measures.

Medication Adherence Measure
To examine the percentage of medi-
cation adherence, we focused on pa-
tients with medication refills in 2017
for seven different glucose-lowering medi-
cation classes: biguanides, dipeptidyl pep-
tidase 4 (DPP-4) inhibitors, sulfonylureas,
a-glucosidase inhibitors, sodium–glucose
cotransporter 2 (SGLT2) inhibitors, thiazo-
lidinediones (TZDs), and meglitinides. We
estimated medication adherence by cal-
culating a prescription refill-based propor-
tion of days covered (PDC). An acceptable
adherence threshold to medication was
defined as PDC $0.80. The Pharmacy
Quality Alliance offers this claims-based
adherencemeasure (20) and recommends
that insulin be excluded from medication
adherence PDC calculations because insu-
lin requires titration and frequent dosage
adjustments, and despite directions to dis-
card insulin vials after 30 days, many
patients continue to use the insulin be-
yond 30 days. We did not have access
to complete prescription data, such as
when a physician may have discontinued
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a medication or when medications were
not used during hospitalization. Therefore,
for the denominator, we used the window
from the first dispensing date in 2017 to
when the last refill in 2017 was scheduled
to run out or the end of 2017, whichever
date was earlier. For the numerator, we
used the days a medication was supplied
to a patient in 2017. We calculated PDC
for each medication class separately. For
patients who had been dispensed multi-
ple glucose-lowering medications in the
same class, a day was considered covered
if at least one of the medications was
available. Medication adherence was op-
erationalized as a continuous measure of
PDC for the year with a range of 0–1.

Statistical Analysis
The data were imported into R
(r-project.org) for analysis. Demographic
and clinical variables were summarized us-
ing descriptive statistics, including mean,
SD, percentile, frequency, percentage, and
Pearson correlation. Within-subject year-
to-year HbA1c comparison was performed
using the paired t test. Comparison be-
tween patients towhomamedication class
was dispensed and those to whom it was
not was performed using an independent
t test. Regression analysis was used to ex-
amine the association between 2017 PDC
and 2018 HbA1c of patients, adjusting for
their 2017 HbA1c. Statistical significance
was set at a two-sided a of 0.05.

RESULTS

Of the 74,000 tribal citizens who use
CNHSA health care services, 7,264 pa-
tients, representing�10% of tribal citizens,
had a T2D ICD-10 diagnosis code in 2017.
Of these, 87 (1.2%) were excluded for hav-
ing end-stage renal disease, and 1,199
(16.5%) were excluded because of a lack of
HbA1c data in 2017. Of the remaining
5,978 patients, 899 (15.0%) did not have a
prescription filled by CNHSA in 2017, and
519 (8.7%) had only insulin in 2017. After
applying exclusion criteria, there were
4,560 eligible tribal citizens whose EHR
data were available for this study (Supple-
mentary Fig. 1). This sample represents
63% of all the tribal citizenswith an EHR re-
cord of T2D in 2017. The sample (N =
4,560) lived in 317 communities; all pa-
tients had T2D and received health care
and pharmacy services at CNHSA. Most
patients were tribal citizens; however, im-
mediate non-Native family members (e.g.,

spouse or children age#19 years) of tribal
citizens are eligible to use some Choctaw
Nation Health Services; therefore, a small
portion (n = 15; 0.03%) of the sample is
non-Native. The mean age of the cohort
was 56.8 ± 13.0 years; 52% of the sample
was female; 99.7% was AI (Table 1).

HbA1c Levels
In 2017, patients had a mean HbA1c of
8.0 ± 1.9%, with a median of 7.5% and
first and third quartiles of 6.6 and 9.1%,
respectively. The percentages with below-
target, above-target, and uncontrolled
HbA1c measures were 32%, 36%, and
32%, respectively. In 2018, 11% of pa-
tients did not have an HbA1c measure.
In 2018, mean HbA1c was 7.8 ± 1.8%,
and the median and first and third quar-
tiles were 7.4, 6.5, and 8.7%, respectively.
The 2018 HbA1c levels were below target,
above target, and uncontrolled for 42, 37,
and 21%, respectively.

