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ABSTRACT

BACKGROUND: Approximately 32% (75 million) of adults have hyperten-
sion in the United States, leading to 1,100 daily deaths and costing more 
than $48 billion annually in medical expenditures. Approximately 25% of 
patients with hypertension require triple combination therapy to reach rec-
ommended blood pressure. Currently, only 3 single-pill triple-combination 
therapies are available in the market for the treatment of hypertension. 
Medication adherence has become a major concern for the health care 
system, and nonadherence is associated with higher risks of morbidity and 
mortality.

OBJECTIVE: To compare medication adherence rates among single-pill 
triple-combination therapy, free triple-combination therapy, and fixed-
dose dual-combination therapy plus a third agent in hypertensive patients 
enrolled in a Medicare Advantage prescription drug plan using 2 adherence 
definitions.

METHODS: A retrospective cohort study was conducted using Cigna-
HealthSpring’s medical claims database from January 2014 to December 
2016. Antihypertensive combination therapy users were classified into a 
single-pill triple-combination group, a fixed-dose dual-combination plus 
a third agent group, and a free triple-combination group. Adherence rates 
using proportion of days covered (PDC) were calculated for each group 
within a 1-year follow-up period using 2 definitions: a strict one requiring 
all antihypertensive agents during follow-up and a more relaxed definition 
requiring any antihypertensive agent during follow-up. Descriptive statistics 
were examined, and group differences were assessed using chi-square 
and analysis of variance. Multivariate logistic regression was conducted to 
control confounders of adherence using both definitions. 

RESULTS: 10,836 triple-combination users were identified. In the multivari-
ate model using the first definition, fixed-dose dual-combination plus a third 
agent was significantly associated with lower adherence compared with 
single-pill triple therapy (OR = 0.177; 95% CI = 0.119-0.263; P < 0.001). No 
significant difference was detected between single-pill triple-combination 
therapy in comparison with free-combination therapy. In the multivariate 
model using the second definition, fixed-dose dual-combination plus a third 
agent and free-combination therapy were significantly associated with 
better adherence in comparison with single-pill triple combination therapy 
(OR = 3.62, 95% CI = 2.59-5.05; OR = 4.31, 95% CI = 2.15-8.64, respectively). 
Younger age, female gender, language (Spanish), some comorbidities, and 
previous hospitalization had a negative effect on adherence.

CONCLUSIONS: Measuring adherence to multiple concurrent regimens is 
complicated and different adherence definitions can result in significant 
variations in adherence measures. Future research evaluating clinical out-
comes with various definitions is needed.
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RESEARCH

Hypertension is a medical condition in which blood 
pressure is persistently elevated in the arteries.1 In 
United States, it was reported that approximately 32% 

(75 million) of adults have hypertension, which indicates that 
there is 1 hypertensive patient among every 3 adults.2 More 
than 1,100 deaths per day and $48 billion in direct medical 
costs annually are attributed to hypertension in the United 
States.3 Hypertension has been shown to be a major risk factor 
for cardiovascular events and mortality.4 Guidelines recom-
mend combination antihypertensive drug therapies as first-line 
treatment for patients with stage 2 hypertension (systolic blood 
pressure ≥ 160 mm Hg or diastolic blood pressure ≥ 100 mm 
Hg) and for patients with complicated comorbidities such as 
heart failure, coronary heart disease, diabetes, and chronic 
kidney disease.5-7

Combination therapy in the treatment of hypertension 
has been shown to help improve blood pressure control and 
tolerability.8 A meta-analysis of 42 trials published by Wald 
et al. (2009) reported that combining antihypertensive drugs 
from 2 different drug classes could lower blood pressure  
5 times more than doubling the dose of a single drug class 
agent.9 In addition to synergistic blood pressure lowering,  
combination therapy requires lower dosages of each individual 

• Combination therapy in the treatment of hypertension has been 
shown to help improve blood pressure control and tolerability. 

• Medication nonadherence in hypertension is quite common, 
ranging from 3% to 65% for antihypertensive treatments.

What is already known about this subject

• Different adherence definitions resulted in significant variations 
in adherence measures for each treatment group. 

