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Medication nonadherence is a significant barrier to 
achieving positive health outcomes for patients 

with chronic health conditions [1]. Comprehensive meta-
analyses report that across all chronic disease states, only 
65%–75% of patients adhere to prescribed therapies, on 
average [2, 3]. Further, among patients with certain com-
mon chronic diseases, adherence rates have been shown 
to be even lower. For example, only 40%–50% of patients 
with hyperlipidemia adhere to statin therapy beyond 12 
months [4, 5]. Poor adherence can result in more rapid dis-
ease progression, adverse health outcomes, and increased 
use of costly health care services. Specifically, patients who 
are nonadherent to medications for hyperlipidemia [6, 7],  
type 2 diabetes [8-10], and hypertension [11-14] experience 
significantly higher rates of emergency department (ED) 
use, hospitalization, serious cardiovascular events, and 
death [15].

The cost of medications is a primary contributor to nonad-
herence [16-19]. In a survey of chronically ill older adults in the 
United States, nearly half of respondents aged 40–64 years  
who were employed reported that they had not filled pre-
scriptions or had inappropriately altered their dosing regi-
men because of the cost of the drug [20]. Not surprisingly, 

this problem is more pronounced in patients who have lim-
ited or no prescription drug coverage, low incomes, and/or 
multiple comorbidities [21, 22]. Among socioeconomically 
and medically vulnerable patients, as the cost burden of pre-
scription drugs increases, suboptimal adherence becomes 
more likely, premature discontinuation of therapy increases, 
overall health care costs rise, and spending on essential non-
medical needs decreases [23, 24].

Low-income uninsured patients who cannot afford pre-
scription medications may be able to get help from phar-
macy assistance programs that provide medications for 
free or at reduced cost. Such programs vary in their avail-
ability, patient eligibility criteria, generosity, and services 
offered. The Patient Protection and Affordable Care Act of 
2010 (ACA) gives states the option to provide coverage to 
many uninsured citizens through an expansion of the state’s 
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Medicaid program. As of June 10, 2014, however, 21 states, 
including North Carolina, had declared that they did not 
intend to expand their Medicaid programs [25]. In these 
states, the need for pharmacy assistance programs will con-
tinue and may grow; however, the resources of charitable 
organizations will be stretched by rising health care costs 
and the number of uninsured patients.

Little is known about the ability of pharmacy assistance 
programs to serve as a primary source of prescription medi-
cations for uninsured low-income patients, nor do we know 
the effect of these programs on health outcomes. We there-
fore investigated the medication and health care utilization 
of patients with chronic health conditions who received 
prescription assistance through the University of North 
Carolina (UNC) Health Care Pharmacy Assistance Program 
(PAP). Specifically, we examined patterns of adherence to 
medications used to treat diabetes, hyperlipidemia, and 
hypertension among individuals participating in PAP, as well 
as their use of inpatient, outpatient, and ED services.

Methods

Study Design
We conducted a retrospective cohort study to examine 

6-month outcomes among PAP participants who received 
oral medications for the long-term management of diabetes, 
hypertension, and/or hyperlipidemia. These disease states 
were chosen because of their high prevalence, economic 
burden on the US health care system, and potential for 
adverse health consequences stemming from poor medica-
tion adherence. Three study cohorts were created; patients 
were included in one of these cohorts if they received a pre-
scription fill for an oral medication indicated for diabetes, 
hyperlipidemia, or hypertension following enrollment in PAP. 
Subjects using medications for more than 1 of these diseases 
were included in multiple cohorts, and the 6-month obser-
vation period varied across cohorts depending on the date 
of the cohort-specific index prescription fill. The index date 
was defined as the date of the first prescription for a qualify-
ing medication filled after a patient became newly eligible 
for PAP services from 2009 through 2011. This study used 
a prevalent-user design, which allowed inclusion of subjects 
who were using study medications prior to the observation 
period.

Patients
Patients were included if they met the following 3 cri-

teria: They enrolled in the UNC Health Care PAP between 
January 1, 2009, and December 31, 2011; they had at least 
1 prescription claim for an oral medication indicated for 
hyperlipidemia (statins), diabetes (sulfonylureas, thiazoli-
dinediones, or metformin), and/or hypertension (angio-
tensin-converting enzyme [ACE] inhibitors, angiotensin II 
receptor blockers, calcium channel blockers, or diuretics); 
and they had at least 6 months of continuous enrollment in 
PAP between their index fill date and December 31, 2011. We 

created the study cohorts based on the presumed primary 
indication for the medication. Although we were unable to 
verify a diagnosis due to the lack of health care data prior 
to PAP enrollment, we assumed that patients receiving 1 of 
these medications would be expected to adhere to a long-
term dosing regimen.

PAP coverage was available to patients who were North 
Carolina residents, had an annual household income at 
or below 200% of the federal poverty guidelines, had no 
health insurance, and were ineligible for any other federal 
or state health insurance programs. Roughly 80% of PAP 
participants reported that they had no income when they 
enrolled in the program. PAP enrollees received a renew-
able 12-month prescription benefit that gave them access to 
30-day prescription fills from a comprehensive formulary at 
the UNC Health Care outpatient pharmacy. The program’s 
$4 copayments were waived for patients who were unable 
to pay this amount, and PAP enrollees were not required to 
pay monthly premiums or deductibles.