HbA1c measures for 2017 and 2018
were highly correlated (r = 0.60; P <
0.001). The difference between the 2 years
was statistically significant (P < 0.001). On
average, 2018 HbA1c levels were 0.20 ±
1.63% (95% CI 0.15, 0.25%) lower than
2017HbA1c levels.

Medication Adherence
Table 2 shows medications dispensed
and adherence (PDC) by medication class
in 2017. Of the seven glucose-lowering
medication classes, biguanides and sulfony-
lureas were the two most commonly dis-
pensed, at 85.5 and 40.8%, respectively,
and had similar PDC adherence levels
(mean 0.81 ± 0.17 for biguanides and 0.84
± 0.16 for sulfonylureas). Patients dispensed
SGLT2 inhibitors andmeglitinideswere very
likely to be adherent, with 83 and 81%
showing PDC percentage $0.8, respec-
tively, whereas only 66 and 72% of bigua-
nide and sulfonylurea users, respectively,

were adherent (PDC percentage$0.8). Ta-
ble 2 presents additional details regarding
individual medications dispensed and re-
lated PDC statistics.

HbA1c by Adherence
Table 3 shows findings for patients dis-
pensed a class of glucose-loweringmedica-
tion and their HbA1c (mean, SD, and
percentagemeeting the 7% target) in 2017
and 2018. Patients who were dispensed
medications in all classes except bigua-
nides, a-glucosidase inhibitors, and megli-
tinides had higher initial HbA1c in 2017
(P< 0.001 for all) than those to whom the
corresponding medications were not dis-
pensed. We also present the mean and
95% CI of year-to-year HbA1c change as
well as P values comparing the changes
among patients dispensed and not dis-
pensed medications from a class. Being
dispensed an SGLT2 inhibitor or TZD class
of medication was associated with im-
provement in HbA1c (P = 0.004 and 0.03,
respectively), whereas being dispensed
an a-glucosidase inhibitor was associated
with worsening of HbA1c (P = 0.01).

Multiple linear regression was used
to examine the association between
the 2017 PDC adherence and 2018 HbA1c
levels, adjusting for the 2017 HbA1c levels.
We examined both the PDC adherence
average across classes and class-specific
PDC adherence (Table 4). The higher aver-
age PDC in 2017 was associated with
lower HbA1c levels in 2018 (b = �1.143;
P < 0.001). For most classes (except
a-glucosidase inhibitors and meglitinides),
adherence was associated with improved
2018 HbA1c levels.

CONCLUSIONS

To our knowledge, we are the first to
use tribal EHR data to examine HbA1c
levels and medication adherence to glu-
cose-lowering medications in AI adults
with T2D. Using EHR dispensing data for
the 4,560 AI patients with T2D who
received Choctaw Nation of Oklahoma
(CNO) tribal health care, we found higher
adherence to oral glucose-lowering medi-
cations than seen in previous studies with
self-report measures in the AI population
(13–16). Although glycemic control im-
proved from 2017 to 2018, it was lower
than glycemic control typically reported
in individuals with T2D, despite higher
rates of medication adherence (21). We
found an association between medication

Table 1—Patient demographic data
(N = 4,560)

Characteristic n (%)

Mean age (SD), years 56.8 ± 13.0

Sex

Male 2,184 (47.9)
Female 2,376 (52.1)

Race/ethnicity

AI 4,545 (99.7)
Other 15 (0.3)
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adherence (PDC) and improved glycemic
control, which is consistent with prior re-
search (22). Regarding classes of glycemic
control medications, we also identified
two classes (SGLT2 inhibitors and TZDs),
the dispensing of which was associated
with lower future HbA1c, and one (a-glu-
cosidase inhibitor) associated with higher
future HbA1c. Finally, average adherence to
glycemic control medications in 2017 was

associatedwith improved 2018HbA1c levels
for most medication classes, except a-glu-
cosidase inhibitors and meglitinides. This
may be due to the smaller sample sizes of
these two classes (1.6 and 0.4% of total glu-
cose-lowering medications dispensed, re-
spectively). If not a result of small sample
size, this effect reinforces current diabetes
management guidelines (also relevant for
the time frame being studied) in which

these medication classes are not preferred
as first-line options because of more effica-
cious available options.

