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ABSTRACT

BACKGROUND: Medication nonadherence is a prevalent public health issue, 
particularly among patients with diabetes mellitus (DM), and negatively 
affects health outcomes. Because of the prevalence of DM among U.S. 
veterans, it is crucial to understand how well these patients adhere to oral 
antidiabetic (OAD) medication and whether certain subgroups are more 
likely to be nonadherent. 

OBJECTIVE: To assess initial OAD medication use among veterans with 
uncomplicated DM and determine factors associated with adherence in the 
first 2 years of treatment.

METHODS: This was a retrospective cohort study using data from the 
Veterans Affairs (VA) Corporate Data Warehouse from 2002 through 2014. 
The first diagnosis for uncomplicated DM was determined, and then medi-
cation use was assessed following OAD initiation. OAD use was assessed 
by proportion of days covered (PDC) for the first 2 years of therapy using 
outpatient VA pharmacy records. Adherence was determined both continu-
ously and categorically, with a PDC of ≥ 80% used to indicate adherence. 
Logistic regression was used to determine if certain patient characteristics 
were associated with being adherent to OADs. 

RESULTS: A total of 148,544 veterans with uncomplicated DM were 
assessed, most of whom were white, aged ≥ 55 years, and initiated OAD 
therapy on metformin. A large portion resided in the southern part of 
the United States. In the first year, PDC averaged 79.2% (SD = 25.9), and 
63.2% were adherent to OAD therapy; however, these numbers declined 
in the second year, when the average PDC was 71.3% (SD = 35.8), and 
only 59.1% were adherent. Over the course of both years, PDC averaged 
75.3% (SD = 28.4), and 50.9% were adherent. The odds of being adherent 
were higher among older adults and significantly lower among veterans 
self-identifying as either African American (OR = 0.61; 95% CI = 0.59-0.63), 
Native American (OR = 0.67; 95% CI = 0.61-0.75), or Hawaiian/Pacific 
Islander (OR = 0.84; 95% CI = 0.76-0.92) when compared with whites. 
Veterans who were either divorced/separated (OR = 0.86; 95% CI = 0.83-
0.88) or never married (OR = 0.89; 95% CI = 0.86-0.93) also had lower 
odds of being initially adherent to OAD therapy compared with those who 
reported being married. Being nonadherent in year 1 was highly predictive 
of remaining nonadherent in year 2 (OR = 12.8; 95% CI = 12.23-12.94), with 
only 22.2% nonadherent in the first year (8.2% overall) becoming adherent 
in the second year of therapy. Across both years, all minorities were less 
likely to be adherent (compared with whites), and average adherence dif-
fered among all geographic regions of the country.

CONCLUSIONS: Within the first year of OAD therapy, medication adherence 
was suboptimal among veterans with DM, and second-year results indicate 
that adherence is likely to decline over time. Future studies should consider 
deeper regional and subgroup analysis to determine what contributes to 
variation in medication use in communities across the country. 
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RESEARCH

Medication nonadherence is a pervasive public health 
issue. Approximately 50% of all patients with chronic 
disease deviate from their prescribed treatment regi-

men, and such deviation can have dire consequences, includ-
ing hospitalization and premature death.1-3 Among patients 
with diabetes mellitus (DM), medication nonadherence is a 
particularly extensive issue. While some studies involving 
patients with DM have reported high adherence rates (up to 
98%), estimates may be as low as 31% and vary considerably 
depending on the metric.4-8 Importantly, reviews of these stud-
ies concluded that overall levels have not improved signifi-
cantly over time, suggesting the need for increased attention to 
improving this behavior.7

Numerous reasons for variation in medication use exist, the 
majority of which are generally categorized as either system, 
patient, treatment, condition, or social and economic factors.9 
Among factors tied to social influences, a growing number of 
studies have investigated whether variation in adherence can 
be tied to race or location of residence in the United States. 
Studies involving patients with DM have suggested that minor-
ities are more likely to have lower rates of medication use.10-20 
Moreover, some analyses have demonstrated worse health  

•	Medication adherence among patients with diabetes mellitus 
(DM) is generally suboptimal and contributes to poorer health 
outcomes in this patient population.

•	A variety of factors have been identified that may influence DM 
medication use at a given point in the therapeutic process. 

What is already known about this subject

•	This analysis used a nationwide database to identify patients from 
their first uncomplicated DM diagnosis and followed them once 
treatment was initiated, an approach that is relatively limited 
among claims-based analyses using U.S. patients.

•	Suboptimal antidiabetic medication use begins as early as the first 
year of therapy and declines significantly in the second year of 
treatment.

•	Significant differences in initial antidiabetic medication adher-
ence were observed across races and between veterans residing 
in different regions of the United States.

