
Original Research 

©2013 Marshfield Clinic Research Foundation 

Patient Characteristics Associated with 
Medication Adherence 

 

Sharon J Rolnick, PhD, MPH; Pamala A. Pawloski, PharmD; Brita D. Hedblom, BS;  
Stephen E. Asche, MA; and Richard J. Bruzek, PharmD 

 

Running Head: Patient Traits and Drug Adherence 
 
 
Word count: 285 abstract; 3136 text; 39 references; 3 tables; 1 figure; 1 appendix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding Author: 
Sharon J. Rolnick, PhD, MPH Received: July 25, 2012 
HealthPartners Research Foundation Revised: November 16, 2012 
8170 33rd Ave. S. Accepted: January 9, 2013 
MS 21111R 
Bloomington, MN 55425 doi: 10.3121/cmr.2013.1113 
Tel: 952-967-5016 
Fax: 952-967-5022  
Email: Cheri.J.Rolnick@healthpartners.com and 
cheri747@gmail.com 
 
Grant support: This study was funded by Novartis Pharmaceuticals Corporation, East Hanover, NJ. The proposal 
was developed and conducted by HealthPartners Research Foundation. There are no conflicts of interest for any 
of the authors, nor have there been in the past. 
 

 

 . Published online ahead of print April 11, 2013 as doi:10.3121/cmr.2013.1113Rapid ReleaseCM&R 

 Copyright 2013 by Marshfield Clinic.



Rolnick et al.  doi:10.3121/cmr.2013.1113 

Patient trials and drug adherence  Page 2 

©2013 Marshfield Clinic Research Foundation 

Abstract  

Objective: Despite evidence indicating therapeutic benefit for adhering to a prescribed 

regimen, many patients do not take their medications as prescribed. Non-adherence often leads 

to morbidity and to higher health care costs. The objective of the study was to assess patient 

characteristics associated with medication adherence across eight diseases. 

Design: Retrospective data from a repository within an integrated health system was used to 

identify patients >18 with ICD-9-CM codes for primary or secondary diagnoses for any of eight 

conditions (depression, hypertension, hyperlipidemia, diabetes, asthma or chronic obstructive 

pulmonary disease, multiple sclerosis, cancer, or osteoporosis). Electronic pharmacy data was 

then obtained for 128 medications used for treatment. 

Methods: Medication possession ratios (MPR) were calculated for those with one condition 

and one drug (n=15,334) and then for the total population having any of the eight diseases 

(n=31, 636).The proportion of patients adherent (MPR>80%) was summarized by patient and 

living-area (census) characteristics. Bivariate associations between drug adherence and patient 

characteristics (age, sex, race, education, and comorbidity) were tested using contingency tables 

and chi-square tests. Logistic regression analysis examined predictors of adherence from patient 

and living area characteristics. 

Results: Medication adherence for those with one condition was higher in males, Caucasians, 

older patients, and those living in areas with higher education rates and higher income. In the 

total population, adherence increased with lower comorbidity and increased number of 

medications. Substantial variation in adherence was found by condition with the lowest 

adherence for diabetes (51%) and asthma (33%).  
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Conclusions: The expectation of high adherence due to a covered pharmacy benefit, and to 

enhanced medication access did not hold. Differences in medication adherence were found 

across condition and by patient characteristics. Great room for improvement remains, 

specifically for diabetes and asthma. 

Keywords: Medication Adherence; Patient Compliance; Pharmacy Benefits 
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he lack of adherence to prescribed medication is an important health challenge. 

Despite evidence indicating the therapeutic benefit for adhering to a prescribed 

regimen, many patients do not take medications as prescribed. Several studies have 

been conducted examining medication adherence for various conditions, and adherence has 

consistently been found to be suboptimal.1-7 Failure to take medication as prescribed increases 

the risk that patients will not get the intended benefit, often leading to negative sequelae.3,8-12 

Further, not adhering to one’s prescribed medications is likely to result in higher healthcare costs 

overall.10 Thus, understanding factors associated with maintaining one’s medication regimen is 

important to patients, providers, and health plans.  

 

External factors such as cost and access to the needed medication play a role in non-adherence. 

However, within our integrated health care system, where most patients have access to care, a 

covered pharmacy benefit, and easy access to pharmacies, one might expect a lower rate of non-

adherence than in the general population. Pharmacies are available in all clinics owned by the 

medical group. In addition, phone-in, mail order, and internet prescription refill options allow 

patients the ability to order medications 24 hours a day. Nevertheless, the health system has 

identified non-adherence as a major area of concern.  