• Group-based trajectory modeling was used to classify patients 
into different adherence patterns for each treatment group when 
applying the strict definition. 

• Younger age; female gender; language (Spanish); some comor-
bidities (diabetes, depression, coronary artery disease, peripheral 
vascular disease, chronic obstructive pulmonary disease, hyper-
lipidemia, and dementia); and previous hospitalization had a 
negative effect on adherence.

What this study adds
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new approach to measure long-term adherence patterns by 
grouping patients according to their prescription-filling patterns 
over time.28-31 Group-based trajectory modeling summarizes 
longitudinal adherence and is considered better in comparison 
with conventional approaches, as it is easier to understand and 
further depicts medication use in each group.30 Despite the 
benefits demonstrated, the application of trajectory modeling to 
summarize long-term adherence for different antihypertensive 
combination therapy strategies is still lacking.30 

The objective of this study was to provide updated infor-
mation on the utilization and adherence for single-pill triple-
combination therapy compared with other triple-combination 
therapies using 2 different definitions: a strict one requiring all 
antihypertensive agents during follow-up and a more relaxed 
definition requiring any antihypertensive agent during follow-
up. Further predictors of medication adherence were exam-
ined. Finally, the variability in resulting adherence across time 
for each treatment group was demonstrated using trajectory 
modeling for the strict definition.

■■  Methods
Study Design, Data Sources, and Data Files
A retrospective cohort study was conducted using Cigna-
HealthSpring’s medical claims database ( January 1, 
2014-December 31, 2016). The protocol was reviewed and 
approved by the relevant Committee for the Protection of 
Human Subjects at the University of Houston. 

Several computerized data files including membership 
file, member summary file, institutional claims file, profes-
sional claims file, and pharmacy file were used. Membership 
and member summary files include demographic detail, 
severity scores (Centers for Medicare & Medicaid Services 
[CMS] risk scores), and cost data of beneficiaries for each 
year. Institutional claims include information on all inpatient 
claims. The files contain diagnostic information in the form 
of International Classification of Diseases, Ninth/Tenth Revision, 
Clinical Modification (ICD-9/10-CM) codes and procedure 
information in the form of Current Procedural Terminology 
(CPT) codes. Pharmacy files containing Part D pharmacy data 
are provided by a pharmacy benefits manager. The pharmacy 
records include patient- and drug-identifying information, fill 
dates, days supply, quantity dispensed, and dosing information 
for each prescription fill.

Study Population 
The study population consisted of elderly patients with hyper-
tension enrolled in the Medicare prescription drug plan in 
Texas between January 2014 and December 2016. 

Inclusion Criteria. Patients were included in this study if they 
were (a) elderly patients (aged ≥ 65) with a diagnosis of hyper-
tension identified by ICD-9-CM code 401 or ICD-10-CM code 

drug agent, resulting in fewer side effects and potentially 
improving compliance.8,10 

Currently, 3 single-pill triple-combination therapies are 
available in the market for the treatment of hypertension that 
are approved by the U.S. Food and Drug Administration (FDA): 
Exforge HCT (amlodipine, valsartan, hydrochlorothiazide); 
Tribenzor (olmesartan medoxomil, amlodipine, hydrochloro-
thiazide); and Amturnide (aliskiren, amlodipine, hydrochloro-
thiazide).11 Exforge HCT became available as generic in 2014. 
Studies that compared the therapeutic strategy of single-pill 
fixed-dose combination (FDC) dual therapies versus free-drug 
or loose-dose combination therapies have found that FDCs 
enhanced adherence, improved clinical outcomes, and lowered 
total medical costs.12,13 However, to date, real-world data about 
single-pill, fixed-dose triple-combination therapy are still lack-
ing due to its unavailability before 2010 in the market and 
Exforge HCT’s availability as a generic since 2014. 