What this study adds
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diagnosis); been prescribed an oral antidiabetic drug (OAD) 
as their first-line therapy for the first time (i.e., no OAD fills in 
the year before the first DM diagnosis code); and had at least  
1 year of data before and 2 years of data after their initial OAD 
fill. Patients were excluded if they were insulin dependent or 
had been diagnosed with a DM-related microvascular compli-
cation (nephropathy, retinopathy, or neuropathy) before or in 
conjunction with their DM diagnosis (Appendix A, available in 
online article); with HIV at any point in their record; or with 
malignant cancer before their initial DM diagnosis. 

Identification of eligible patients started with determining 
the first DM diagnosis in outpatient and inpatient records over 
the study period. Determination of the initial diagnosis was 
made by identifying all encounters in which DM was listed as 
the primary or secondary diagnosis code, and then isolating 
the encounter before which no such codes were listed in a visit 
within the previous 365 days. The initial DM diagnosis was 
then confirmed by a second visit with DM listed in the pri-
mary or secondary position followed by the first OAD fill from 
a VA outpatient pharmacy. This initial OAD fill served as the 
index date, after which each patient was followed for 2 years 
(Appendix B, available in online article).

Patient Characteristics and Outcomes
Most patient characteristics used were sourced from VA elec-
tronic health records (EHR). These included race; ethnicity; 
age; gender; marital status; residential region (Northeast, 
South, Midwest, West); Veterans Integrated Service Network 
(VISN); and residential type (urban, rural, highly rural). 
Median income (by zip code) was sourced from the U.S. Census 
Bureau.30 A range of clinical measures and diagnoses were also 
available, including hemoglobin A1c (A1c; ± 90 days of both the 
initial OAD fill and 365 days later), existing conditions, prior 
events, weight, and height. Events and conditions recorded 
in the EHR were used to calculate the Charlson Comorbidity 
Index before DM diagnosis, and select incident microvascular 
complications and macrovascular events were determined from 
outpatient and inpatient records during the first year of treat-
ment.31 Outpatient VA pharmacy records were queried in the 
years following the first DM diagnosis to determine medication 
use from the first OAD fill through the subsequent 730 days. 

The main outcome was adherence to OADs in the first  
2 years following the initial fill from a VA outpatient pharmacy. 
Proportion of days covered (PDC) was used to determine 
adherence in each year and then over the entire 2-year obser-
vation period.32 To calculate PDC, we determined whether 
medication was on hand (coverage for at least 1 medication 
for those on multiple therapies) for each day of the observa-
tion periods (365 days [individual years] and 730 days [both 
years]), and the sum of those days constituted the numerator. 
The denominator was the number of days in the observation 
period that started with the date of the first OAD fill (day 1 

outcomes among minorities who are nonadherent to ther-
apy.12,21,22 Similarly, regions of the United States, such as por-
tions of the South, have been associated with significantly 
lower adherence among DM patients, suggesting potentially 
local influencers on medication use.23-25 While race and place of 
residence are only 2 factors that may influence adherence, they 
represent a cadre of social factors that can be potentially tied to 
suboptimal medication use and, ultimately, health outcomes. 

Challenging our ability to address disparities in adherence 
is identifying the point at which variation in medication use 
emerges. While numerous adherence studies have involved 
patients with DM, the majority have focused on established 
patients. These studies provide insight on those having disease 
for multiple years, but lack the ability to observe early influenc-
ers on medication use. 

Published results on patients initiating antidiabetic medica-
tions shortly after their initial diabetes diagnosis are limited, 
perhaps due to the challenge in collecting accurate longitudinal 
patient information from the actual initial diagnosis through 
multiple years of treatment. The limited number of studies 
investigating initial adherence to DM medications indicates that 
differences by patient characteristics, such as race and ethnic-
ity, are evident and that early nonadherence may increase the 
odds of hospitalization within the first years of therapy.18,19,26-28 
Such findings aid in targeting particular patients with DM who 
may be more likely to be nonadherent from the beginning of 
therapy, but a pressing need remains to better understand and 
address the social determinants of health among these patients. 

Consequently, using data able to identify the first DM 
diagnosis, this study focused on identifying factors related to 
nonadherence to OAD therapy and how patients’ adherence 
changed over the first 2 years of treatment, particularly the 
extent to which medication use varied by patient race and 
region of residence.

■■  Methods
Study Design and Data Source
This was a retrospective observational study using the Veterans 
Affairs (VA) Corporate Data Warehouse from 2002 through 
2014. These data included nationwide extracts from the VA 
Decision Support System National Data Extracts, Inpatient 
and Outpatient Medical SAS Datasets, and Vital Status Files.29 

This study was approved by institutional review boards at the 
University of Tennessee Health Science Center and Memphis 
VA Medical Center.

The analysis focuses on incident cases of uncomplicated 
DM among veterans diagnosed between January 1, 2003, 
and December 31, 2012. To be eligible, patients must have 
been aged ≥ 18 years, been diagnosed with DM (International 
Classification of Diseases, Ninth Revision, Clinical Modification 
[ICD-9-CD] codes 250.00 or 250.02) for the first time (i.e., 
no DM diagnostic codes in the year before the initial DM 
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[first year] or day 366 [second year]) and ran either 365 days 
(individual years) or 730 days (both years). Overlapping fills 
for the same medication were accounted for in the calculation 
code used, shifting the start date for that fill to the end of the 
previous fill’s supply. 