 

While the literature has reported some evidence of variation of adherence by age, race, co-

morbidity status, and socioeconomic status (SES) (higher adherence in those older, white, lower 

co-morbidity, and higher SES),8,9,13-17 the majority of studies conducted have examined 

adherence within a given disease state. Few have examined adherence across multiple conditions 

to determine whether associations between adherence and patient characteristics are consistent. 

T 
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Such information could be helpful in health systems such as ours to develop focused 

interventions. Therefore, to increase the understanding of medication adherence in our 

population, we examined adherence across multiple health conditions, examining associated 

patient and drug-related characteristics. The purpose of this paper is to report on the patient 

characteristics associated with adherence within this large integrated health system. 

 

Methods  

Study Sample 

This study was conducted within a large, Midwestern, integrated health system serving over 

750,000 patients. The study sample was comprised of all patients age 18 and over with at least 

one of eight medical conditions that included asthma/chronic obstructive pulmonary disease 

(COPD), cancer, depression, diabetes, hypercholesterolemia, hypertension, multiple sclerosis 

(MS), or osteoporosis. The conditions selected represented the most prevalent conditions treated. 

It also included conditions with both low cost and high cost medication and conditions where 

most care is delivered through primary care, as well as conditions treated primarily through 

specialty care. To be eligible, patients were required to have a 12-month (allowing for an 

additional 15 days) record of prescription coverage and a minimum of two prescription fills for 

the medication used to treat one of the above-mentioned conditions.  

 

Patients within the health system have a pharmacy benefit that is included in their health 

coverage. While medications are readily available at in-clinic pharmacies and through the health 

plan owned mail order pharmacy, patients can fill prescriptions at local pharmacies. The data 
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associated with these fills is captured in the health system’s claims database and approximately 

one-third of our patients choose to use local pharmacies.  

 

Data Source 

Patient adherence for each medication was tracked for one year (+ 15 days) using the most 

current information available during the study period of 1/1/2007-3/31/2009. Data on diagnoses 

for a given individual was linked to medication associated with that diagnosis using both the 

electronic medical record (EMR) and the pharmacy administrative database to ensure that 

prescriptions corresponded to the condition. The diagnosis had to occur within 24 months prior 

to the associated prescription order. A minimum of two prescription fills of at least a 28-day 

supply were required to enable us to calculate adherence and to eliminate any medications that 

may have been intended for an acute situation. We recognized that those who stop medication 

after a one time use would be excluded but wanted to focus on adherence patterns in patients 

attempting to take a medication chronically.  

 

International Classification of Diseases, Ninth Revision Clinical Modification (ICD-9-CM) 

codes were used to identify patient encounters with a primary or secondary diagnosis for any of 

the eight diseases of interest. The health plan’s data repository includes medical encounters and 

pharmacy utilization data stored in a relational database that is updated monthly. Prescription 

order data was obtained using generic product identifier (GPI) codes (Master Drug Data Base 

v2.0, Medi-Span, Indianapolis, IN) for 128 medications used to treat the conditions enumerated 

(Appendix A). Clinical data points (gender, age, country of origin, language, race) were 

extracted electronically from the EMR reporting system (Epic Systems Corporation, EpicCare 
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Ambulatory EMR, Madison, WI). Drug records were examined for each drug to create a final 

data set for adherence calculations.  

 

Calculation of Medication Adherence  

To calculate adherence, we utilized the Medication Possession Ratio (MPR) and a cut-point of 

80%, a commonly used calculation in health research and supported by the International Society 

for Pharmaceutical and Outcomes Research.10,18-24 Adherence was calculated for each 

medication a patient was taking. The days’ supply for the last refill was not included in the 

adherence calculation. The number of days of study participation was determined by subtracting 

the first fill date from the last fill date within a 12 month (+ 15 day) period.18 

 

Once we had computed a continuous measure of MPR, we computed a binary indicator of 

adherence. For this binary measure we required an MPR >0.80 (a cut point of 80% or above 

required for a patient to be considered adherent). If the MPR was <0.80, the patient was 

considered non-adherent. Medication adherence was calculated individually for each patient for 

each medication and for each disease. Patients on more than one medication for a single disease 

were evaluated for each individual medication and deemed non-adherent to their regimen if they 

did not achieve the 80% level for any prescribed medications.  