Medication Adherence
Our findings, using PDC, noted higher
medication adherence than that reported
in prior studies of AI individuals, which
revealed low to moderate medication
adherence using the patient self-reported

Table 2—Percentage of patients dispensed each medication class and adherence statistics for PDC with medication
dispensed in 2018

Patients to whom
medication dispensed, %

PDC adherence statistics in 2018

Mean ± SD Range Median (25, 75%) $0.8, %

Medication class
Biguanides 85.8 0.81 ± 0.17 0.17–1 0.88 (0.73, 0.95) 66
DPP-4 inhibitors 14.8 0.86 ± 0.15 0.20–1 0.91 (0.80, 0.97) 75
Sulfonylureas 40.8 0.84 ± 0.16 0.16–1 0.90 (0.78, 0.95) 72
a-Glucosidase inhibitors 1.6 0.82 ± 0.19 0.20–1 0.87 (0.73, 1) 62
SGLT2 inhibitors 4.3 0.89 ± 0.13 0.33–1 0.93 (0.84, 0.98) 83
TZDs 13.8 0.86 ± 0.16 0.20–1 0.92 (0.81, 0.97) 76
Meglitinides 0.4 0.89 ± 0.12 0.60–1 0.94 (0.84, 0.97) 81

Medication

Metformin 85.8 0.81 ± 0.17 0.17–1 0.88 (0.73, 0.95) 66
Saxagliptin 14.7 0.86 ± 0.15 0.20–1 0.91 (0.80, 0.97) 75
Glipizide 26.6 0.84 ± 0.16 0.16–1 0.90 (0.79, 0.96) 73
Glyburide 4.0 0.85 ± 0.15 0.28–1 0.90 (0.79, 0.96) 75
Glimepiride 10.8 0.83 ± 0.16 0.27–1 0.89 (0.76, 0.95) 70
Acarbose 1.6 0.82 ± 0.19 0.20–1 0.87 (0.73, 1) 62
Canagliflozin 2.7 0.89 ± 0.12 0.50–1 0.94 (0.83, 0.99) 81
Empagliflozin 3.7 0.90 ± 0.11 0.49–1 0.94 (0.87, 0.99) 85
Pioglitazone 13.8 0.86 ± 0.16 0.20–1 0.92 (0.81, 0.97) 76
Repaglinide 0.4 0.89 ± 0.12 0.60–1 0.94 (0.84, 0.97) 81

Table 3—Change in HbA1c between first measurement in 2017 and first measurement in 2018 for patients dispensed and not
dispensed medication class

Class Dispensed

HbA1c

P*

Mean ± SD, %, meeting target

Change (95% CI)2017 2018

Biguanides No 8.2 ± 1.9, 34 8.0 ± 1.8, 36 �0.12 (�0.26, 0.01) 0.22
Yes 8.0 ± 1.9, 39 7.8 ± 1.8, 43 �0.21 (�0.27, �0.16)

DPP-4 inhibitors No 8.0 ± 1.9, 41 7.7 ± 1.8, 45 �0.21 (�0.26, �0.15) 0.46

Yes 8.4 ± 1.7, 24 8.2 ± 1.7, 27 �0.15 (�0.29, �0.02)

Sulfonylureas No 7.8 ± 1.9, 47 7.6 ± 1.8, 50 �0.17 (�0.23, �0.10) 0.12

Yes 8.4 ± 1.8, 26 8.1 ± 1.7, 31 �0.25 (�0.33, �0.17)

a-Glucosidase inhibitors No 8.0 ± 1.9, 39 7.8 ± 1.8, 42 �0.21 (�0.26, �0.16) 0.01

Yes 8.1 ± 2.0, 36 8.3 ± 1.9, 28 0.21 (�0.11, 0.54)