Only approved oral medications were included: biguanides, 
meglitinides, sulfonylureas, alpha-glucosidase inhibitors, thia-
zolidinediones (TZD), dipeptidyl peptidase-4 inhibitors, selec-
tive sodium-glucose transporter-2 inhibitors, and available 
combination products. A PDC of 80% dichotomized patients 
into adherent and nonadherent status, as this value has been 
validated in patients with DM as a threshold above which bet-
ter outcomes are more likely.33 Categories of adherence (PDC 
binned into 5 groups of equally spaced intervals of 20% bands) 
were also calculated for all time periods to track the trajectory 
of patients from year to year. 

Statistical Analyses
Characteristics of those adherent and nonadherent across years 
were assessed using t-tests and chi-square tests. Spearman 
rank correlation coefficient related adherence with continuous 
characteristics and clinical values. The odds of being adherent 
were determined by logistic regression, controlling for baseline 
patient characteristics, conditions, and clinical values. In the 
second year, first-year adherence status was added as a covari-
ate among the study population, and a separate model was run 
that only included those adherent in the first year to identify 
characteristics of becoming nonadherent in year 2. Stepwise, 
backward selection was used, and variables with a P value of 
< 0.10 remained in the model at each step. Regression analysis 
was limited to veterans in the final cohort who had complete 
demographic information, and steps were not taken to impute 
missing values. 

Characteristic

Full Study 
Cohort

Adherent  
(Year 1)

Nonadherent 
(Year 1)

n (%) n (%) n (%)

Regionb

South 	 66,635	 (45.1) 	 41,550	 (44.4) 	 25,085	 (46.1)
West 	 28,950	 (19.6) 	 17,896	 (19.1) 	 11,054	 (20.3)

Population densityb

Urban 	 89,451	 (60.5) 	 54,744	 (58.5) 	 34,707	 (63.8)
Rural 	 56,348	 (38.1) 	 37,367	 (39.9) 	 18,981	 (34.9)
Highly rural 	 2,182	 (1.5) 	 1,449	 (1.5) 	 733	 (1.3)

Initial oral medication
Metformin 	 99,148	 (66.8) 	 60,678	 (64.6) 	 38,470	 (70.4)
Sulfonylurea 	 44,446	 (29.9) 	 29,856	 (31.8) 	 14,590	 (26.7)
TZD 	 2,863	 (1.9) 	 2,204	 (2.3) 	 659	 (1.2)
Combination 	 1,616	 (1.1) 	 940	 (1.0) 	 676	 (1.2)
All othersc 	 471	 (0.3) 	 250	 (0.3) 	 221	 (0.4)

A1c, mean (SD)a 	 7.3	 (1.53) 	 7.4	 (1.6) 	 7.2	 (1.4)
Comorbiditiesd

Charlson Comorbidity 
Index, mean (SD)

	 0.4	 (0.63) 	 0.4	 (0.63) 	 0.4	 (0.62)

Cerebrovascular  
disease

	 8,576	 (5.8) 	 5,575	 (5.9) 	 3,001	 (5.5)

Previous myocardial 
infarction

	 6,396	 (4.3) 	 4,145	 (4.4) 	 2,251	 (4.1)

Congestive heart 
failure

	 6,315	 (4.3) 	 4,194	 (4.5) 	 2,121	 (3.9)

Chronic obstructive 
pulmonary disease

	 28,632	 (19.3) 	 18,313	 (19.5) 	 10,319	 (18.9)

Peripheral artery 
disease

	 6,650	 (4.5) 	 4,307	 (4.6) 	 2,343	 (4.3)

Characteristic

Full Study 
Cohort

Adherent  
(Year 1)

Nonadherent 
(Year 1)

n (%) n (%) n (%)

148,544 93,928 54,616
Age, years, mean (SD)a 	 62.2	 (10.98) 	 62.6	 (10.5) 	 61.5	 (11.7)

< 35 	 1,338	 (0.9) 	 531	 (0.6) 	 807	 (1.5)
35-44 	 7,631	 (5.1) 	 4,078	 (4.3) 	 3,553	 (6.5)
45-54 	 25,701	 (17.3) 	 15,197	 (16.2) 	 10,504	 (19.2)
55-64 	 60,583	 (40.8) 	 40,036	 (42.6) 	 20,547	 (37.6)
65-74 	 32,825	 (22.1) 	 21,296	 (22.7) 	 11,529	 (21.1)
75-84 	 17,992	 (12.1) 	 11,328	 (12.1) 	 6,664	 (12.2)
85+ 	 2,474	 (1.7) 	 1,462	 (1.6) 	 1,012	 (1.9)