 

Data Sources and Variables  

Age (categorized by decade) and race were obtained for all study subjects from clinical records 

located within the EMR. Co-morbidity was measured by a count of Charlson (0, 1, 2, 3+) co-

morbid conditions using two primary or secondary diagnosis codes located within the EMR 
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within the study period. This count of Charlson conditions considers many conditions beyond the 

eight conditions under study. Because patient-level measures of SES were not available, we used 

proxy measures.25 Each patient’s address at the date of first prescription fill (or most recent 

address) was geo-coded and linked to block, tract, or zip-code level 2000 U.S. census data. 

Patient living area variables from the census that were used as proxies for patient SES included 

percentage of adults 25+ with a high school education, percentage of individuals living in 

poverty, and median family income. These census variables were summarized in quartiles.  

 

Analysis  

To illustrate the distribution of MPR values within each condition, MPRs were plotted for 

patients having one condition and on one drug. The proportion of patients adherent (MPR >80%) 

to their medications was summarized by patient and living-area (census) characteristics. 

Bivariate associations between drug adherence and patient and living area characteristics were 

examined and tested using contingency tables and chi-square tests to allow for the possibility of 

nonlinear patterns in multi-category variables. These summaries were computed using the 

population of patients who had only one of the eight conditions who also received only one 

medication for their single condition (n=15,334). This enabled examination of data with the least 

confounded population. The analyses were then repeated on the total population of patients 

(those with any number of the eight conditions under study), and any number of medications for 

those conditions (n=31,636). The data from this larger group of patients was also used in 

unconditional logistic regression analysis to examine predictors of adherence from the set of 

patient and living area characteristics.  
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We examined data for patients with diabetes both including and excluding those who take 

insulin-only for treatment. For purposes of this paper, we included all diabetes patients. For 

asthma patients we included those on chronic medications, as we could not track medications 

used only “as needed”. 

 

Separate regression equations were computed by condition. Variables included in each 

regression equation included gender, race, age group, proportion of adults in living area with a 

high school education, median income of families in the living area, count of Charlson 

conditions, and number of prescribed drugs. The proportion of residents living in poverty and 

number of conditions were not included in these models due to their conceptual and empirical 

overlap with other variables. The sample size for each model is restricted to those who have the 

full set of non-missing covariates. Statistical significance is tested at the alpha= 0.05 level and 

there was no adjustment for multiple tests. Institutional Review Board (IRB) approval was 

granted for the conduct of this study.  

 

Results 

Patient Demographics 

Table 1 presents characteristics of both underlying patient populations (single condition and total 

population). Patients were predominantly female (60.8%), white (82%). and nearly half were 

ages 50 to 69. Co-morbidities were relatively similar in both groups (77% single condition and 

65% total population) with a Charlson comborbidity count of 0. In the total population 

(n=31,636), 65% had only one of the eight conditions, and 49% were on one drug. Of the eight 
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conditions studied, the three conditions affecting the most people were hypertension, depression, 

and hyperlipidemia. 

 

Adherence by Condition 

Within the 15,334 patient group, substantial variation in MPR was found by condition. 

Hypertension, hyperlipidemia, osteoporosis, MS, and cancer had greater than 75% of patients 

considered adherent. Adherence rates for depression (62%), diabetes (51%), and asthma/COPD 

(33%) fell well below the 80% MPR threshold. This variation by condition was true for the total 

population as well, ranging from 32% to 75%. Figure 1 presents the distribution of MPR values 

for patients having one condition on one drug. The center of each circle on the bubble plot 

provides the MPR value. The area of each circle is proportional to the number of patients with 

each integer MPR value, and therefore, the extent of the circle does not signify MPR values 

>1.The conditions are ordered left-to-right by descending median MPR.  

 

Adherence By Patient Characteristics  

After examining adherence by condition, we then examined patterns of overall drug adherence 

by patient characteristics, within each specific condition. We did this for those with a single 

condition and then for those with multiple conditions. As findings for both groups were similar, 

we are presenting results for the total population (table 2).  

 

Overall, adherence rates were higher for those living in higher SES areas and for whites. Those 

in the lowest quartile of the living area variables (education, poverty, income) had lower drug 

adherence than those in other quartiles. When dividing age into quartiles, those in the lowest age 
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quartile had the lowest adherence rates. Where differences by sex were found (hypertension, 

diabetes, and hyperlipidemia), men had higher adherence rates than women. For three of eight 

conditions (hypertension, depression, hyperlipidemia) increasing comorbidity was associated 

with lower adherence. Further, for six of eight conditions, adherence was higher in those with 

fewer conditions and on fewer drugs.  