Medication adherence, which refers to “whether patients 
have taken the medications as prescribed,” has become a major 
concern for health care providers, payers, and the whole health 
care system, since nonadherence has been associated with 
a higher risk of morbidity and mortality, increased utiliza-
tion of health care services, and decreased quality of life.14-18 

Medication nonadherence in hypertension is quite common, 
ranging from 3% to 65% for antihypertensive treatments.19-21

Real-world studies have reported suboptimal blood pres-
sure control among hypertensive patients, which can influence 
cardiovascular patient outcomes.22 Adherence to antihyperten-
sive medications is a crucial factor that will affect the outcome 
of treating hypertension, and nonadherence, in turn, has a 
negative effect on lowering blood pressure.23,24 It is crucial to 
provide information regarding the effectiveness and adherence 
rates of antihypertensive combination therapy in a real-world 
setting, thereby helping to improve treatment outcomes for 
hypertensive patients. 

Studies have reported that, while measuring concurrent 
adherence to multiple related medications, the range of 
adherence varied according to the definition of adherence 
applied.25,26 Choudhry et al. (2009) reported that for patients 
with multiple medications, a definition calculating adherence 
for at least 1 medication categorized all patients as mostly 
adherent, but when calculating adherence for all medication 
classes, it resulted in only 30%-40% being adherent.25 A simi-
lar study on adherence to antihypertensive therapy reported 
different predictors for different definitions of adherence.27 

Additionally, while calculating adherence patterns, electronic 
databases have a limitation whereby they classify patients into 
groups of adherence based on single indicators such as pro-
portion of days covered (PDC), ignoring in part the dynamic 
nature of nonadherence over time. 

Group-based trajectory models can overcome this limitation by 
capturing adherence with its dynamic nature. It is an alternative  
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I10 for hypertension; (b) receiving at least 2 fills of any type 
of antihypertensive agents (single-pill monotherapy, single-pill 
fixed-dose combination therapy, or single-pill triple-combina-
tion therapy; class of medications available on request) between 
July 2014 and December 2015; and (c) continuously enrolled in 
a Medicare prescription drug plan for 6 months before (baseline 
period) and at least 1 year after the index date (the index date is 
defined as the first date of receiving triple-combination therapy).

Exclusion Criteria. Patients were excluded if they disenrolled 
from the drug plan.

Identification of Subgroups. Enrollees with at least 2 prescrip-
tion fills of single-pill fixed-dose triple-combination therapy 
were identified as the single-pill fixed-dose triple-combination 
user group (subgroup I).

Enrollees with at least 2 prescription fills of single-pill fixed-
dose dual-combination therapy and single-pill monotherapy 
from a third antihypertensive drug class and having overlap-
ping prescription claims for fixed-dose dual-therapy and single-
pill monotherapy were identified as the fixed-dose dual-com-
bination therapy plus a third agent user group (subgroup II).  
An overlapping prescription was defined as a pharmacy claim 
for 1 component before or on the runout date (prescription 
date plus days supply) of the other components. Further, over-
lap was defined on the drug class, not specific medications 
within the drug class.

Enrollees with at least 2 prescription fills of single-pill 
monotherapy from separate antihypertensive drug classes with 
overlapping claims for each of the separate drug classes with 
an overlapping claim defined as a pharmacy claim for 1 of the 
drugs before or on the runout date of the other drugs were 
identified as the free-drug, triple-drug antihypertensive com-
bination therapy user group (subgroup III). 

Operational Definition of Medication Adherence
Medication adherence was calculated as the PDC for a filled 
prescription of antihypertensive agents based on the total 
number of days covered for filled prescriptions divided by the 
observation time interval.32

Number of days in period covered
 PDC = × 100%

Number of days in the follow-up period

Outcome Measures
The dependent variable, PDC, was categorized as adherent 
versus not by using 80% as the cutoff created as a categorical 
variable.33 The index date for the single-pill triple-combination 
user group was defined as the date of the first prescription of 
single-pill triple-combination therapy. The index date for the 
fixed-dose dual-combination therapy and free-combination 
therapy group was defined as the date of initiation of the third 
drug class (Figure 1).

Two adherence measurement definitions were applied in the 
study. In the first adherence definition (strict), the PDC with 
triple therapy was defined as the ratio of the number of days on 
which all 3 antihypertensive agents were available divided by 
the 1-year follow-up period (365 days since the index date).34 In 
the second adherence definition (relaxed), PDC was defined as 
the ratio of the number of days with at least 1 drug class avail-
able divided by the 1-year follow-up period (365 days since the 
index date).35

The details of the adherence definitions are presented in 
Figure 2. The first graph shows that in the first adherence 
measurement definition, the total number of days from B to C 
(with all 3 drugs available) was used as the numerator while 
the second graph shows that in the second adherence measure-
ment definition, the total number of days from A to E (with at 
least 1 drug class available) was used as the numerator. 