SGLT2 No 8.0 ± 1.9, 40 7.8 ± 1.8, 43 �0.18 (�0.23, �0.13) 0.004

Yes 9.1 ± 1.8, 9 8.6 ± 1.7, 17 �0.56 (�0.81, �0.31)

TZDs No 7.9 ± 1.9, 41 7.7 ± 1.7, 44 �0.17 (�0.23, �0.12) 0.03

Yes 8.7 ± 2.0, 22 8.4 ± 1.9, 27 �0.36 (�0.53, �0.20)

Meglitinides No 8.0 ± 1.9, 39 7.8 ± 1.8, 42 �0.20 (�0.25, �0.15) 0.91

Yes 8.3 ± 1.6, 12 8.2 ± 1.7, 25 �0.17 (�0.63, 0.28)

*P values obtained using t tests comparing the year-to-year change of HbA1c of patients dispensed and those not dispensed a class of
medication.
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four-item Morisky Medication Adherence
self-report scale (13–15). Findings from
studies with prescription claims–based
methods for measuring adherence can
lead to different results compared with
those using patient self-report measures
(23). Self-reported adherence measures
are prone to bias (24) but are widely
adopted, likely because of ease of use
(25). PDC has been recognized by the
Pharmacy Quality Alliance as the pre-
ferred claims-based adherence measure
(20). However, there is no gold-standard
measure, and using more than one ad-
herence measure is often recommended
(26). Although there is not an established
gold standard, there is a need for further
research using adherence measures to
improve our understanding of adherence
to glucose-lowering medications in AI
populations. It is also important to point
out we did not have access to the dura-
tion of T2D diagnosis. We know that
variations in the duration of T2D may
negatively affect medication adherence
as well as the responsiveness to oral glu-
cose-lowering treatment. However, we
did control for 2017 HbA1c as a proxy for
disease severity.
Adherence to medication in our study

was also higher than that previously re-
ported in other studies using the PDC
threshold of $80%. Most studies using
a threshold of 80% reported between
40 and 56% of patients as adherent
(27–29). A distinguishing feature in our
study was that cost was removed as a
potential barrier to medication adher-
ence, which may explain the elevated
rates of medication adherence. To our
knowledge, no previous studies have ex-
amined medication adherence rates in

AI populations living on tribal lands and
receiving medications at no cost.

Medications with the lowest percentage
of patients meeting the medication adher-
ence target (PDC >80%) were metformin
(66%) and acarbose (62%); however, met-
formin was more commonly dispensed
(85.8%) compared with acarbose (1.6%). A
plausible explanation for reducedadherence
for both medications may include potential
adverse effects, such as gastrointestinal
symptoms (30). Both medications may also
be less convenient for patients than many
other oral glucose medication classes be-
cause they are required to be taken with
food and are typically prescribed to be taken
more than once daily (31).

Although the 1-year PDC data may
not be representative of longitudinal
trends, if adherence is high, it may reflect
the CNHSA removal of an important bar-
rier (i.e., cost), because CNHSA patients do
not have a copay for medications. Our
study, however, did not include complete
prescription data, such aswhen a physician
may have discontinued a medication, or
medication dispensing data during hospi-
talization, which is important for accurate
adherence data. Future studies should fo-
cus on examining prescription and phar-
macy refill data longitudinally.

HbA1c Levels
Despite high adherence rates, the patients’
mean HbA1c level for our study was 8%,
which is above the recommended target
of #7% (19). Thirty-two percent of pa-
tients met the recommended HbA1c target
in 2017 compared with 50% of adults with
diabetes in the U.S., as published in the
National Diabetes Statistics Report 2020
(1). It has been noted, however, that
the accepted adherence threshold (PDC

>80%) may be insufficient for predicting
HbA1c #7% (32). In a recently published
study, authors proposed that a threshold
of >90% may be better for predicting gly-
cemic control (HbA1c #7%) (32).