 

The patterns of associations from the logistic regression models (table 3) matched those of the 

bivariate results for gender, race, and age. However, in the regression models the census variable 

for high school education was not related to adherence. Adherence was also not related to 

median income among those with diabetes, or comorbidity or number of medications among 

those with asthma/COPD.  

 

Discussion  

The issue of adherence to medication is a growing concern. The World Health Organization 

identified it as adding to the burden of disease,11,26 and Carolyn M. Clancy, MD, director of the 

Agency for Healthcare Research and Quality has declared “Medication adherence is America's 

new drug problem".12 Further as the population ages and faces more chronic conditions, 

maintaining essential treatments is likely to be an increasing concern.  

 

To address this issue, we conducted a study that examined adherence for eight conditions using 

patients with prescription coverage drawn from a large integrated health system. This allowed 

comparisons of adherence rates across conditions as well as an examination of patterns of 

correlates with adherence across conditions. What we found was relatively consistent with those 
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who have reported on studies focusing on single conditions. First, as most others, we found that 

adherence was not optimal.1-7 We also found, as others have reported, lower adherence in 

minorities, those with lower SES, multiple conditions, taking multiple drugs, and multiple 

dosing.27,28 While five of the eight conditions studied found 75% of patients adherent ( MPRs 

>0.80), higher than adherence rates reported by others, there remains room for improvement.12 In 

an examination of randomized controlled trials of interventions for enhancing adherence, Haynes 

and colleagues29 found that less than half of prescribed doses were taken by people prescribed 

self-administered medications. In another by Rasmussen,30 focusing on lipid-lowering drugs, the 

rate of discontinuation was 38% after one year. In patients with hypertension, non-compliance to 

treatment ran between 15% to 54%.31 Others have cited rates between 18% to 80%.32,33 Lafata, et 

al34 conducted a retrospective cohort study to measure adherence over a 24-month period among 

patients in a setting much like our own. Using pharmacy claims to estimate MPRs, they found 

43% of patients not maintaining their regimens after 14 months.34 In another study examining 

drug therapies for osteoporosis, overall adherence was 52%.35  

 

A more recent study compared adherence and persistence across six chronic medication 

classes.11 The investigators found adherence decreased with increasing age. The authors 

recommended focusing quality improvement efforts where non-adherence was found to be most 

costly.11 While our focus was not on the same conditions or outcomes, we also believe it is 

essential to focus efforts on those conditions with the poorest adherence. In our integrated health 

system the conditions with the poorest adherence and biggest need for improvement were asthma 

(33%) and diabetes (51%). We also have clear evidence of patient characteristics shown to be 
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associated with non-adherence. There are several potential areas to target for interventions from 

prescribing and nurse/patient education in the clinic to reminders from the pharmacy. 

 

Minorities were consistently less adherent. This may be secondary to drug-related issues. 

Language barriers and cultural beliefs should be explored further to better understand their role 

in adherence. Generally, where differences were found by sex, it was most often men who were 

more adherent. It may be that women, who are frequently the primary care-givers, spend less 

time and energy taking care of themselves. Patient education surrounding the importance of 

continuing needed medication may be worthy in our female population. Similarly, taking extra 

time with those on multiple medications, where adherence was lower, to ensure patients 

understand the importance of not treating one condition at the detriment of another, is essential. 

We hypothesized that having readily available pharmacies in our medical clinics would result in 

better adherence than had been reported by others, but we found that this alone did not make the 

health system immune to non-adherence.  

 

Limitations and Strengths  

This study was conducted in a single health system, thus results may not be generalizable to all 

systems. However, the patterns of adherence were quite similar to what others have reported. 

Secondly, we assumed that obtaining a prescription was equivalent to actually taking the 

medication. Thus, we may be presenting a more optimistic assessment than what is actually true. 

There are multiple approaches to measuring medication adherence, and some might suggest that 

a different approach may be preferable. Hess, in comparing methods found all provided similar 

values.18 Further, it was the method most used by others with databases similar to ours. While 
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some have questioned the validity of using a cut-point of MPR of 80, the cut-point is a common 

approach and served our purposes.18 Our intention was not to determine optimal clinical cut-

points, rather, it was to assess which chronic conditions require the most immediate intervention 

efforts. Our study provided essential evidence that more work needs to be done to encourage 

patients to take their prescribed medications and allowed us to identify the two conditions most 

in need of attention. 

