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Purpose: Commonly prescribed medications among patients with comorbid diabetes melli-
tus and hypertension include ARBs and ACEIs. However, these medications are associated 
with suboptimal adherence leading to inadequately controlled blood pressure. Unlike tradi-
tional single estimates of proportion of days covered (PDC), group-based trajectory modeling 
(GBTM) can graphically display the dynamic nature of adherence. The objective of this 
study was to evaluate adherence using GBTMs among patients prescribed ACEI/ARBs and 
identify predictors associated with each adherence trajectory.
Patients and Methods: Patients with an ACEI/ARBs prescription were identified between 
July 2017 and December 2017 using a Medicare Advantage dataset. PDC was used to measure 
monthly patient adherence during the one-year follow-up period. The monthly PDC was added to 
a logistic group-based trajectory model to provide distinct patterns of adherence. Further, 
a multinomial logistic regression was conducted to determine predictors of each identified adher-
ence trajectory. Predictors included various socio-demographic and clinical patient characteristics.
Results: A total of 22,774 patients were included in the analysis and categorized into 4 distinct 
adherence trajectories: rapid decline (12.6%); adherent (58.5%); gaps in adherence (12.2%), and 
gradual decline (16.6%). Significant predictors associated with all lower adherence trajectories 
included 90 days refill, >2 number of other medications, ≥1 hospitalizations, and prevalent users. 
Significant predictors associated with the rapid decline trajectory included male sex, comorbid-
ities, and increased CMS risk score. Further, significant predictors associated with the gaps in 
adherence trajectory included increasing age, and comorbidities. Lastly, significant predictors 
associated with the gradual decline trajectory included increasing age, no health plan subsidy, 
comorbidities, and increasing CMS risk score.
Conclusion: Identifying various patient characteristics associated with non-adherent trajec-
tories can guide the development of tailored interventions to enhance adherence to ACEI/ARBs.
Keywords: adherence, trajectory modeling, angiotensin converting enzyme inhibitors, 
angiotensin receptor blockers, predictors

Introduction
Cardiovascular disease (CVD), the leading cause of mortality in the United States, 
accounts for 1 in every 3 deaths.1 About 121.5 million American adults have been 
diagnosed with at least one type of CVD from 2013 to 2016.1 CVD-related 
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conditions impose a significant economic burden on the 
health-care system. From 2014 till 2015, the US spent 
14% of the total national health expenditures on CVD 
and stroke.2

Diabetes mellitus (DM) and hypertension (HTN) have 
been listed among the five leading modifiable risk factors 
associated with half of the CVD-related deaths in US 
adults aged 45 to 79 years.3 Recent research has reported 
increasing trends in prevalence of DM and HTN in the US. 
Since these chronic conditions have common underlying 
risk factors, the co-occurrence of diabetes and hyperten-
sion is quite high, leading to a 70% elevated risk of CVD 
mortality.4

Controlling hypertension in patients with DM is essen-
tial to slow the progression of micro and macrovascular 
complications.5 According to a 2015 meta-analysis, phar-
macotherapy for HTN significantly decreased all-cause 
mortality as well as CVD events in diabetic patients.6 

Having a well-documented benefit in reducing diabetes 
complications,7–10 Angiotensin-converting enzyme inhibi-
tors (ACEIs) and angiotensin receptor blockers (ARBs) 
are highly recommended classes of drugs for the treatment 
of HTN in patients with both DM and HTN.11

Adherence is defined as the extent to which a patient 
follows the prescriptions recommended by a healthcare 
provider.12 Medication adherence rates differ among 
patients ranging from 20% to more than 90% and it 
depends upon various factors, namely, age, condition- 
related factors including disease type, severity, and comor-
bidities, medication regimen, and duration of adherence 
measurement.13–16 Poor medication adherence may lead to 
suboptimal clinical outcomes as well as have a significant 
impact on the economic burden of the disease.17 Non- 
adherence is a common problem in the elderly population 
as they often have multiple chronic conditions with com-
plex treatment regimens, physical and cognitive impair-
ments, and higher vulnerability to adverse effects 
compared to other age groups.18,19 Uncontrolled HTN, 
when prevalent, may be due to lack of treatment adherence 
among patients with DM and HTN.20 One of the main 
consequences of poor adherence to HTN pharmacotherapy 
is failure to achieve optimal drug benefits and increased 
risk of CVD morbidity and mortality among patients.21,22 