Conceptual Framework
Andersen’s behavioral model (ABM) was used as the con-
ceptual framework.36 This model classifies determinants of 
an individual’s health service utilization into predisposing, 
enabling, and need characteristics. Predisposing characteristics 
include age, gender, and language. Enabling characteristics 
include low-income subsidy (LIS) status. Need characteristics 
include comorbidities, CMS risk score, previous hospitaliza-
tions, and previous antihypertensive drug use. The CMS risk 
score consists of 189 disease classifications for use in adjust-
ing risk of clinical outcomes in Medicare populations.37,38 

Comorbidities, previous hospitalizations, and antihypertensive 
drug use were measured during the baseline period (6 months 
before the index date). 

The dependent variable was “adherence or not” using 0.8 as 
the cutoff. Type of combination therapy (categorized as single-
pill triple-combination therapy vs. fixed-dose dual-combination 
plus a third agent vs. free-combination therapy from 3 drug 
classes) was the major independent variable. The covariates were 
conceptualized per the conceptual framework of ABM. 

Statistical Analysis
Descriptive statistics were provided for the patients’ demo-
graphic factors and other variables. Group differences were 
assessed using chi-square tests for binary variables and analy-
sis of variance for continuous variables. Adherence rate (PDC) 
using the first definition was calculated for each subgroup 
within the 1-year follow-up period. A multivariate logistic 
regression model was conducted using the first definition to 
control for potential confounders after assessing interaction. 

Trajectory Modeling. In addition, group-based trajectory 
models were also used to classify patients’ adherence dur-
ing the 1-year follow-up period. Monthly PDC given the first 
definition was calculated during each of the 12 consecutive 
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30-day periods separately. A binary indicator for adherence 
was created for each month, defined as PDC ≥ 0.8 (or ≥ 24 days 
covered, equivalently). In total, the 12 binary monthly indica-
tors of adherence during each 30-day period as a longitudinal 
response was created. Trajectory modeling was performed, 
with the observed adherence pattern, defined by monthly indi-
cators of full adherence (defined as having > 24 days covered 
of 30 days), to classify longitudinal adherence pattern for the 
users in each subgroup.39

Sensitivity Analysis. In the sensitivity analysis, we used the 
second definition to calculate adherence rate for the free triple-
combination group. In this approach, we calculated the PDC 
by using the number of days during which patients had at least 
1 of their prescribed medications available during the 1-year 
follow-up period divided by the total number of days during 
the follow-up period. 

All statistical analyses were performed using the SAS ver-
sion 9.3 (SAS Institute, Cary, NC) statistical package and a free 
downloadable add-on package called “Proc Traj,” at an a priori 
significance level of 0.05.

■■  Results
In total, 10,836 triple-combination users with diagnosis of 
hypertension and aged > 65 years were identified. The single-
pill triple-combination user group (subgroup I) consisted of 
336 (3.10%) patients with a mean PDC of 0.67. The fixed-dose 
dual-combination plus a third agent group consisted of 470 
(4.34%) patients with a mean PDC of 0.37, and the free triple-
combination group consisted of 10,030 (92.56%) patients 
with a mean PDC of 0.50. The adherence rate of single-pill 
triple-combination therapy group was highest, followed by 
free-combination therapy group, and the adherence rate of the 
fixed-dose dual-combination plus a third agent was the low-
est. Of the 10,836 patients, 2,845 (26.25%) were classified as 
adherent with PDC ≥ 0.8 and 7,991 (73.74%) were classified as 
nonadherent with PDC < 0.8. The descriptive baseline sample 
characteristics of those 10,836 patients, results of t-tests, and 
chi-square analyses are presented in Table 1. Results of the 
interaction assessment showed that there were no significant 

interactions between the major independent variables and 
other independent variables at a significance level of 0.05.