 

Our decision to include all diabetes patients may be questioned by some. Researchers have 

included insulin-only users36,37 and excluded them.38 Some have used an adjusted MPR 

(multiplying by a factor of 1.5).39 We examined the data in all manners for these individuals, and 

all results (51%-60% adherent), regardless of approach, indicated a need to boost adherence.  

 

Another limitation was our use of contextual variables as a proxy for SES rather than using 

patient-level variables. We did not have direct access to such data and felt the proxy could 

provide needed insight.25  

 

Our exclusion criteria of omitting those whose prescriptions were for less than 28 days excluded 

slightly over 7% of the prescriptions, but we did not want to include those that may have been 

prescribed short-term treatment. More importantly, we eliminated those who were on a given 

medication for less than one year from our analyses. We did this to ensure we did not categorize 

anyone whose initial therapy did not work for them as non-adherent. Our goal was to focus on 

adherence patterns in patients attempting to take medications chronically. Our analysis presented 
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the best case scenario for our health plan and still evidenced conditions where intervention is 

sorely needed.  

 

There was also concern about not obtaining full information on patients obtaining $4 generic 

medications. Understanding the robustness of our pharmacy data has resulted in our pharmacy 

division monitoring what appears in our claims data and the level of potentially missing data. 

Through internal, unpublished analysis, we have determined the various incentives programs 

have had small impact on the fills data within our health plan.  

 

Despite the limitations, we believe we were able to obtain comprehensive records on both 

diagnoses and pharmacy data on a large number of patients and carefully track drug usage across 

multiple conditions. The findings have provided direction to the health plan on conditions 

warranting special attention. Efforts are currently being focused on asthma and diabetes patients 

(where adherence was the lowest). Both providers and pharmacists have been encouraged to 

stress the importance of patients taking their medications as prescribed. Pill containers are being 

offered to serve as reminders and the pharmacy division is looking at alternative ways to package 

medications for those on many and complicated regimens. In addition, extra efforts are being 

made for minority patients, especially our immigrant populations, to be certain they understand 

the benefits of the medications being prescribed  

 

Conclusion  

This study assessing medication adherence across eight diseases found variable adherence rates 

by condition and some conditions where rates were extremely low. In a population with 
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prescription coverage offering multiple avenues with which to obtain medications, the findings 

pointed to the need to consider additional efforts to boost adherence rates. Further, the 

identification of patient characteristics associated with lower adherence has provided direction to 

begin to focus our efforts.  
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Table 1. Sample characteristics for those with a single condition and one medication (n=15334) 
and the total population: those with 1 or more conditions and any number of medications 
(n=31636). 
 % Patients with One 

Condition (n=15334) 
n (%) 

% Total Patients (One or More 
Conditions or Meds) (n=31636) 

n (%) 

Female  9319 (60.8) 18955 (59.9) 
Race/ethnicity   
White 12673( 82.7) 26321 (83.2) 
Black 867 (5.7) 1895 (6.0) 
Asian 421 (2.8) 886 (2.8) 
Hispanic 252 (1.6) 484 (1.5) 
American Indian 89 (0.6) 230 (0.7) 
Other 104 (0.7) 230 (0.7) 
No answer 928 (6.1) 1590 (5.0) 

Age   
18-29 823 (5.4) 994 (3.1) 
30-39 1370 (8.9) 1765 (5.6) 
40-49 2457 (16.0) 3814 (12.1) 
50-59 3998 (26.1) 7370 (23.3) 
60-69 3172 (20.7) 7071 (22.4) 
70-79 1858 (12.1) 5541 (17.5) 
80-89 1412 (9.2) 4385 (13.9) 
90+ 244 (1.6) 696 (2.2) 

Charlson Comorbid Condition Count  
0 11869 (77.4) 20570 (65.0) 
1 2337 (15.2) 7023 (22.2) 
2 823 (5.4) 2722 (8.6) 
3+ 305 (2.0) 1321 (4.2) 

Condition (sum >100%)   
Hypertension 5505 (35.9) 18289 (57.8) 
Depression 4349 (28.4) 8067 (25.5) 
Hyperlipidemia 2744 (17.9) 9986 (31.6) 
Asthma/COPD 1012 (6.6) 2672 (8.4) 
Diabetes 842 (5.5) 4361 (14.6) 
Osteoporosis 551 (3.6) 1756 (5.6) 
Cancer 250 (1.6) 1106 (3.5) 
Multiple Sclerosis 81 (0.5) 117 (0.4) 