Data
Prescription claims data were obtained from the phar-

macy benefits management company responsible for over-
seeing PAP during the study period; these data were then 
linked to data from the Carolina Data Warehouse for Health, 
which contains demographic information and detailed 
administrative claims data for all inpatient, ED, and outpa-
tient services provided throughout the UNC Health Care 
system. Finally, patient-level program enrollment informa-
tion was abstracted from PAP administrative records. All 
linked data sets were deidentified to ensure confidentiality 
before data were used for research purposes. This study 
was approved by the Biomedical Institutional Review Board 
of the University of North Carolina at Chapel Hill.

Prescription Utilization Measures
Medication adherence was calculated using PAP pre-

scription claims data for the 6-month observation period, 
beginning on the date of the index prescription fill; specifi-
cally, proportion of days covered (PDC), a measure of medi-
cation adherence [4], was calculated by taking the number 
of days in the observation period for which the patient had 
available drug supply and dividing that by the total number 
of days in the observation period. PDC represents overall 
adherence to medications for treating the disease state, as 
opposed to adherence to a specific drug. For example, for 
subjects who received multiple antihypertensive products, 
adherence was calculated based on the availability of any 
antihypertensive drug during the observation period. 

In addition to this continuous measure of adherence, we 
created a dichotomous measure of adherence. Based on 
other studies [4, 26, 27], we set the threshold for adherence 
at 80%—that is, patients were deemed to be adherent if 
they had a PDC equal to or greater than 0.8. Also, we cal-
culated the total number of unique drug products for which 
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a prescription was filled during the 6-month observation 
period, regardless of whether they were used to treat the 
disease that defined the cohort; this number was used as a 
proxy for therapeutic complexity and disease burden. Binary 
variables were created to indicate the inclusion of patients in 
each of the 3 cohorts.

Measures of Health Care Utilization
Binary variables were used to indicate whether a patient 

visited the ED or was admitted to the hospital during the 
6-month period following the index date. ED visits result-
ing in an inpatient hospitalization were classified solely as 
inpatient care, not as ED care. The descriptive analyses 
included the number of ED visits, inpatient admissions, and 
outpatient visits during the 6-month observation period 
among those with at least 1 such visit or admission. Average 
length of stay (in days) was also measured for inpatient 
hospitalizations.

Demographic Measures
Patient-level demographic measures included age, sex, 

self-reported race (white, black, or other); preferred lan-
guage (English, Spanish, or other); local residence (either 
Orange County [where UNC Health Care is located], any 
of the 5 bordering counties [Chatham, Alamance, Caswell, 
Person, or Durham], or nearby Wake County); and economic 
status of the patient’s county of residence (determined 
using the North Carolina Department of Commerce’s county 
tier designations for 2013 [28], in which Tier 1 consists of 
the 40 most economically distressed counties, Tier 2 con-
sists of the 40 next-most-distressed counties, and Tier 3 
consists of the 20 least distressed counties). Demographic 
variables were assessed at baseline during the PAP enroll-
ment process.

Statistical Analysis
We calculated patient-level demographic characteris-

tics, prescription use, and health care utilization for each 
cohort. Within each cohort, logistic regression was used to 
assess bivariate differences in adherence (PDC <0.8 versus 
PDC ≥0.8) for patient-level covariates that were identified  
a priori: age, sex, race, preferred language, number of unique 
drugs for which prescriptions were filled, and concomitant 
enrollment in other study cohorts. Bivariate logistic regres-
sion was performed to examine the distribution of covari-
ate characteristics across values of the binary adherence 
dependent variable for each cohort. Multivariable logistic 
regression was used to examine the impact of the predefined 
covariates on medication adherence (primary outcome). 
Multivariable logistic regression was also used to investi-
gate the association of medication adherence with ED use 
and with inpatient admission during the observation period 
for each of the 3 cohorts, while controlling for the previously 
specified covariates. Odds ratios (OR) and 95% confidence 
intervals (CI) for logistic regression models were reported. 

Statistical analyses were performed using Stata version 11.2 
software [29].

Results

Of 7,180 individuals newly enrolled in the UNC Health 
Care PAP from 2009 through 2011, a total of 2,695 patients 
filled a prescription for an antihypertensive agent, 873 filled 
a prescription for an oral glucose-lowering agent, and 1,349 
filled a prescription for a statin. After applying the eligibility 
criteria, our final study cohorts consisted of 866, 265, and 
455 PAP participants using antihypertensive agents, oral 
glucose-lowering agents, and statins, respectively.

Table 1 describes the demographic characteristics, pre-
scription use, and health care utilization of each cohort. 
Substantial overlap exists across the 3 study cohorts: 64% 
of the patients receiving oral glucose-lowering agents and 
70% of the statin users also concomitantly received anti-
hypertensive agents, and more than 50% of the patients 
receiving oral glucose-lowering agents were also taking 
statins. 

Patient-level demographic characteristics were fairly 
evenly distributed across the 3 cohorts. The mean age of the 
patients was about 50 years, and roughly half of patients 
were female, self-identified as white, and lived in an eco-
nomically robust (Tier 3) county. The preferred language of 
most patients was English. Patients receiving oral glucose-
lowering agents were slightly more likely to be female, to be 
racially diverse, to designate Spanish as their preferred lan-
guage, and to live in a local county compared with patients 
in the other 2 cohorts.

The 3 study cohorts were similar in their prescription use 
and their utilization of health care. On average, study patients 
filled prescriptions for roughly 9 unique medications during 
the 6-month observation period. In addition, nearly 90% of 
patients in each cohort had at least 1 outpatient visit during 
the observation period, fewer than 20% were hospitalized, 
and about 20% visited the ED at least once.