First Adherence Definition (Strict) 
Using the “all-3 approach” adherence measurement criteria, 
results of the logistic regression model are presented in Table 2.  
Patients on fixed-dose dual-combination therapy along with 
a third agent were less likely to be adherent compared with 
those taking single-pill triple combination therapy (odds ratio 
[OR] = 0.177; 95% confidence interval [CI] = 0.119-0.263). Even 
though the mean PDC of the single-pill triple-therapy group was 
slightly higher than the free triple-combination group, the results 
of the multivariate model showed that there was no statistically 
significant difference in adherence rate between the single-pill 
triple-combination group and the free-combination group.

Increasing age was associated with better adherence in this 
population (OR = 1.012; 95% CI = 1.007-1.017). Male patients 
were more likely to be adherent compared with female patients 
(OR = 1.293; 95% CI = 1.173-1.425). Those patients who spoke 
Spanish were less likely to be adherent than those speaking 
English (OR = 0.762; 95% CI = 0.658-0.882). Patients with 
the following comorbidities were less likely to be adherent 
compared to those without these comorbidities: diabetes 
(OR = 0.597; 95% CI = 0.518-0.687), depression (OR = 0.432; 95%  
CI = 0.308-0.605), coronary artery disease (OR = 0.505; 95% 
CI = 0.386-0.660), peripheral vascular disease (OR = 0.573;  
95% CI = 0.378-0.869), chronic obstructive pulmonary disease 
(COPD; OR = 0.696; 95% CI = 0.552-0.878), hyperlipidemia 
(OR = 0.747; 95% CI = 0.634-0.880), and dementia (OR = 0.368; 
95% CI = 0.155-0.874). In addition, patients with a previ-
ous hospitalization history were less likely to be adherent 
(OR = 0.700; 95% CI = 0.540-0.885).

Sensitivity Analysis 
When using the “at least 1” approach (definition 2), we found 
that the mean PDC for free triple-combination therapy was 
0.83. When using this adherence measurement criterion, the 
adherence rate for the free-combination group was higher than 
the adherence rate of the single-pill triple-combination group. 

FIGURE 1 Analysis Plan 

January 2014

6-month
baseline period

July 2014

Identification period

December 2015

Index date

December 2016

Minimum 12-month follow-up  
to measure adherence
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When further using this adherence measurement criteria, 
results of the logistic regression model (Table 3) examining 
factors associated with medication adherence revealed that 
patients on fixed-dose dual-combination therapy along with 
a third agent were more likely to be adherent compared with 
those taking single-pill triple-combination therapy (OR = 3.62; 
95% CI = 2.59-5.05). Also, those taking free-combination 
therapy were more likely to be adherent compared with those 
taking single-pill triple-combination therapy (OR = 4.31; 95% 
CI = 2.15-8.64).

Trajectory Modeling
The results of the group-based trajectory modeling for sin-
gle-pill triple-combination group and free triple-combina-
tion group using definition 1 is presented in the Appendix 
(available in online article). Patients were distributed within  
3 groups of increasing adherence: moderate-then-low adher-
ence, high-then-low adherence, and consistently high adherence  
patterns, respectively. In the single-pill triple-combination 
group, 20.5%, 35.2%, and 44.4% of patients exhibited moder-
ate-then-low adherence, high-then-low adherence, and consis-
tently high adherence patterns, respectively. In the fixed-dose 
dual-combination plus a third agent group, 43.6%, 26.1%, and 
30.3% of patients had moderate-then-low adherence, high-
then-low adherence, and consistently high adherence patterns, 
respectively. In the free triple-combination therapy group, 
33.5%, 24.9%, 41.7% of patients exhibited moderate-then-low 
adherence, high-then-low adherence, and consistently high 
adherence patterns, respectively.