Male 	 142,054	 (95.6) 	 90,212	 (96.0) 	 51,842	 (94.9)
Raceb

White 	104,369	 (78.4) 	 68,679	 (81.4) 	 35,690	 (73.3)
African American 	 24,216	 (18.2) 	 13,012	 (15.4) 	 11,204	 (23.0)
Asian 	 1,168	 (0.9) 	 700	 (0.8) 	 468	 (1.0)
Native American 	 1,480	 (1.1) 	 846	 (1.0) 	 634	 (1.3)
Hawaiian/Pacific 
Islander

	 1,841	 (1.4) 	 1,116	 (1.3) 	 725	 (1.5)

Marital statusb

Married 	 86,377	 (58.9) 	 55,714	 (60.0) 	 30,663	 (56.9)
Divorced/separated 	 37,455	 (25.5) 	 22,793	 (24.6) 	 14,662	 (27.2)
Single/never married 	 11,922	 (8.1) 	 7,119	 (7.7) 	 4,803	 (8.9)
Widowed 	 10,993	 (7.5) 	 7,185	 (7.7) 	 3,808	 (7.1)

Regionb

Northeast 	 18,311	 (12.4) 	 11,464	 (12.3) 	 6,847	 (12.6)
Midwest 	 33,974	 (23.0) 	 22,600	 (24.2) 	 11,374	 (20.9)

TABLE 1 Study Population Characteristics

aMeasured at/near treatment initiation.
bMissing values: Race = 15,470; Marital status = 1,797; Region = 674; Population density = 563.
cIncludes alpha-glucosidase inhibitors, meglitinides, DPP-4 inhibitors, SGLT-2 inhibitors.
dMeasured at diabetes diagnosis and not including the value applied to diabetes mellitus.
A1c = hemoglobin A1c; DPP-4 = dipeptidyl peptidase-4; SD = standard deviation; SGLT-2 = selective sodium-glucose transporter-2; TZD = thiazolidinediones.
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Following regression analysis, more specific geographic 
variation was assessed descriptively using geographic bound-
aries within each VISN—VA-specific regions that define the 
Veterans Health Administration organization across the coun-
try. For these purposes, VA sectors (subgroups of each VISN) 
were analyzed, allowing for assessment of patients within por-
tions of the country most likely to have similar medical practice 
models.34,35 To compare across sectors, standard deviations 
(SDs) of PDC for each sector from that of the national average 
PDC were mapped. SAS Enterprise Guide 7.1 (SAS Institute, 
Cary, NC) was used for all statistical analyses, and ArcGIS 
software package 10.4 (Esri, Redlands, CA) mapped medica-
tion use across the country.

■■  Results
Patient Demographics
A total of 148,544 patients had pharmacy data for the first  
2 years of OAD use and were included in the final analysis. The 
average age was 62.2 years (SD = 10.98), with the vast majority 
of patients (76.7%) aged at least 55 years at OAD initiation. 
Most patients self-identified as white (78.4%), male (95.6%), 
and married (58.9%), and a significant proportion resided 
in the southern part of the United States and in urban areas 
(Table 1). Few significant comorbidities were evident, although 
chronic obstructive pulmonary disease was particularly preva-
lent (19.3%). 

Note: Reference categories: male (gender), age < 35 years (age), white (race), married (marital status), Northeast (region), urban (population density), metformin (initial 
medication). AUC = 0.64.
aP < 0.05.
bOdds ratios resulted from adjusted logistic regression (N = 131,106) among study population without missing values.
A1c = hemoglobin A1c; AUC = area under the curve; CCI = Charlson Comorbidity Index; OAD = oral antidiabetic drug; TZD = thiazolidinediones.

FIGURE 1 Odds of Being Adherent to OAD Therapy in the First Year
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Initial Medication Use
Most patients initiated OAD therapy on metformin (66.8%), 
and 22.5% either switched therapies or added another medica-
tion during the first year. Adherence to OADs averaged 79.2% 
(SD = 25.9) in the first year, with 63.2% achieving a PDC ≥ 80%. 
Adherence was weakly correlated with several characteristics: 
age (P = 0.03, P<0.0001), A1c (P = 0.07, P < 0.0001), and body mass 
index (P = 0.04, P < 0.0001). Between medication classes, those 
who initiated on a TZD had the highest average PDC (86.7%, 
SD = 22.6) and largest proportion of adherent patients (76.1%). 

Controlling for patient characteristics and clinical val-
ues, we found several factors related to first-year adherence  

emerging (Figure 1). Compared with veterans aged < 35 years, all 
other age ranges were more likely to be adherent; those with higher 
baseline A1c levels were also more likely to be adherent (odds 
ratio [OR] = 1.12; 95% confidence interval [CI] = 1.113-1.131). 
With the exception of Asians, all other minorities were less likely 
to be adherent compared with whites; African Americans had the 
lowest adjusted odds (OR = 0.62; 95% CI = 0.605-0.645). Veterans 
indicating they were either single (OR = 0.93; 95% CI = 0.891-
0.974) or divorced/separated (OR = 0.87; 95% CI = 0.850-0.899) 
were less likely to be adherent compared with married counter-
parts. Compared with veterans in the Northeast region, veter-
ans residing in the Midwest had higher adjusted odds of being 