During the 6-month observation period, mean adher-
ence rates (measured in terms of continuous PDC) were 
0.61, 0.67, and 0.70 for new PAP participants using statins, 
oral glucose-lowering agents, and antihypertensive agents, 
respectively (Table 2). Observed adherence rates were 
slightly lower for the individual classes of drugs included 
within the categories of oral glucose-lowering agents and 
antihypertensive agents (eg, metformin or ACE inhibitors, 
respectively). When adherence was defined as PDC equal to 
or greater than 0.8, this benchmark was met by 38%, 45%, 
and 52% of the patients taking statins, glucose-lowering 
agents, and antihypertensive agents, respectively.

Bivariate analyses revealed that, compared with nonad-
herent patients, adherent patients were significantly older, 
more likely to be white (if they were taking oral glucose-
lowering agents or statins), more likely to be concomitantly 
using 2 classes of medications (eg, antihypertensive agents 
and statins), and filled prescriptions for more unique medi-
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cations (Table 3). In addition, patients who were receiving 
antihypertensive agents and who were local residents were 
more likely to be adherent.

When all covariates were included, multivariable logistic 
regression results showed that these trends did not change; 
however, not all associations remained statistically significant 
(Table 4). Older age was a statistically significant predictor 
of adherence to antihypertensive agents (OR = 1.03; 95% CI,  
1.01–1.04) and adherence to statins (OR = 1.03; 95% CI,  
1.00–1.05). Similarly, the number of unique medications for 
which prescriptions were filled also had a statistically sig-
nificant positive association with adherence to antihyper-

tensive agents and with adherence to statins. White race 
was associated with 83% greater odds of adherence to oral 
glucose-lowering agents (OR = 1.83; 95% CI, 1.05–3.21) and 
82% greater odds of adherence to statins (OR = 1.82; 95% CI,  
1.19–2.79). For patients in the antihypertensive cohort, con-
comitant use of statins significantly increased the odds of 
adherence to antihypertensive agents. Patient sex, language 
preference, and local residence were not associated with 
adherence to medications for any of the 3 cohorts.

Our analysis suggested a negative association between 
adherence and ED use in each study cohort (Table 5), but 
none of the ORs were statistically significant. Filling prescrip-

table 1.
Demographic Characteristics and Health Care Utilization of Newly Enrolleda Participants in the 
UNC Health Care Pharmacy Assistance Program Receiving Oral Pharmacotherapy for Common 
Chronic Diseases

				    Users of 	 Users of oral	 Users of 
				    antihypertensive 	 glucose-lowering	 statins 
Characteristic/variable	 agents (N = 866) 	 agents (N = 265)	  (N = 455)

Age (in years), Mean±SD	 49±11	 49±11	 51±9
Female sex, No. (%)	 435 (50%)	 144 (54%)	 211 (46%)
Race, No. (%)			 
	 White	 412 (48%)	 115 (43%)	 248 (55%)
	 Black		 324 (37%)	 84 (32%)	 142 (31%)
	 Other	 130 (15%)	 66 (25%)	 65 (14%)
Preferred language, No. (%)			 
	 English	 736 (85%)	 201 (76%)	 394 (87%)
	 Spanish	 74 (9%)	 49 (18%)	 39 (9%)
	 Other	 56 (6%)	 15 (6%)	 22 (5%)
Local residenceb, No. (%)	 568 (66%)	 189 (71%)	 315 (69%)
Economic status of county of residencec, No. (%)			 
	 Tier 1		 62 (7%)	 11 (4%)	 31 (7%)
	 Tier 2	 366 (42%)	 111 (42%)	 199 (44%)
	 Tier 3	 438 (51%)	 143 (54%)	 225 (49%)
No. of unique drugs for which a prescription was filled,  
	 Mean±SD	 8.3±4.5	 9.2±4.8	 9.3±4.7
Health care utilization			 
	 Outpatient care			 
		  Patients making any visit, No. (%)	 755 (87%)	 231 (87%)	 402 (88%)
		  No. of visits by those making at least 1 visit,  
			   Mean±SD	 5.34±4.90	 4.74±5.18	 5.07±4.45
	 Inpatient care			 
		  Patients with any hospital admission, No. (%)	 168 (19%)	 42 (16%)	 72 (16%)
		  No. of admissions among those with at least  
			   1 admission, Mean±SD	 1.64±1.34	 1.57±1.21	 1.65±1.13
		  Length of stay (in days), Mean±SD	 4.44±6.59	 3.47±3.00	 5.53±9.08
	 Emergency department care			 
		  Recipients who visited the emergency  
			   department, No. (%) 	 179 (21%)	 50 (19%)	 90 (20%)
		  No. of visits among those making at least 1 visit  
			   to the emergency department, Mean±SD	 1.95±2.50	 1.96±1.85	 1.57±1.43