■■  Discussion
Findings of this study indicate that there was no statisti-
cal difference in the likelihood of being adherent versus not 
between the single-pill triple-combination group and the 
free-combination group after adjusting for other confounders 
in the multivariate regression model using the first adherence  

measurement definition. Although various previous studies 
found that increased pill burden was associated with non-
compliance, these findings were not consistent with previous 
literature.40 However, some studies also found that pill bur-
den was not a significant predictor of nonadherent behavior. 
Medication nonadherence is multifactorial, and apart from pill 
burden, many other factors may also contribute to nonadherent  
behavior, such as patients’ beliefs, disease stage, and physicians’ 
prescribing behavior.41 In addition, treatment cost is another 
factor that may affect adherence, with the cost of free triple-
combination therapy being much lower compared with the cost 
of single-pill therapy. Combinations that are only available as a 
brand are often more expensive and may, in some cases, lead 
to a higher copay that may have a negative effect on medication 
adherence.42,43 Thus, the likelihood of adhering to therapy that 
has a much lower copay may be higher for patients. Although 
the single-pill triple-combination therapy reduced the pill 
burden, it was much more expensive than the free triple-com-
bination therapy, which might offset the benefit of reduced pill 
burden in improving adherence. Both of these factors play an 
important role in affecting medication adherence. 

Results of the multivariate model indicate that patients in 
the single-pill group were also more likely to be adherent than 
those taking a fixed-dose dual-combination therapy along with 
a third agent. Although many antihypertensive regimens are 
available as generic formulations in the U.S. market, most of 
the FDCs are only available as brand name drugs. Since dual-
combination therapy and single-pill triple-combination are 
expensive, the reason for better adherence with the single pill 
here could be due to an increased pill burden associated with 
the dual-combination therapy plus a third agent treatment 
group. Future studies can look at the effects of copayment on 
adherence of antihypertensive combination therapies.

In the sensitivity analysis using the second definition, the 
adherence rate of the free-combination therapy group was 
higher compared to the single-pill triple-combination group, 

FIGURE 2 Adherence Definitions

Definition 1

Days between B and C with all 3 drug classes available × 100%
1-year follow-up period

Definition 2

Days between A and E with ≥ 1 drug class available × 100%
1-year follow-up period

A
Drug Class 1

B

Drug Class 2

C

D

Drug Class 3
G H

E



www.jmcp.org Vol. 25, No. 6 June 2019 JMCP Journal of Managed Care & Specialty Pharmacy 683

Medication Adherence to Antihypertensive Triple-Combination Therapy Among Patients Enrolled in a Medicare Advantage Plan

Our study consisted of elderly patients aged > 65 years, and 
among them, we found that increased age was significantly 
associated with higher adherence compared with younger 
elderly patients. A previous systematic review that analyzed the 
existing evidence of age as a determinant of medication adher-
ence found that 6 out of 17 studies demonstrated that increased 
age was positively correlated with higher medication adherence 
among elderly patients.44

We also found that patients with certain comorbidities were 
less likely to be adherent compared with patients without 
those comorbidities; for example, depression and dementia 
were negatively associated with medication adherence in this 
study. Dementia was negatively associated with medication 
adherence, possibly because deficits in cognitive function 
among patients with dementia result in impaired abilities in 

while in the first definition, no significant difference was 
detected between single-pill triple-combination therapy in 
comparison with free-combination therapy. This indicated that 
there was a large variation in the adherence rate to multiple 
concurrent regimens when different adherence measurement 
definitions were applied.35 These findings were consistent with 
previous literature that adopted 3 different adherence measure-
ment approaches and found adherence of multiple medications 
varied widely using different measurement definitions.35 There 
is no gold standard for measuring adherence of concurrent 
regimens, and validating different approaches of measur-
ing concurrent adherence to multiple medications is greatly 
needed. Future research should examine which of these vary-
ing adherence definitions is associated with improved clinical 
outcomes to determine the most ideal definition. 

Variables 
Total  

N = 10,836

Single-Pill Triple-
Combination Group 

n = 336 (3.1%)

Dual-Combination 
+ Third Agent Group  

n =470 (4.3%) 

Free-Combination 
Group 

n = 10,030 (92.5%) P Value

Age, mean (± SD)  72.28 (±9.48)  70.73 (8.49)  72.54 (9.01)  72.32 (9.53) 0.0086a

Gender, n (%) < 0.0001a

Female  5,000 (46.1)  187 (55.6)  279 (59.3)  4,534 (45.2)
Language, n (%) < 0.0001a