Adherence to ACEIs and ARBs are not only essential to 
achieve optimal treatment effects but also for measuring 
quality of care as they are the only class of antihyperten-
sives with STAR measures for the Center of Medicare and 
Medicaid Services (CMS) in diabetic patients.23 Star 

rating system is a program developed by CMS to assess 
health plan performance with respect to patient outcomes, 
patient satisfaction and healthcare access.24 Proportion of 
days covered (PDC) is a preferred method for measuring 
medication adherence using administrative claims data.25 

However, as a single estimate, PDC cannot distinguish 
patients with varied medication adherence patterns.13,26 

For instance, a patient with initial perfect adherence but 
subsequent discontinuation could have a similar PDC 
value as compared to another patient having an intermit-
tent adherence pattern. Group-based trajectory modeling 
(GBTM) has recently been proposed and increasingly 
applied as an alternative method which overcomes afore-
mentioned limitations with PDC.26 By mapping develop-
ment of an outcome over time, GBTM accounts for 
patients' variable behavioral patterns.27 This method 
explores different trajectories for patients’ medication 
adherence patterns longitudinally, and identifies groups of 
patients sharing common characteristics within each 
trajectory.13,28,29 Recent studies evaluated adherence tra-
jectories among statin users using GBTM and developed 
a tailored intervention to improve statin adherence.13,30

Therefore, this study aimed to develop group-based 
trajectory models to first identify patients diagnosed with 
comorbid HTN and DM who have similar medication 
filling patterns for ACEI/ARBs and second, examine 
demographic and clinical factors associated with each dis-
tinct trajectory. The identified trajectories and predictors 
will be used to tailor a motivational interviewing interven-
tion in future studies.

Patients and Methods
Study Design
The study was a retrospective analysis of patients enrolled 
in a Texas Medicare Advantage (Cigna Medicare) plan 
from July 2016 to December 2018. The Medicare 
Advantage plan also called as the Medicare Part C is 
offered by Cigna, a private insurer in contract with 
Medicare. The plan offers Part A, Part B, usually Part D, 
and may also offer some additional benefits including 
dental and eye care.31 The index period was between 
July 1, 2017, to December 31, 2017, and the date of the 
last prescription of ACEI/ARB was defined as the index 
date. The pre-index period was between July 1, 2016, to 
July 1, 2017, while the follow-up period was between 
December 31, 2017, and December 31, 2018, starting 
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from the index date. The study design is illustrated in 
Figure 1.

The study was approved by the institutional review 
board at the University of Houston.

Study Data Files
The health plan contained several electronic data files 
available for analysis including membership, member 
summary, institutional claims, professional claims, medi-
cal claims and pharmacy files. Membership and member 
summary files include demographic, CMS risk scores and 
cost data for beneficiaries for each year. Institutional 
claims include information on all inpatient claims, which 
include diagnostic information in the form of International 
Classification of Diseases, Tenth Revision (ICD-10) codes, 
and procedure information in the form of Current 
Procedural Terminology (CPT) codes. Professional claims 
contain information on all outpatient encounters including 
diagnostic information in the form of ICD-10-CM codes 
and procedure information in the form of CPT codes. The 
medical file includes the hospitalization records, date of 
admission, date of discharge and length of stay. Pharmacy 
files contain Part D pharmacy data provided by the phar-
macy benefit manager. The pharmacy records include 
patient and drug identifying information, fill dates, days 
of supply, quantity dispensed and dosing information for 
each prescription filled.

Study Population
Comorbid diabetes and hypertensive patients were identi-
fied using ICD-10 codes. Further, patients were included 
(1) if they had continuous enrollment over the study period 
July 2016 to December 2018 and (2) if a prescription of an 
ACEI/ARB was filled between July 1, 2017, to 

December 31, 2017. Patients were excluded (1) if they 
disenrolled from the plan (2) had a diagnosis of dementia 
in the one-year pre-index period (July 1, 2016, to July 1, 
2017) identified through ICD-10 codes (3) had a ACEI/ 
ARB contraindication such as angioedema, hyperkalemia, 
and renal artery stenosis in the one-year pre-index period 
identified through ICD-10 codes.