Characteristic

Adherencea

P Valuec

Adherentb

P Valued

First Year Second Year First Year Second Year

Mean (SD) Mean (SD) % %

Age, years
< 35 	 66.0	 (29.4) 	 51.0	 (39.1) < 0.0001 39.7 33.6 < 0.0001
35-44 	 74.3	 (27.4) 	 64.5	 (37.3) < 0.0001 53.4 48.8 < 0.0001
45-54 	 77.5	 (26.2) 	 68.9	 (35.9) < 0.0001 59.1 54.2 < 0.0001
55-64 	 81.1	 (24.7) 	 74.8	 (33.8) < 0.0001 66.1 62.9 < 0.0001
65-74 	 80.0	 (25.9) 	 71.8	 (36.2) < 0.0001 64.9 60.9 < 0.0001
75-84 	 78.1	 (27.1) 	 67.9	 (38.3) < 0.0001 63.0 57.0 < 0.0001
85+ 	 75.1	 (28.9) 	 62.7	 (40.5) < 0.0001 59.1 52.2 < 0.0001

Gender
Male 	 79.4	 (25.8) 	 71.6	 (35.7) < 0.0001 63.5 59.4 < 0.0001
Female 	 75.9	 (27.5) 	 66.0	 (37.6) < 0.0001 57.3 51.8 < 0.0001

Race
White 	 80.5	 (25.4) 	 73.1	 (35.4) < 0.0001 65.8 61.9 < 0.0001
African American 	 74.8	 (26.6) 	 66.1	 (35.8) < 0.0001 53.7 49.3 < 0.0001
Asian 	 77.1	 (26.8) 	 67.2	 (37.3) < 0.0001 59.9 52.7 < 0.0001
Native American 	 75.8	 (27.7) 	 65.9	 (37.3) < 0.0001 57.2 50.5 < 0.0001
Hawaiian/Pacific Islander 	 77.8	 (26.5) 	 69.5	 (36.5) < 0.0001 60.6 57.0 < 0.0001

Marital status
Married 	 79.9	 (25.7) 	 72.2	 (35.7) < 0.0001 64.5 60.6 < 0.0001
Divorced/separated 	 78.1	 (26.2) 	 70.0	 (35.7) < 0.0001 60.9 56.3 < 0.0001
Single/never married 	 77.3	 (26.7) 	 68.8	 (36.5) < 0.0001 59.7 55.3 < 0.0001
Widowed 	 80.1	 (25.7) 	 72.0	 (36.0) < 0.0001 65.4 61.0 < 0.0001

Region
Northeast 	 78.5	 (26.4) 	 70.7	 (36.2) < 0.0001 62.6 58.9 < 0.0001
Midwest 	 81.0	 (25.1) 	 73.4	 (35.1) < 0.0001 66.5 62.2 < 0.0001
South 	 78.9	 (25.9) 	 71.0	 (35.8) < 0.0001 62.4 58.2 < 0.0001
West 	 78.3	 (26.4) 	 70.2	 (36.2) < 0.0001 61.8 57.4 < 0.0001

Population density
Urban 	 78.2	 (26.3) 	 69.9	 (36.2) < 0.0001 61.2 57.0 < 0.0001
Rural 	 80.9	 (25.2) 	 73.5	 (35.0) < 0.0001 66.3 62.2 < 0.0001
Highly rural 	 80.2	 (26.1) 	 74.1	 (34.7) < 0.0001 66.4 63.3 < 0.0001

Note: N = 148,544.
aValues listed are PDC in the specified year.
bPDC ≥ 80%.
cP values represent results of t-tests.
dP values represent results of chi-square tests.
OAD = oral antidiabetic drug; PDC = proportion of days covered; SD = standard deviation.

TABLE 2 Levels of OAD Adherence in the First 2 Years of Therapy 
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adherence in years 1 and 2 included the significance of being 
Hawaiian/Pacific Islander, being a widower/widow, residing 
in a highly rural area, and the direction of the effect seen in 
patients initiating therapy on medications other than metfor-
min, a sulfonylurea, or a TZD. Additionally, regional variation 
was no longer a significant covariate. 

To account for changes in health status during year 1, sev-
eral other covariates were added to the second year’s model. Of 
significance, those veterans whose A1c levels either worsened 
or remain unchanged during the first year were more likely to 
be adherent in year 2 (OR = 1.21; 95% CI = 1.002-1.103), as were 
those diagnosed with a microvascular complication (OR = 1.05; 
95% CI = 1.002-1.103). However, experiencing a cardiovascular 

adherent (OR = 1.13; 95% CI = 1.082-1.173), while those in 
the West were less likely to achieve a PDC ≥ 80% (OR = 0.94; 
95% CI = 0.902-0.982). Also, compared with veterans in urban 
areas, those residing in more rural areas had higher adjusted 
odds of being adherent, but no significant effect was observed 
when we controlled for median income.