Spanish  1,224 (11.3)  91 (27.0)  108 (22.9)  1,025 (10.2)
CMS risk score, mean (± SD)  1.69 (±1.18)  1.26 (0.87)  1.52 (1.08)  1.71 (1.19) < 0.0001a

Health plan, n (%) < 0.0001a

LIS  5,892 (54.3)  155 (46.1)  197 (41.9)  5,540 (55.2)
Other  4,944 (45.6)  181 (53.8)  273 (58.0)  4,490 (44.7)

Additional risk factors/comorbidities, n (%)
Previous hospitalization  6,145 (56.7)  2 (0.0059)  17 (0.03)  1,018 (0.1) < 0.0001a

Diabetes  1,944 (17.9)  12 (0.03)  38 (0.08)  1,894 (0.1) < 0.0001a

Depression  573 (5.2)  0 (0.0)  4 (0.0085)  569 (0.05) < 0.0001a

Heart failure  846 (7.8)  0 (0.0)  12 (0.02)  834 (0.08) < 0.0001a

End-stage renal disease  122 (1.1)  0 (0.0)  3 (0.0063)  119 (0.01) 0.0758
Myocardial infarction  92 (0.85)  0 (0.0)  2 (0.0042)  90 (0.0089) 0.1252
Coronary artery disease  695 (6.4)  1 (0.0029)  13 (0.02)  681 (0.06) < 0.0001a

Peripheral vascular disease  238 (2.2)  4 (0.01)  5 (0.01)  229 (0.02) 0.0935
Cerebrovascular disease  318 (2.9)  1 (0.002)  4 (0.0085)  313 (0.03) 0.0003
Neuropathy  223 (2.0)  1 (0.002)  2 (0.004)  220 (0.02) 0.0021
COPD  638 (5.8)  8 (0.02)  10 (0.02)  620 (0.06) < 0.0001a

Retinopathy  75 (0.6)  1 (0.002)  3 (0.0063)  71 (0.007) 0.6647
Obesity  227 (2.0)  0 (0.0)  3 (0.0063)  224 (0.02) 0.0015
Stroke  320 (2.9)  0 (0.0)  8 (0.01)  312 (0.03) 0.0011
Hyperlipidemia  1,282 (11.8)  15 (0.04)  26 (0.05)  1,241 (0.1) < 0.0001a

Dementia  66 (0.6)  0 (0.0)  1 (0.002)  65 (0.006) 0.1712
Previous antihypertensive drug use, n (%) < 0.0001a

Monotherapy  10,093 (93.1)  33 (0.09)  30 (0.06)  10,027 (99.9)
Dual therapy  706 (6.5)  263 (78.2)  440 (93.6)  3 (0.0002)
No treatment  40 (0.3)  40 (0.1)  0 (0.0)  0 (0.0)

Note: Group differences were assessed using chi-square tests for categorical variables and analysis of variance for continuous variables. For counts < 5, Fisher’s exact test 
was applied.
aIndicates statistical significance at a significance level of 0.05.
CMS =Centers for Medicare & Medicaid Services; COPD = chronic obstructive pulmonary disease; LIS = low-income subsidy; SD = standard deviation. 

TABLE 1 Descriptive Statistics of the Baseline Sample Characteristics (N = 108,036)
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affect medication adherence. Nonadherence among patients 
with diabetes and hyperlipidemia is quite common, as these 
coexisting diseases might cause polypharmacy and side effects 
are more likely to happen when patients take more medica-
tions.48-50 In addition, previous hospitalization history was also 
found to be negatively associated with better adherence, which 
is consistent with previous findings.51

The results of group-based trajectory modeling for each 
combination therapy group indicate that a relatively larger 
proportion of patients in the free triple-combination therapy 
group had a dramatically decreased adherence rate compared 
to the single-pill triple-combination group using definition 1.  
These differences in adherence patterns for each treatment 
group are not fully depicted when using mean PDC or medica-
tion possession ratio values alone.30 This finding indicated that 
the single-pill treatment group had a relatively larger propor-
tion of patients with better adherence in the short-term period 
compared with other combination groups. The high-then-low 
adherence group had more variation in adherence over time 
compared with the consistently high adherence group. Patterns 
of adherence identified can provide valuable information that 
can aid in the development of tailored interventions to improve 
adherence. 