Note. UNC, University of North Carolina; SD, standard deviation. 
aEnrollment in multiple study cohorts was allowed. A total of 325 patients were taking both antihypertensive agents and 
statins; 170 patients were taking both antihypertensive agents and oral glucose-lowering agents; 137 patients were taking 
both oral glucose-lowering agents and statins; and 112 patients were enrolled in all 3 study cohorts.
bLocal residence was defined as living in 1 of these 7 counties: Orange, Chatham, Alamance, Caswell, Person, Durham, or 
Wake.
cNorth Carolina Department of Commerce county tier designations for 2013 [28] were used to determine the economic 
status of the patient’s county of residence. Tier 1 counties are the state’s 40 most economically distressed counties; Tier 2 
counties are the 40 next-most-distressed counties; and Tier 1 counties are the 20 least economically distressed counties.
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tions for a greater number of unique medications was asso-
ciated with greater likelihood of an ED visit among patients 
taking antihypertensive agents (OR = 1.12; 95% CI, 1.07–1.17), 
oral glucose-lowering agents (OR = 1.16; 95% CI, 1.07–1.25), 
or statins (OR = 1.09; 95% CI, 1.03–1.15). Patients taking anti-
hypertensive agents whose preferred language was English 
were also more likely to receive ED care (OR = 2.63; 95% CI,  
1.34–5.13). Local residence had a statistically significant 
positive association with ED use in all 3 cohorts. Although 
the point estimates suggested that concomitant use of med-
ications from 2 or more study cohorts (eg, antihypertensive 
agents and statins) was associated with decreased odds of 
an ED visit, none of the ORs reached statistical significance.

The odds of inpatient admission were lower for adherent 
patients in each study cohort compared with nonadherent 
patients, but this finding was statistically significant only 
for patients receiving antihypertensive agents (OR = 0.42;  
95% CI, 0.39–0.87; Table 6). There was a statistically sig-
nificant positive association in all 3 cohorts between the 
number of unique drugs for which a patient had prescrip-
tions filled and inpatient admission; concomitant use of oral 
glucose-lowering agents and statins was also associated 
with a statistically significant reduction in the odds of being 
hospitalized. Although female sex had no significant effect 
on the likelihood of needing ED care, female sex was asso-
ciated with lower odds of hospitalization for all 3 cohorts. 

table 2.
Six-Month Adherence Among Newly Enrolled Participants in the UNC Health Care Pharmacy Assistance 
Program to Medications in Certain Drug Classes, Across Cohorts of Users With Common Chronic 
Diseases

						      Nonadherent	 Low-adherence 	 Adherent 
					     Adherence,	 patients	 patients	 patients 
				    No. of	 in PDC	 (PDC<0.5)	 (PDC = 0.5–0.79)	 (PDC≥0.8) 
Drug class	 patients	 Mean±SD	 No. (%)	 No. (%)	 No. (%)

Statins		  455	 0.61±0.30	 147 (32%)	 134 (29%)	 172 (38%)
All oral glucose-lowering agentsa	 265	 0.67±0.31	 73 (28%)	 70 (26%)	 120 (45%)
	 Metformin	 230	 0.62±0.28	 63 (27%)	 85 (37%)	 80 (35%)
	 Sulfonylureas	 114	 0.63±0.30	 33 (29%)	 34 (30%)	 47 (41%)
	 Thiazolidinediones	 31	 0.64±0.29	 8 (26%)	 9 (29%)	 14 (45%)
All oral antihypertensive agentsa	 866	 0.70±0.31	 225 (26%)	 190 (22%)	 449 (52%)
	 ACE inhibitors/ARBs	 534	 0.61±0.29	 168 (31%)	 164 (31%)	 200 (37%)
	 Beta blockers	 495	 0.59±0.31	 159 (38%)	 115 (28%)	 142 (34%)
	 Calcium channel blockers	 324	 0.61±0.30	 96 (33%)	 84 (29%)	 110 (38%)

	 Diuretics	 502	 0.61±0.31	 187 (37%)	 111 (22%)	 203 (40%)

Note: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; PDC, proportion of days covered; SD, standard 
deviation; UNC, University of North Carolina.
aAdherence measures for “all oral glucose-lowering agents” and “all oral antihypertensive agents” reflect overall, aggregate adherence, 
calculated by totaling the number of days in which any medication indicated for the disease was available, divided by the number of days 
in the observation period.

table 3.
Unadjusted Bivariate Logistic Regression Results Predicting Adherencea Among Newly Enrolled 
Participants in the UNC Health Care Pharmacy Assistance Program to Medications for a Specific 
Chronic Disease

		  Users of antihypertensive 	 Users of oral glucose-	 Users of statins 
Characteristic/variable 	 agents (N = 866)	 lowering agents (N = 265)	 (N = 455)
predicting adherencea	 OR (95% CI) 	 OR (95% CI)	 OR (95% CI)

Age	 1.03** (1.02–1.05)	 1.03** (1.01–1.06)	 1.03** (1.01–1.05)

Female sex	 0.99 (0.76–1.29)	 0.68 (0.42–1.11)	 0.84 (0.57–1.22)

White race	 1.21 (0.93–1.58)	 2.39** (1.46–3.94)	 2.02** (1.37–2.98)

English as preferred language 	 1.01 (0.70–1.47)	 2.18* (1.20–3.96)	 1.68 (0.93–3.04)

Local residenceb	 1.46** (1.10–1.94)	 1.20 (0.70–2.05)	 1.19 (0.79–1.80)

No. of unique drugs received	 1.19** (1.15–1.24)	 1.09** (1.03–1.15)	 1.08** (1.04–1.13)

Use of any antihypertensive agent	 —	 1.97** (1.17–3.31)	 1.70* (1.10–2.63)

Use of any glucose-lowering agent	 2.19** (1.54–3.12)	 —	 1.56* (1.04–2.35)

Use of any statin	 2.92** (2.19–3.89)	 2.71** (1.64–4.47)	 —

Note. CI, confidence interval; UNC, University of North Carolina; OR, odds ratio.
*P<.05.
**P<.01.
aAdherence was defined as having an overall, aggregate proportion of days covered (PDC) equal to or greater than 0.8 for 
medications within a cohort.
bLocal residence was defined as living in 1 of these 7 counties: Orange, Chatham, Alamance, Caswell, Person, Durham, or Wake.
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Similar results were observed for patients whose preferred 
language was English, but only among users of antihyperten-
sive agents and users of oral glucose-lowering agents. Local 
residence did not predict inpatient utilization.