Number of conditions   
1 15334 (100.0) 20390 (64.5) 
2 0 8075 (25.5) 
3 0 2658 (8.4) 
4 0 463 (1.5) 
5 0 42 (0.1) 
6 0 8 (0.03) 

Number of drugs   
1 15,334 (100.0) 15429 (48.8) 
2 0 7946 (25.1) 
3 0 4249 (13.4) 
4 0 2228 (7.0) 
5+ 0 1784 (5.6) 

Abbreviations: COPD, chronic obstructive pulmonary disease 
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Table 2. Binary drug adherence (MPR >=80%) by patient characteristics, within condition (n=31,636). Percentage with medication possession ratio >=80% on 

ALL drugs.  
 Hypertension 

% adherent 
n=18289 

Depression 
% adherent 

n=8067 

Hyperlipidemia 
% adherent 

n=9986 

Asthma/COPD 
% adherent 

n=2672 

Diabetes 
% adherent 

n=4631 

Osteoporosis 
% adherent 

n=1756 

Cancer 
% adherent 

n=1106 

MS 
% adherent 

n=117 

Female  68.8* 58.0 67.7‡ 32.2 50.2† 65.1 69.2 76.6 
Male 70.5 59.7 70.8 31.0 54.9 61.7 61.0 69.6 
Race/ethnicity         

White 72.4‡ 59.7‡ 71.6‡ 33.2† 56.0‡ 67.9‡ 68.0 Sparse 
Black 47.0 38.4 42.0 18.4 36.1 31.4 56.5  
Asian 57.8 47.2 56.8 29.5 43.5 48.6 -  
Hispanic 56.9 46.5 56.9 15.6 47.5 - -  
American 
Indian 

54.0 49.4 51.5 21.7 41.2 - -  

Other 57.1 44.2 55.8 21.7 44.4 53.9 71.9  
Age         

18-49 57.6‡ 54.7‡ 55.7‡ 24.2‡ 36.9‡ 29.6‡ 71.0 Sparse 
50-59 69.6 62.3 68.5 33.1 51.8 65.9 67.9  
60-69 72.6 60.4 73.1 31.2 57.2 63.4 68.2  
70+ 70.5 60.6 69.8 38.5 56.9 66.8 67.9  

% of adults age 25 and older with a high school education     
0%–87% 64.3‡ 55.6† 64.3‡ 31.0 48.3† 60.1† 63.8 Sparse 
>87%–93% 69.6 58.7 69.0 33.4 53.9 67.3 66.5  
>93%–96% 71.4 59.0 70.9 30.6 55.3 62.1 68.4  
>96%–100% 74.0 61.0 73.0 31.6 54.6 70.0 73.8  

% of individuals in living area below poverty      
0%–1.5% 73.4‡ 60.4* 73.3‡ 34.2 55.8‡ 69.1* 72.9 64.7 
>1.5%–3.5% 72.2 60.3 71.8 31.2 56.2 66.5 68.3 85.2 
>3.5–7.5% 70.0 58.0 68.3 30.8 52.9 64.9 66.4 82.4 

>7.5% 64.0 56.1 64.1 31.0 47.8 60.6 65.3 71.4 
Median income of families in the living area      

$0–53K 63.5‡ 53.8‡ 63.6‡ 30.9 47.8‡ 57.8‡ 62.8* 69.6 
>$53-65K 69.7 58.3 69.2 34.4 54.4 69.8 65.7 66.7 
>$65-78K 72.2 60.7 71.5 30.3 54.1 61.6 70.3 90.3 
>$78K 74.4 62.0 73.1 31.2 56.4 71.0 73.3 74.3 

Charlson Comborbid Count        
0 74.2‡ 60.7‡ 74.7‡ 29.3* 53.0‡ 68.9‡ 72.3‡ Sparse 
1 65.4 51.9 64.3 34.8 57.0 57.5 59.2  
2 59.5 50.7 58.2 34.3 43.8 59.4 72.7  
3+ 55.2 44.2 58.1 27.8 46.0 41.3 53.5  

Number of Conditions        
1 76.6‡ 61.5‡ 77.9‡ 31.6 50.1‡ 73.8‡ 79.3† 84.0* 
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2 67.4 56.2 72.2 33.0 56.2 65.3 71.7 55.5 
3 54.7 52.1 56.9 31.3 53.8 59.4 62.3 - 
4–6 41.6 38.0 42.6 29.6 37.4 47.6 51.6 - 