Limitations 
This study has some limitations that need to be considered. 
Since patients were not randomized to the different treatments, 
we cannot exclude some unmeasured confounding factors that 
may affect adherence, such as race, marital status, and educa-
tion level.51,52 Some behavioral factors might also influence 
adherence; for example, a patient’s perception and self-man-
agement behavior cannot be captured. In addition, pharmacy 
claims are only an indicator of prescription fills and cannot 
guarantee that patients actually took the medication, poten-
tially leading to an overestimate of the actual PDC. However, 
previous literature has shown that prescription refill informa-
tion recorded in claims data is a relatively accurate measure of 
overall medication adherence.32,53 

In addition, there may be some misclassifications when 
categorizing patients into different combination therapy groups 
when different measurement criteria for measuring the adher-
ence rate of multiple concurrent regimens were applied. Also, 
a limitation of claims-based data is the difficulty in capturing 
whether a physician or patient decided to discontinue or switch 
a medication. Finally, our study cohort only consisted of elderly 
patients enrolled in the Cigna-HealthSpring health plan in 
Texas, so the findings cannot be generalized to the population 
in other states and to patients in other age groups. 

planning, executing, and self-management. This might affect 
patients’ ability to adhere to prescribed medications, result-
ing in medication nonadherence among dementia patients.45 
The social isolation feelings accompanying depression may 
reduce cognitive functioning, which can affect patient willing-
ness and motivation to follow a treatment protocol, resulting 
in lower adherence, as shown in previous literature.46,47 Some 
other comorbidities (e.g., diabetes, hyperlipidemia, COPD, 
and coronary artery disease) were also found to negatively 

OR (95% CI) P Value

Treatment group < 0.0001
Single-pill group 1
Dual-combination + a third 
agent group

 0.177 (0.119-0.263)

Free-combination group  1.822 (0.671-4.948)
Age  1.012 (1.007-1.017) < 0.0001
Gender < 0.0001

Female 1
Male  1.293 (1.173-1.425)

Language 0.0001
English 1
Spanish  0.762 (0.658-0.882)

CMS risk score  1.035 (0.994-1.076) 0.0926
Health plan 0.4552

LIS 1
Other  1.037 (0.943-1.140)

Previous hospitalization  0.700 (0.554-0.885) 0.0028
Diabetes  0.597 (0.518-0.687) < 0.0001
Depression  0.432 (0.308-0.605) < 0.0001
Heart failure  0.799 (0.610-1.045) 0.1018
End-stage renal disease  0.954 (0.599-1.518) 0.8413
Myocardial infarction  1.299 (0.734-2.299) 0.3699
Coronary artery disease  0.505 (0.386-0.660) < 0.0001
Peripheral vascular disease  0.573 (0.378-0.869) 0.0088
Neuropathy  1.107 (0.784-1.563) 0.5630
COPD  0.696 (0.552-0.878) 0.0022
Retinopathy  1.527 (0.880-2.650) 0.1321
Obesity  0.684 (0.459-1.018) 0.0612
Stroke  0.550 (0.385-0.785) 0.0010
Hyperlipidemia  0.747 (0.634-0.880) 0.0005
Dementia  0.368 (0.155-0.874) 0.0234
Previous antihypertensive drug use 0.1432

No treatment 1
Monotherapy  0.713 (0.152-3.346)
Dual therapy  1.762 (0.525-5.916)

Note: Group differences assessed using logistic regression.
aSignificant results.
CI = confidence interval; COPD = chronic obstructive pulmonary disease;  
LIS = low-income subsidy; OR = odds ratio; SD = standard deviation.

TABLE 2 Results of Logistic Regression Model 
to Assess Influential Factors Associated 
with Adherence Using the Strict 
Definition
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APPENDIX Group-Based Trajectory Model (Using Definition 1)

Group 1: Moderate-
then-low adherence
Group 2: High-then-low 
adherence
Group 3: Consistently 
high adherence
Dotted lines represent 
confidence intervals

Group 1: Moderate-
then-low adherence
Group 2: High-then-low 
adherence
Group 3: Consistently 
high adherence
Dotted lines represent 
confidence intervals
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