Discussion

We examined patterns of medication adherence and 
health care utilization among PAP participants who received 
treatment for chronic disease. Because North Carolina is 
opting out of the Medicaid expansion offered under the ACA 
[25], these patients are likely to be more reliant on phar-
macy assistance programs. Although the number of PAP 

participants in the study represents a small fraction of the 
estimated 1.6 million adults in North Carolina who lacked 
health insurance before the ACA took effect in January 2014 
[30], PAP served as a primary source of pharmacy care for 
a large number of patients who had therapeutically complex 
conditions and who faced significant financial barriers to 
appropriate medication use.

The adherence patterns observed in this study were con-
sistent with those of other medication use studies [2-5]. 
Average PDCs ranged from 0.6 to 0.7 across common 
chronic disease states, and roughly 40%–50% of patients 
were adherent to medications for their chronic conditions. 

table 4.
Adjusted Multivariable Logistic Regression Results Predicting Adherencea Among Newly Enrolled 
Participants in the UNC Health Care Pharmacy Assistance Program to Medications for a Specific 
Chronic Disease

		  Users of antihypertensive 	 Users of oral glucose-	 Users of statins 
Characteristic/variable 	 agents (N = 866)	 lowering agents (N = 265)	 (N = 455)
predicting adherencea	 OR (95% CI) 	 OR (95% CI)	 OR (95% CI)

Age	 1.03** (1.01–1.04)	 1.02 (0.99–1.05)	 1.03* (1.00–1.05)

Female sex	 0.84 (0.63–1.13)	 0.70 (0.42–1.18)	 0.74 (0.49–1.10)

White race	 0.89 (0.65–1.22)	 1.83* (1.05–3.21)	 1.82** (1.19–2.79)

English as preferred language 	 0.74 (0.48–1.12)	 1.07 (0.53–2.14)	 1.21 (0.64–2.32)

Local residenceb	 1.31 (0.96–1.79)	 1.37 (0.76–2.47)	 1.23 (0.79–1.92)

No. of unique drugs received	 1.17** (1.13–1.22)	 1.05 (0.99–1.11)	 1.06** (1.02–1.11)

Use of any antihypertensive agent	 —	 1.17 (0.64–2.13)	 1.36 (0.85–2.16)

Use of any glucose-lowering agent	 1.20 (0.81–1.79)	 —	 1.37 (0.89–2.12)

Use of any statin	 1.80** (1.30–2.49)	 1.75 (0.99–3.10)	 —

Note. CI, confidence interval; OR, odds ratio; UNC, University of North Carolina.
*P<.05.
**P<.01.
aAdherence was defined as having an overall, aggregate proportion of days covered (PDC) equal to or greater than 0.8 for 
medications within a cohort.
bLocal residence was defined as living in 1 of these 7 counties: Orange, Chatham, Alamance, Caswell, Person, Durham, or Wake.

table 5.
Multivariable Logistic Regression Results Predicting an Emergency Department Visit by Newly 
Enrolled Participants in the UNC Health Care Pharmacy Assistance Program Taking Medications 
for a Specific Chronic Disease

Characteristic/variable 	 Users of antihypertensive 	 Users of oral glucose-	 Users of statins 
predicting an emergency 	 agents (N = 866)	 lowering agents (N = 265)	 (N = 455)
department visit	 OR (95% CI) 	 OR (95% CI)	 OR (95% CI)

Adherence to cohort drugsa	 0.77 (0.53–1.13)	 0.66 (0.33–1.35)	 0.86 (0.51–1.43)

Age	 0.98* (0.97–1.00)	 0.98 (0.94–1.01)	 0.97 (0.95–1.00)

Female sex	 0.95 (0.66–1.35)	 0.52 (0.26–1.02)	 0.99 (0.61–1.61)

White race	 0.96 (0.67–1.39)	 0.92 (0.44–1.90)	 0.87 (0.53–1.45)

English as preferred language	 2.63** (1.34–5.13)	 1.61 (0.62–4.19)	 2.61 (0.97–7.01)

Local residenceb	 3.28** (2.12–5.08)	 3.59** (1.45–8.89)	 1.95* (1.09–3.47)

No. of unique drugs received	 1.12** (1.07–1.17)	 1.16** (1.07–1.25)	 1.09** (1.03–1.15)

Use of any antihypertensive agent	 —	 0.84 (0.40–1.78)	 1.04 (0.60–1.80)

Use of any glucose-lowering agent	 0.72 (0.45–1.16)	 —	 0.69 (0.40–1.19)

Use of any statin	 0.69 (0.46–1.03)	 0.52 (0.25–1.12)	 —

Note. CI, confidence interval; OR, odds ratio; UNC, University of North Carolina.
*P<.05.
**P<.01.
aAdherence was defined as having an overall, aggregate proportion of days covered (PDC) equal to or greater than 0.8 for 
medications within a cohort.
bLocal residence was defined as living in 1 of these 7 counties: Orange, Chatham, Alamance, Caswell, Person, Durham, or Wake.
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Notably, increased age, inclusion in multiple study cohorts, 
and filling prescriptions for a greater number of unique med-
ications (which was a proxy for disease burden and thera-
peutic complexity) were each associated with improved 
odds of adherence. It is also notable that for patients taking 
oral glucose-lowering agents and for those taking statins, 
the odds of being adherent were over 80% higher for white 
patients compared to nonwhites.