Continuing Medication Use
In the second year of OAD use, average adherence decreased to 
71.3% (SD = 35.8) and the proportion of those adherent dipped 
slightly to 59.1%. Adjusted for baseline patient factors, charac-
teristics related to second-year adherence were similar to those 
in year 1. However, differences observed between the models of 

Note: Reference categories: male (gender), age < 35 years (age), white (race), married (marital status), Northeast (region), urban (population density), metformin (initial 
medication). AUC = 0.63.
aP < 0.05.
bOdds ratios resulted from adjusted logistic regression (N = 75,516) among those adherent in year 1 without missing values.
A1c = hemoglobin A1c; AUC = area under the curve; TZD = thiazolidinediones.

FIGURE 2 Characteristics of Becoming Nonadherent in Year 2
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(< 35 years) and oldest veterans (≥ 85 years), as well as Asians. 
As reflected in the year 2 model, those adherent in year 1 
tended to remain so in year 2: 80.5% sustained a PDC ≥ 80% in 
the second year after doing so in the first year. A similar pro-
portion (77.8%) remained nonadherent after being so in year 1. 

Several factors associated with nonadherence in year 2 
emerged when we assessed the proportion of the population 
adherent in year 1 (Figure 2). Notably, the odds of becoming 
nonadherent were higher for African Americans (OR = 1.51; 
95% CI = 1.43-1.59); Asians (OR = 1.30; 95% CI = 1.067-1.594); 
Native Americans (OR = 1.46; 95% CI = 1.223-1.739); those 
divorced/separated (OR = 1.13; 95% CI = 1.083-1.186); women 
(OR = 1.10; 95% CI = 1.003-1.205); and those who experienced 
a cardiovascular or cerebrovascular event in the first year of 
OAD therapy (OR = 1.30; 95% CI = 1.043-1.612). 

Regional Variation
Analysis of medication use across the country identified sev-
eral pockets of particularly better and worse adherence. The  
highest average PDC was in a sector near St. Cloud, Minnesota, 
and in general, the upper Midwest, particularly North Dakota, 

(myocardial infarction or angina) or cerebrovascular event (isch-
emic stroke or transient ischemic attack) was not associated with 
being adherent in year 2 (OR = 0.89; 95% CI = 0.746-1.067). The 
single largest predictor of adherence in year 2 was having been 
adherent in year 1 (OR = 12.2; 95% CI = 11.79-12.52).

Mean adherence over both years was 75.3% (SD = 28.5), and 
just over half of all patients were adherent in both years (50.9%). 
In terms of significance and direction, the adjusted odds of being 
adherent in both years were nearly identical to those observed 
in year 1. Notable exceptions included females (OR = 0.93; 95% 
CI = 0.880-0.987) and Asians (OR = 0.82; 95% CI = 0.721-0.929) 
now being less likely to be adherent, whereas these ORs, albeit 
in the same direction, did not reach significance in year 1.

Change in Medication Use
Mean adherence declined 7.9% (SD = 25.6) between years 1 and 
2 and was consistently lower in year 2 across all characteristics 
(Table 2). However, declines were not statistically different 
between those adherent and nonadherent to therapy in year 1 
(P = 0.459). In terms of percent adherent, proportionately larger 
decreases (≥ 10% change) were observed among the youngest 

FIGURE 3 Regional Variation in Proportion Adherent to OAD Therapy by VA Sector in Year 1

Note: N = 147,870. 
aShadings represent the standard deviation (z-score) of VA sector means from the average PDC for the first year of OAD therapy.
OAD = oral antidiabetic drug; PDC = proportion of days covered; SD = standard deviation; VA = Veterans Affairs.
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Minnesota, and Michigan, had consistently better average 
adherence in the first year. A sector located in western Iowa 
(along the Nebraska border) achieved the highest proportion 
(76.8%) of adherent patients. 

Conversely, the worst average PDC was in a sector within 
the New York City metropolitan area, while a sector in central 
Massachusetts had the lowest proportion of adherent patients 
in the first year (42%). The Southwest, upstate New York, west-
ern Massachusetts, southern Florida, and the coastal region of 
Virginia had comparatively worse OAD adherence (Figure 3).  
These areas remained problematic in the second year, with 
Florida and more areas of the western United States growing 
increasingly worse in terms of average adherence. 

Largely, as reflected in the multivariable regressions, the 
Midwest maintained the most consistently high levels of 
adherence in the second year. Similarly, there was propensity 
for lower mean PDCs to be located in urban areas, particu-
larly New York/New Jersey, Northern Virginia, Chicago, Los 
Angeles, Miami, and Memphis. The lowest average PDC, and 
the fewest adherent in year 2, were located in the same central 
Massachusetts sector that had the fewest adherent in year 1. 

Between years, the largest crude differences in adherence 
were observed in upstate New York, eastern Massachusetts, 
large portions of the Mid-South, Southeast, and Northern 
California. Comparatively less change was observed in patients 
residing in the plains (e.g., South Dakota, Nebraska, Kansas, 
and Oklahoma), Arkansas, and rural Texas. However, in gen-
eral, areas of greatest comparative change were in either the 
Northeast or Southeast. Again, the same central Massachusetts 
sector had the greatest change in adherence between the first 
and second year of OAD therapy with a 17.0% drop in PDC.