Drugs         
1 77.6‡ 62.8‡ 78.2‡ 33.3 52.0† 74.8‡ 79.7‡ 84.0* 
2 74.0 56.6 73.5 33.3 57.2 68.7 78.1 55.5 
3 65.3 53.6 68.3 28.9 52.9 61.7 64.5 - 
4 59.6 49.9 61.1 30.3 53.3 57.8 59.8 - 
5+ 50.7 44.4 52.9 29.1 47.8 43.5 46.4 - 

(Note: people can be in multiple columns if they have multiple conditions.) 
*P<.05  **P<.01  ***P<.001 Pearson chi-square 
N=20/row min for reporting. 
Abbreviations: COPD, chronic obstructive pulmonary disease; MS, multiple sclerosis 
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Table 3. Logistic regression analysis: predicting adherence to all drugs, within condition. 
 Hypertension  

% adherent 
N=17280 

Depression 
% adherent 

N=7550 

Hyperlipidemia 
% adherent 

N=9421 

Asthma/COPD 
% adherent 

N=2481 

Diabetes 
% adherent 

N=4283 

Osteoporosis 
% adherent 

N=1669 

Cancer 
% adherent 

N=1048 

Female vs male 0.89† 
(0.84-0.96) 

0.90 
(0.81-1.00) 

0.84† 
(0.77-0.93) 

1.02 
(0.85-1.22 

0.82† 
(0.72-0.93) 

1.06 
(0.68-1.66) 

1.23 
(0.82-1.85) 

Race white vs nonwhite 2.16‡ 
(1.95-2.38) 

1.73‡ 
(1.45-2.06) 

2.03*** 
(1.75-2.35) 

1.76‡ 
(1.29-2.40) 

1.66‡ 
(1.41-1.95) 

2.18‡ 
(1.57-3.03) 

0.71 
(0.37-1.38) 

Age        
50-59 vs. 18-49 1.67‡ 

(1.47-1.89) 
1.53‡ 

(1.36-1.72) 
1.79‡ 

(1.50-2.13) 
1.51† 

(1.17-1.94) 
1.82‡ 

(1.49-2.24) 
4.12‡ 

(1.94-8.76) 
0.85 

(0.44-1.66) 
60-69 vs. 18-49 2.07‡ 

(1.82-2.35) 
1.64‡ 

(1.42-1.89) 
2.41‡ 

(2.03-2.86) 
1.53† 

(1.17-2.00) 
2.47‡ 

(2.01-3.04) 
4.24‡ 

(2.05-8.77) 
1.15 

(0.60-2.21) 
70+ vs. 18-49 1.99‡ 

(1.77-2.24) 
1.93‡ 

(1.66-2.26) 
2.40‡ 

(2.03-2.84) 
2.30‡ 

(1.78-2.96) 
2.56‡ 

(2.10-3.13) 
6.53‡ 

(3.19-13.35) 
1.37 

(0.74-2.55) 
% of adults in living area age 
25 and older with a high school 
education 

1.00 
(0.99-1.01) 

1.00 
(0.99-1.01) 

1.00 
(1.00-1.01) 

1.00 
(0.98-1.01) 

1.00 
(0.99-1.01) 

1.00 
(0.98-1.01) 

0.99 
(0.97-1.02) 

Median income of families in 
the living area (10Ks) 

1.04‡ 
(1.02-1.07) 

1.05† 
(1.01-1.08) 

1.04* 
(1.01-1.07) 

0.99 
0.94-1.05) 

1.04 
(0.99-1.08) 

1.09* 
(1.02-1.17) 

1.09 
0.99-1.20 

Charlson Comorbid Count 0.85‡ 
(0.82-0.88) 

0.89‡ 
(0.84-0.95) 

0.85‡ 
(0.81-0.89) 

0.99 
(0.92-1.08) 

0.84‡ 
(0.79-0.89) 

0.88* 
(0.78-0.98) 

0.90* 
0.83-0.99 

Number of Drugs 0.77‡ 
(0.75-0.79) 

0.81‡ 
(0.78-0.84) 

0.80‡ 
(0.78-0.82) 

0.88‡ 
(0.83-0.94) 

0.91‡ 
(0.88-0.95) 

0.75‡ 
(0.70-0.81) 

0.71‡ 
0.65-0.77 

C statistic 0.66 0.61 0.66 0.60 0.63 0.68 0.66 
Odds ratio and 95%CI for odds ratio reported in table 
* p<.05 †p<.01 ‡p<.001  

    

Abbreviations: COPD, chronic obstructive pulmonary disease      
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Figure Legend  