Among PAP participants, improved medication adher-
ence was generally associated with fewer hospitalizations 
and fewer ED visits across all study cohorts; however, the 
association between adherence and number of inpatient 
admissions was only statistically significant for users of 
antihypertensive agents. It is possible that a longer obser-
vation period and larger sample sizes could have elucidated 
a stronger statistical relationship between adherence and 
health care use. That said, observed trends in our findings 
suggest that improved access to medications through PAP 
may be associated with reduced health care utilization 
among low-income uninsured patients who are adherent to 
chronic disease therapies.

We also identified general predictors of ED care and inpa-
tient care across the 3 study cohorts. Receiving medications 
for more than 1 chronic condition was associated with a 
decreased likelihood of health care utilization. However, fill-
ing prescriptions for a greater number of unique drugs dur-
ing the observation period—a proxy for disease burden and 
therapeutic complexity—was associated with an increased 
likelihood of needing ED care or inpatient care. Interestingly, 
patients whose preferred language was not English were 
generally less likely to seek ED care than were individuals 
who preferred English, but the former patients were much 
more likely to experience a costly hospitalization.

These observations could inform administration of the 
UNC Health Care PAP and similar programs in 2 important 
ways. First, targeting older patients who have therapeutically 
complex conditions for enrollment in pharmacy assistance 
programs may represent optimal use of current program 
funding because those patients have a greater likelihood of 
adhering to therapies for the treatment of common chronic 
diseases. Second, clear opportunities exist to improve medi-
cation adherence and utilization among PAP participants 
who have chronic disease, especially those belonging to 
racial minorities and those whose preferred language is not 
English.

Charitable pharmacy assistance programs could improve 
adherence and patient outcomes by implementing phar-
macist-delivered medication therapy management (MTM) 
services alongside the standard dispensing processes. To 
that end, in 2013 the UNC Health Care PAP implemented 
the Carolina Assessment of Medications Program (CAMP), 
a pharmacist-led MTM service, to optimize the pharmaco-
therapy regimens of PAP participants. CAMP participants 
meet face-to-face with a clinical pharmacist for a compre-
hensive medication review once per quarter. Additionally, 
CAMP pharmacists coordinate all monthly prescription 
refills for CAMP enrollees. Targeting these types of MTM 
services toward select PAP populations—such as racial 
minorities, patients preferring a language other than English, 
and patients using high numbers of medications—may 
improve adherence, reduce expensive health care utilization, 
and ultimately enhance health outcomes.

Limitations

Our study has several limitations. First, the nature of PAP 
and its patient population necessitated the use of a preva-

table 6.
Multivariable Logistic Regression Results Predicting An Inpatient Admission Among Newly 
Enrolled Participants in the UNC Health Care Pharmacy Assistance Program Taking Medications 
for a Specific Chronic Disease

Characteristic/variable 	 Users of antihypertensive 	 Users of oral glucose-	 Users of statins 
predicting an inpatient 	 agents (N = 866)	 lowering agents (N = 265)	 (N = 455)
admission	 OR (95% CI) 	 OR (95% CI)	 OR (95% CI)

Adherence to cohort drugsa	 0.58** (0.39–0.87)	 0.70 (0.32–1.51)	 0.85 (0.48–1.52)

Age	 1.01 (0.99–1.02)	 1.00 (0.97–1.04)	 0.99 (0.96–1.02)

Female sex	 0.51** (0.35–0.74)	 0.34** (0.16–0.74)	 0.41** (0.23–0.73)

White race	 0.96 (0.65–1.40)	 1.33 (0.57–3.09)	 0.93 (0.52–1.68)

English as preferred language	 0.56* (0.33–0.93)	 0.22** (0.08–0.57)	 0.62 (0.27–1.44)

Local residenceb	 1.29 (0.87–1.91)	 1.07 (0.49–2.35)	 1.21 (0.66–2.22)

No. of unique drugs received	 1.22** (1.17–1.28)	 1.24** (1.14–1.36)	 1.21** (1.14–1.29)

Use of any antihypertensive agent	 —	 0.89 (0.39–2.03)	 1.01 (0.54–1.89)

Use of any glucose-lowering agent	 0.55* (0.33–0.91)	 —	 0.40** (0.20–0.78)

Use of any statin	 0.67 (0.44–1.01)	 0.39* (0.16–0.92)	 —

Note. CI, confidence interval; OR, odds ratio; UNC, University of North Carolina.
*P<.05.
**P<.01.
aAdherence was defined as having an overall, aggregate proportion of days covered (PDC) equal to or greater than 0.8 for 
medications within a cohort.
bLocal residence was defined as living in 1 of these 7 counties: Orange, Chatham, Alamance, Caswell, Person, Durham, or Wake.
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lent-user design. By including prevalent users (patients who 
had been taking the therapy for some time before the study 
began), the study cohorts may have included patients who 
had previously succeeded on therapy, thereby introducing a 
“healthy adherer” bias [31]. That said, prevalent users may 
be more representative of the patient populations served by 
charitable pharmacy assistance programs, who are seeking 
accessible health care for previously diagnosed conditions.