■■  Discussion
This study is one of the few to examine levels of and change 
in adherence to OADs in the initial years of treatment. Similar 
to previous findings, results reiterate that adherence to anti-
diabetic medications is suboptimal and significant diversions 
in therapy are manifest in the first year. Our first-year PDC 
of 79.2% is similar to other earlier studies, whose average 
adherence rates varied from 74% to 90.2%.15,25,26,28 While this 
value is marginally below the accepted adherence threshold 
for DM medications, a significant number of veterans with 
DM—slightly more than one third—were nonadherent in the 
first year of therapy, reinforcing earlier, similar estimates that 
demonstrated more than one third of patients with DM are 
nonadherent.25,36 

However, implications of the current analysis are potentially 
more alarming as, unlike previous studies, our results focus on 
patients new to therapy. These findings suggest that patients 
may not be engaged with their care from the start of treatment, 
a behavior that may be difficult to reverse in subsequent years. 
This contention is supported by the relatively small change in 

adherence status from year 1 to year 2 among those initially 
nonadherent to their OAD, which supports an earlier observa-
tion across treatment years among adults with DM.36 

Conversely, the largest predictor of adherence in year 2 
was having been adherent in year 1, and the proportion of 
those remaining adherent in year 2 was nearly identical to an 
earlier study.36 Moreover, the proportion of our study cohort 
that achieved a PDC ≥ 80% was similar to what was observed 
by a recent analysis of veterans’ adherence in the first year of 
antihypertensive therapy.37 Such results are suggestive of the 
importance of stressing and supporting adherence to therapy 
from the first prescription to increase the odds of long-term 
adherence. 

Results were also suggestive of patient race being a par-
ticularly important factor associated with nonadherence. In 
modeling adherence in the first year, both years of observa-
tion, and in the second year (after being adherent in year 1), 
African Americans had consistently worse adherence. These 
findings add to a growing body of evidence demonstrating 
lower adherence among African Americans in both veterans 
and the general population.15,16,18,19,26 More generally, that each 
minority, in nearly all regressions, was associated with reduced 
odds of adherence is evidence of a potential systemic issue, and 
one, in conjunction with other adherence studies, that may not 
be unique to DM.10,11,13 Given that evidence exists connecting 
poorer antidiabetic medication use by minorities with higher 
rates of mortality, efforts should be made to better understand 
the unique challenges that non-white patients experience.12 

As demonstrated in both statistical analyses and geographic 
inference, OAD use varied across the country. While studies 
investigating geographic variation in DM medication use have 
often used state-level or regional information, our analysis pro-
vides a more granular assessment.16,24,25 By focusing on VA sec-
tors, our estimates allow for inference at a level where practice 
models and access to care were likely to be more homogenous. 

Similar to earlier studies examining geographic variation in 
DM medication use, adherence was higher among those resid-
ing in the Midwest.16,24,25 Our unadjusted findings also reiterate 
evidence of poorer medication use among patients with DM in 
western and southwestern states,16,24,25 while also being sugges-
tive of better adherence among veterans residing in nonurban 
areas.16 Having been presented at the sector level, these results 
may provide impetus for the VA system to extract best practices 
from VISNs of higher adherence and apply them in consistently 
poorer-performing sectors. Moreover, in combination with 
results tied to race, efforts may be justified to look deeper into 
social determinants of health at the VA sector level to better 
understand how influencers beyond this health care system 
may be affecting veterans’ DM medication use.
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Beyond race and geography, several other characteristics 
associated with adherence are noteworthy. Similar to most 
other studies of patients with DM, medication use tended to 
be better among older veterans, with those aged 55-64 years 
having the highest odds of adherence compared with veterans  
< 35 years.10,19,24,28,38 However, in spite of this increased  
propensity by age, most age groups still had suboptimal adher-
ence, and that of the youngest subgroup was particularly 
poor—this youngest subgroup also experienced a dramatic 
year-over-year decline in OAD use. 

These observations may indicate that younger patients may 
not be convinced of the value of chronic medications to address 
their DM and are quicker to neglect treatment shortly after ini-
tiation. To avoid such disengagement, prescribers may need to 
better reinforce the need for early and continued OAD use to 
better assist their younger patients in becoming accustomed to 
medically treating DM.