Another reason for suboptimal HbA1c
levels in the presence of good medica-
tion adherence rates may be therapeutic
inertia (i.e., the failure to initiate or inten-
sify glucose-lowering therapy in a timely
manner) (33). Delays in oral glucose-
lowering treatment intensification
>4 months from elevated glycemic tar-
gets have been reported to range from 28
to 73% and can lead to elevated HbA1c
levels (34). In this study, we know only
that patients receiving a glucose-lowering
medication but do not know the dose or
interval. Future studies should examine
prescription data to better understand if
therapeutic inertia is a factor in elevated
HbA1c levels.

Strengths and Limitations
This is an innovative study with a large
sample size that examines medication
adherence and HbA1c levels in a popula-
tion using tribal health care services
and receiving medications at no cost to
them.We also used a claims-based, vali-
dated, quasi-objective method to calcu-
late medication adherence.

This study is not without limitations.
Pharmacy refill data were used to calcu-
late medication adherence (PDC), but we
did not have access to EHR data describ-
ing when a medication may have been
discontinued, paused, or switched to an-
other agent, all of which would have im-
proved the accuracy of the measure of
medication adherence. Additionally, we
did not have data on hospital medication
dispensing or on whether patients were
actually taking their medications, only
that the medications were dispensed.
It should also be pointed out that al-
though citizens mainly fill their prescrip-
tions within CNHSA, there are occasions
when it is necessary to fill prescriptions
outside CNHSA. For example, the provider
may order a medication that is not avail-
able from the CNHSA pharmacy or the
patient may have traveled outside the
CNHSA service area. The study was lim-
ited to 1 year of pharmacy refill data
(2017); however, we plan to conduct a
multiyear longitudinal analysis that will
more accurately represent medication ad-
herence and HbA1c indicator levels in the

Table 4—Associations between 2017 adherence and 2018 HbA1c levels, adjusting
for 2017 HbA1c levels

PDC Estimate SE t P

Average across classes �1.143 0.144 �7.947 <0.001

Biguanides �1.071 0.141 �7.604 <0.001

DPP-4 inhibitors �1.328 0.388 �3.419 0.001

Sulfonylureas �1.277 0.230 �5.558 <0.001

a-Glucosidase inhibitors 0.545 0.830 0.656 0.51

SGLT2 inhibitors �3.166 0.802 �3.947 <0.001

TZDs �1.434 0.472 �3.036 0.003

Meglitinides �1.918 1.955 �0.981 0.34
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CNO population. It will also help confirm,
clarify, and enhance the findings of this
study. Insulin was not included in the anal-
ysis, potentially excluding patients with
more advanced T2D. Currently, there is no
reliable standardized method for assessing
adherence to insulin using prescription EHR
data (35). Additionally, patients who were
taking multiple glucose-lowering medica-
tions in the same class only needed to be
covered by one medication each day in
the treatment period to be considered ad-
herent. Taking multiple glucose-lowering
medicationsmay be a factor related to ad-
herence and should be explored further in
future studies. Finally, we could not assess
adherence among the 27% of tribal citi-
zens with an EHR diagnostic code of T2D
who were excluded. Research is particu-
larly needed to understand the context of
T2D management for the 16.5% excluded
because of the lack of an HbA1c value in
2017, which limits our ability to generalize
findings to the entire population of those
with T2D.

In conclusion, this study provides in-
sight into medication adherence and
HbA1c levels among patients with T2D us-
ing CNO health care services at no cost.
Medication adherence findings from this
EHR-based study are higher than those
from several previous studies in the AI
population that used self-report methods.
There was an association between medi-
cation adherence in 2017 with improved
2018 HbA1c levels for all classes of oral
glucose-lowering medications except
a-glucosidase inhibitors and meglitinides.
Although the proportions of patients with
an HbA1c at or below target increased
slightly from 32% in 2017 to 42% in
2018, these proportions were smaller
compared with the 50% in 2020 for U.S.
adults with diabetes (1). Future studies
should include a multiyear longitudinal
analysis that uses both prescription data
from the EHR and pharmacy refill data to
calculate medication adherence. Future
studies should also further examine bar-
riers and facilitators that affect medica-
tion adherence from the patient ’s
perspective in AI individuals residing on
or near tribal lands and receiving IHS or
tribal health services.
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