Second, the substantial overlap of patients across cohorts 
could have contributed to the similar trends we observed 
across cohorts.

Third, this study used aggregate measures of medication 
adherence within study cohorts, and health care utilization 
was measured in terms of all-cause ED visits and all-cause 
hospital admissions. Although these are actionable out-
comes, investigating adherence to a specific drug class and 
investigating health care utilization attributable directly to 
the disease for which the cohort was being treated (hyper-
tension, diabetes, or hyperlipidemia) would be informa-
tive and might elicit stronger statistical relationships in the 
analyses.

Fourth, due to data limitations, prescription use and 
health care utilization measures could only be captured dur-
ing the 6-month observation period. Ideally, these measures 
would also have been observed during a baseline period 
prior to the index date to avoid potential simultaneity.

Finally, our data sources could not capture prescription 
use or health care utilization that occurred outside of the 
UNC Health Care system, and we may have lacked measures 
for potential patient-level confounders.

Conclusion

From 2009 through 2011, roughly half of participants in 
the UNC Health Care PAP who had chronic diseases were 
adherent to their long-term medications. Adherent partici-
pants, particularly those who were adherent to antihyper-
tensive agents, were less likely to use costly health care 
services. Poorer adherence was associated with nonwhite 
race, while use of costly health care services was associated 
with preferring a language other than English and receiv-
ing high numbers of unique medications. Future research 
should focus on ways of improving medication adherence to 
chronic disease therapies among participants in charitable 
pharmacy assistance programs, especially those who have 
therapeutically complex conditions and those who belong 
to minority groups. Future research should also assess the 
long-term viability of such programs to ensure that they 
can continue to provide quality pharmacy services to low-
income uninsured patient populations.  

Andrew W. Roberts, PharmD doctoral candidate, Division of 
Pharmaceutical Outcomes and Policy, UNC Eshelman School of 
Pharmacy, University of North Carolina at Chapel Hill; postdoctoral fel-
low, Cecil G. Sheps Center for Health Services Research, University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina.
Ginny D. Crisp, PharmD clinical specialist, Department of Pharmacy, 
University of North Carolina Hospitals and Clinics; assistant professor,  

Division of Pharmacy Practice and Experiential Education, UNC 
Eshelman School of Pharmacy, University of North Carolina at Chapel 
Hill, Chapel Hill, North Carolina.
Denise A. Esserman, PhD associate professor, Department of 
Biostatistics, Yale School of Public Health, Yale University, New Haven, 
Connecticut. 
Mary T. Roth, PharmD, MHS associate professor, Division of 
Pharmaceutical Outcomes and Policy, UNC Eshelman School of 
Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill, North 
Carolina.
Morris Weinberger, PhD distinguished professor, Department of 
Health Policy and Management, UNC Gillings School of Public Health, 
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina; 
senior research career scientist, Durham VAMC Center for Health 
Services Research, Durham, North Carolina.
Joel F. Farley, PhD associate professor, Division of Pharmaceutical 
Outcomes and Policy, UNC Eshelman School of Pharmacy, University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina.

Acknowledgments
Financial support. This project was supported by Award Number 

ULTR000083 from the National Center for Advancing Translational 
Sciences. The content is solely the responsibility of the authors and does 
not necessarily represent the official views of the National Center for 
Advancing Translational Sciences or the National Institutes of Health.

A.W.R. is partially supported by a National Research Service Award 
Post-Doctoral Traineeship from the Agency for Health Care Research 
and Quality sponsored by the Cecil G. Sheps Center for Health Services 
Research, University of North Carolina at Chapel Hill, Grant No. 
5T32HS000032.

Potential conflicts of interest. J.F.F. has received consulting sup-
port from Novartis Pharmaceuticals and Daiichi-Sankyo for unrelated 
research projects. G.D.C. is an employee of UNC Hospital and is affili-
ated with the UNC Pharmacy Assistance Program. All other authors 
have no relevant conflicts of interest.

References
1.	 Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 

2005;353(5):487-497.
2.	 DiMatteo MR. Variations in patients’ adherence to medical recom-

mendations: a quantitative review of 50 years of research. Med 
Care. 2004;42(3):200-209.

3.	 Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medi-
cation adherence on hospitalization risk and healthcare cost. Med 
Care. 2005;43(6):521-530.

4.	 Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J.  
Long-term persistence in use of statin therapy in elderly patients. 
JAMA. 2002;288(4):455-461.

5.	 Choudhry NK, Setoguchi S, Levin R, Winkelmayer WC, Shrank WH. 
Trends in adherence to secondary prevention medications in elderly 
post-myocardial infarction patients. Pharmacoepidemiol Drug Saf. 
2008;17(12):1189-1196.

6.	 Perreault S, Ellia L, Dragomir A, et al. Effect of statin adherence 
on cerebrovascular disease in primary prevention. Am J Med. 
2009;122(7):647-655.

7.	 Shalev V, Chodick G, Silber H, Kokia E, Jan J, Heymann AD. Con-
tinuation of statin treatment and all-cause mortality: a population-
based cohort study. Arch Intern Med. 2009;169(3):260-268.