Our results also point to the potential role of support sys-
tems for patients managing DM. Consistently, unmarried vet-
erans—those divorced, separated, single, or never married—
had lower adjusted odds of adherence. While consistent with 
effects aggregated elsewhere, the current findings highlighting 
this effect among veterans may be more alarming.12,39 Given 
the high prevalence of depression and post-traumatic stress 
disorder (PTSD) among veterans, the need for social support is 
arguably higher than in the general population, with low levels 
of support increasing the odds of developing PTSD and depres-
sive symptoms among veterans.40,41 

While this study was not aimed at determining the role of 
social support in adherence among veterans, nor did it contain 
data to corroborate the existence or perception of social sup-
port, the results tied to marital status provide a signal worth 
investigating further. Combined with earlier findings, the pro-
pensity for unmarried veterans with DM to be nonadherent in 
the early stages of disease may indicate the need for other forms 
of support to avoid detrimental outcomes.12

Another observation worthy of future inquiry is the impact 
of a microvascular complication or macrovascular event in the 
first year of OAD therapy. Although not a significant effect, we 
observed that those diagnosed with a DM-related complication 
in the first year were more likely to be adherent in the second 
year, whereas the occurrence of a cardiovascular or cerebrovas-
cular event had no effect. However, when examining the odds of 
nonadherence among those initially adherent, we found that the 
impact of having a microvascular complication was no longer 
relevant, but having a cardiovascular or cerebrovascular event 
then became a significant predictor of nonadherence in year 2. 

This differential effect may suggest that patients react differ-
ently to the diagnosis of another condition compared with the 
occurrence of a potentially life-altering or threatening event. 
Considering the role that medication use plays in secondary 
prevention of cardiovascular and cerebrovascular events, we 
believe it is vital to address the needs of postdischarge patients 

to ensure that adherence to antidiabetic and other medications 
remains high. Future studies should consider investigating 
how detrimental health outcomes or events may affect future 
medication nonadherence among patients with DM.42

Limitations
This study had several limitations. First, only data from the 
VA’s EHR were used; therefore, results may not be generaliz-
able to the general U.S. or other populations. Second, data 
were drawn from the EHR without adjudication; therefore, 
errors made in the system and those with significant missing-
ness (e.g., race) could have affected our analyses. This would 
also include missing patients who were previously diagnosed 
with DM but who had a visit in the pre-index period without a 
DM-related code listed and unmeasured confounders that may 
have influenced the observed associations. Additionally, only 
medications filled within the VA system could be accounted 
for, but it is likely that some medication use was external to 
VA records (e.g., discount generic programs, Medicare Part D). 
Finally, while PDC is a widely used and accepted adherence 
metric, it is still an indirect method, and actual use cannot be 
accounted for using this method. Moreover, the method used 
did not account for the impact that being on multiple medica-
tions may have had on the calculated PDC. 

■■  Conclusions
Adherence to OAD medications was suboptimal among vet-
erans with uncomplicated DM, even within the first year of 
therapy. Nonadherence among particular subgroups of the 
population is particularly problematic and may call for focused 
attention to decrease the odds of poor health outcomes. Efforts 
within the VA in certain areas of the country may be necessary 
to target particular veterans with DM at the outset of therapy.
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Diagnosesa Codes

HIV 042-044.9, V08, 795.71
Malignant cancer 140-172.9, 174-195.8, 200-208.9
Retinopathy 250.5, 362.0x
Neuropathy 250.6, 357.2
Foot ulcer 707.1x
Nephropathy 250.4x
End-stage renal disease 585.6
Cerebrovascular disease 430-438
Ischemic stroke 434.x, 436.x
Transient ischemic attack 435.x
Myocardial infarction 410-410.9, 412
Peripheral arterial disease 440.0-440.9, 443.x, 38.0, 38.1, 39.50, 39.22, 39.24-39.26, 29.28
Chronic obstructive pulmonary disease 490-496, 500-505, 506.4
Congestive heart failure 428-428.9
Hypoglycemia 251.2, 250.8

Procedures Codes

Coronary artery bypass graft 36.10-36.17, 36.19b, 33510-33519, 33521-33523, 33533-33536C

Percutaneous transluminal coronary angioplasty 36.03, 36.04, 36.06, 36.07, 36.09b, 92980-92982, 92984-92996c

aCodes listed for this section are ICD-9-CM diagnosis codes.
bThese codes are ICD-9-CM procedure codes.
cThese codes are CPT codes.
CPT = Current Procedural Terminology; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; HIV = human immunodeficiency virus.

APPENDIX A Diagnosis and Procedure Codes
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APPENDIX B Patient Selection

aMultiple comorbidities were possible. 
HIV = human immunodeficiency virus; OAD = oral antidiabetic drug; VA = Veterans Affairs.

Study cohort

n = 148,544

Overall cohort

Missing second-year pharmacy data

Exclusion comorbiditya

•	HIV = 1,834
•	Cancer = 603,619
•	Microvascular complication = 1,144,937
•	End-stage renal disease = 1,473

Missing required clinical data

Met OAD fill criteria

n = 1,108,861

Uncomplicated incident diabetes

Diagnosed and/or follow-up out of time frame

All VA diabetes diagnoses, 2002-2014

First diabetes diagnosis, 2003-2012

No OAD therapy or insulin first

n = 261,444

N = 1,511,516

n = 12,156

n = 1,499,360

n = 390,499

n = 129,055

n = 102,412

n = 159,032

n = 10,488
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