Figure 1. Distribution of medication possession ratios for eight conditions among 15334 patients with one condition and one 

medication (Bubble area is proportional to sample size. Median MPR indicated by horizontal bar.) 
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Appendix A. Oral Prescription Medications 

Disease Medication Category 

Antihyperlipidemic Agents Natural hmg coa reductase inhibitors 

 Niacin  

 Hmg coa reductase inhibitor combination 

 Hmg coa reductase inhibitors 

 Bile acid sequestrants 

 Fibric acid derivatives 

 Antihyperlipidemics - misc 

 Intestinal cholesterol absorption inhibitors 

 Intest cholest absorp inhib-hmg coa reductase inhib comb 

 Nicotinic acid derivatives 

Asthma/COPD Beta adrenergics 

 Adrenergic combinations 

 Xanthines 

 Bronchodilators - anticholinergics 

 Nasal antihistamines 

 Steroid inhalants 

 Nasal steroids 
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 Steroid combinations 

 Glucocorticosteroids 

 Anti-inflammatory agents 

 Nasal mast cell stabilizers 

 Mineralocorticoids 

 Mixed adrenergics 

 Nasal anticholinergics 

 Leukotriene receptor antagonists 

 5-lipoxygenase inhibitors 

Depression Trazodone hcl-dietary management product 

 Tricyclic antidepressants 

 Combination psychotherapeutics 

 Antidepressants - misc. 

 Antianxiety agents - misc. 

 Benzodiazepines & tricyclic agents 

 Selective serotonin reuptake inhibitors (ssris) 

 Serotonin-norepinephrine reuptake inhibitors (snris) 

 Premenstrual dysphoric disorder (pmdd) agents - ssris 

 Modified cyclics 

 Thienbenzodiazepines & ssris 
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 Phenothiazines & tricyclic agents 

Diabetes Alpha-glucosidase inhibitors 

 Sulfonylureas 

 Incretin mimetic agents (glp-1 receptor agonists) 

 Sulfonylurea-biguanide combinations 

 Biguanides 

 Antidiabetic - d-phenylalanine derivatives 

 Thiazolidinediones 

 Sulfonylurea-thiazolidinedione combinations 

 Thiazolidinedione-biguanide combinations 

 Meglitinide analogues 

 Dipeptidyl peptidase-4 (dpp-4) inhibitors 

 Dipeptidyl peptidase-4 inhibitor-biguanide combinations 

Hypertension Beta blockers cardio-selective 

 Alpha 1-adrenoceptor antagonists 

 Direct renin inhibitors 

 Direct renin inhibitors & thiazide/thiazide-like combinations 

 Reserpine 

 Diuretic combinations 

 Potassium sparing diuretics 
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 Calcium channel blockers 

 Ace inhibitor & calcium channel blocker combinations 

 Angiotensin ii receptor antag & ca channel blocker comb 

 Beta blocker & diuretic combinations 

 Ace inhibitors & thiazide/thiazide-like combinations 

 Ace inhibitors 

 Thiazides and thiazide-like diuretics 

 Loop diuretics 

 Angiotensin ii receptor antagonists 

 Angiotensin ii receptor antagonists & thiazide combinations 

 Beta blockers non-selective 

 Alpha-beta blockers 

 Adrenolytics-central & thiazide combinations 

 Antiadrenergics - centrally acting 

 Antiadrenergics - peripherally acting 

 Selective aldosterone receptor antagonists (saras) 

 Vasodilators & thiazide combinations 

 Vasodilators 

 Nitrate & vasodilator combinations 

 Agents for pheochromocytoma 
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Multiple Sclerosis Multiple sclerosis agents 

 Multiple sclerosis agents - interferons 

 Multiple sclerosis agents - monoclonal antibodies 

Oncology Agents Bisphosphonates 

 Alkylating agents 

 Aromatase inhibitors 

 Antiandrogens 

 Antineoplastic - multikinase inhibitors 

 Nitrogen mustards 

 Androgens 

 Antineoplastic - tyrosine kinase inhibitors 

 Estrogens-antineoplastic 

 Lhrh analogs 

 Progestins 

 Immunomodulators for myelodysplastic syndromes 

 Selective estrogen receptor modulators (serms) 

 Antiestrogens 

 Imidazotetrazines 

 Antileprotics 

 Retinoids 
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Osteoporosis Calcium combinations 

 Calcium 

 Vitamin d 

 Antacids - calcium salts 

 Parathyroid hormone and derivatives 

 Bisphosphonates 

 Calcitonins 

 

 