8.	 Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of medication nonad-
herence on hospitalization and mortality among patients with dia-
betes mellitus. Arch Intern Med. 2006;166(17):1836-1841.

9.	 Piette JD, Wagner TH, Potter MB, Schillinger D. Health insurance 
status, cost-related medication underuse, and outcomes among dia-
betes patients in three systems of care. Med Care. 2004;42(2):102-
109.

10.	Salas M, Hughes D, Zuluaga A, Vardeva K, Lebmeier M. Costs of 
medication nonadherence in patients with diabetes mellitus: a sys-
tematic review and critical analysis of the literature. Value Health. 
2009;12(6):915-922.

11.	 Mazzaglia G, Ambrosioni E, Alacqua M, et al. Adherence to antihy-
pertensive medications and cardiovascular morbidity among newly 
diagnosed hypertensive patients. Circulation. 2009;120(16):1598-
1605.



NCMJ vol. 75, no. 5
ncmedicaljournal.com

318

12.	 Perreault S, Dragomir A, White M, Lalonde L, Blais L, Bérard A. 
Better adherence to antihypertensive agents and risk reduction of 
chronic heart failure. J Intern Med. 2009;266(2):207-218.

13.	 Roy L, White-Guay B, Dorais M, Dragomir A, Lessard M, Perreault 
S. Adherence to antihypertensive agents improves risk reduction of 
end-stage renal disease. Kidney Int. 2013;84(3):570-577.

14.	Stroupe KT, Teal EY, Tu W, Weiner M, Murray MD. Association of 
refill adherence and health care use among adults with hypertension 
in an urban health care system. Pharmacotherapy. 2006;26(6):779-
789.

15.	 Simpson SH, Eurich DT, Majumdar SR, et al. A meta-analysis of the 
association between adherence to drug therapy and mortality. BMJ. 
2006;333(7557):15.

16.	 Choudhry NK, Avorn J, Glynn RJ, et al. Full coverage for pre-
ventive medications after myocardial infarction. N Engl J Med. 
2011;365(22):2088-2097.

17.	 Ellis JJ, Erickson SR, Stevenson JG, Bernstein SJ, Stiles RA, Fen-
drick AM. Suboptimal statin adherence and discontinuation in 
primary and secondary prevention populations. J Gen Intern Med. 
2004;19(6):638-645.

18.	 Goldman DP, Joyce GF, Zheng Y. Prescription drug cost sharing: as-
sociations with medication and medical utilization and spending 
and health. JAMA. 2007;298(1):61-69.

19.	 Rector TS, Venus PJ. Do drug benefits help Medicare beneficiaries 
afford prescribed drugs? Health Aff (Millwood). 2004;23(4):213-
222.

20.	Piette JD, Rosland AM, Silveira MJ, Hayward R, McHorney CA. 
Medication cost problems among chronically ill adults in the US: did 
the financial crisis make a bad situation even worse? Patient Prefer 
Adherence. 2011;5:187-194. doi:10.2147/PPA.S17363.

21.	 Wilson J, Axelsen K, Tang S. Medicaid prescription drug access re-
strictions: exploring the effect on patient persistence with hyperten-
sion medications. Am J Manag Care. 2005;11(Spec No):SP27-SP34. 

http://www.ajmc.com/publications/issue/2005/2005-01-vol11 
-n1SP/Jan05-1984pSP027-SP03/. Accessed July 21, 2014.

22.	Soumerai SB, Pierre-Jacques M, Zhang F, et al. Cost-related medica-
tion nonadherence among elderly and disabled Medicare beneficia-
ries: a national survey 1 year before the Medicare drug benefit. Arch 
Intern Med. 2006;166(17):1829-1835.

23.	Madden JM, Graves AJ, Zhang F, et al. Cost-related medication non-
adherence and spending on basic needs following implementation 
of Medicare Part D. JAMA. 2008;299(16):1922-1928.

24.	McWilliams JM, Zaslavsky AM, Huskamp HA. Implementation of 
Medicare Part D and nondrug medical spending for elderly adults 
with limited prior drug coverage. JAMA. 2011;306(4):402-409.

25.	The Henry J. Kaiser Family Foundation. Status of state action on 
the Medicaid expansion decision, 2014. Kaiser Family Foundation 
Web site. http://kff.org/medicaid/state-indicator/state-activity-
around-expanding-medicaid-under-the-affordable-care-act/. Up-
dated June 14, 2014. Accessed July 21, 2014.

26.	Rudd P. Compliance with antihypertensive therapy: a shifting para-
digm. Cardiol Rev. 1994;2:230-240.

27.	 Insull W. The problem of compliance to cholesterol altering therapy. 
J Intern Med. 1997;241(4):317-325.

28.	North Carolina Department of Commerce. 2013 county tier designa-
tions. http://www.nccommerce.com/research-publications/incen 
tive-reports/2013-county-tier-designations. Accessed July 21, 2014.

29.	Stata [computer program]. Version 11.2. College Station, TX: Stata-
Corp; 2009.

30.	The Henry J. Kaiser Family Foundation. How will the uninsured in 
North Carolina fare under the Affordable Care Act? Kaiser Family 
Foundation Web site. http://kff.org/health-reform/fact-sheet/state 
-profiles-uninsured-under-aca-north-carolina/. January 6, 2014. 
Accessed July 21, 2014.

31.	 Ray WA. Evaluating medication effects outside of clinical trials: 
new-user designs. Am J Epidemiol. 2003;158(9):915-920.