Adherence Measurement and Trajectory 
Modeling
Patient adherence was measured using PDC during the one- 
year follow-up period following the index date. PDC was 
calculated separately for each month during the follow-up 
period. While calculating PDC, any oversupply was 
accounted for by shifting the refill date forward after the 
prior refill had ended. A binary indicator for “full adherence”, 
defined as PDC≥ 0.8 (or ≥24 days covered, equivalently) vs 
non-adherence was created for each consecutive month.

The 12 binary indicators of full adherence were mod-
eled as a longitudinal response in a logistic group-based 
trajectory model. In a trajectory model, several regression 
models are estimated simultaneously, including 
a multinomial logistic model that estimates probability of 
membership in each group, as well as logistic models that 
estimate the probability of being adherent over time as 
a smooth function of time.

A maximum likelihood estimation was used for the 
estimation of model parameters.26,27 The final trajectory 
model was estimated using 2–5 adherence groups further 
using the second-order polynomial function of time,32 

assessing each through comparison of the Bayesian infor-
mation criteria (BIC), clinical relevance, and a 5% mini-
mum membership requirement.27 The model with the 

Index date 

December 31, 2017 December 31, 2018

Trajectory Modeling

July1, 2017

Identification Period

Pre-Index 

July1, 2016

Figure 1 Study design. Index date was defined as the date of the last prescription of ACEI/ARB.
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smallest BIC number was used to determine the best fit 
model. Further, the logged bayes factor (2ΔBIC) provided 
the strength of evidence against the simpler model (model 
with lesser groups).32

Statistical Analysis
Descriptive statistics were performed to summarize patient 
demographics and clinical characteristics. Further, patient 
characteristics were compared between trajectory groups 
from the final model. Group differences were assessed 
using chi-square for categorical variables and ANOVA 
for continuous variables.

A multinomial logistic regression was conducted to deter-
mine predictors of each identified adherence trajectory. The 
outcome variable was the trajectory groups with the “adher-
ent” trajectory as reference. Predictors included in the model 
were sex, age (<65 years, 65–69 years, 70–74 years, ≥75 
years), health plan (low-income subsidy versus no subsidy), 
prescriber specialty (general versus specialty), refill type 
(<90 days versus ≥90 days), comorbidities such as myocar-
dial infarction, end-stage renal disease, depression, conges-
tive heart failure, stroke, and coronary artery disease 
determined during the pre-index period, number of other 
medications on index date (≤2 versus >2), previous hospita-
lizations (no versus 1–2 versus <2) determined during the 
6-month period before index date, prevalent users (prevalent 
versus new users) determined during the 6month period 
before index date, regimen complexity, and CMS risk 
score. The number of other medications was defined as the 
total number of other prescriptions (apart from ACEI/ARBs) 
that were filled on the index date. Regimen complexity was 
defined as the mean doses taken per day multiplied by total 
number of medications determined on the index date.33,34 

The CMS risk score accounts for disease severity and med-
ication burden. It is comprised of 189 disease classifications 
used in risk adjustment of clinical outcomes in Medicare 
populations.35,36 A correlation assessment was conducted 
among the independent variables.

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC) at a priori significance 
of 0.05. An add-on user-written procedure called “Proc 
Traj” was used for trajectory modeling.

Results
Study Cohort Demographics
There were 28,769 patients with a diagnosis of HTN and 
DM along with continuous enrollment for the study 

period. Of these, there were 24,139 patients with an 
ACEI/ARB prescription within the index period. After 
application of exclusion criteria, the final cohort comprised 
22,774 patients (Figure 2). The patient demographics are 
presented in Table 1. The mean age of the patient cohort 
was 70.08 (±8.47), 54.93% patients were female, while 
90.63% patients were prevalent users of ACEI/ARB ther-
apy. The overall PDC was 0.78 (±0.25). Results of the 
correlation assessment showed no correlation among the 
major independent variables.

Adherence Trajectories
Four trajectory models ranging between 2 to 5 trajectory 
patterns were identified as illustrated in Figure 3. Based on 
the Bayesian criteria, clinical relevance, and a 5% mini-
mum membership requirement the 4-group trajectory 
model was selected. Details of the trajectory model with 
the Bayesian criteria are presented in Table 2.

Four distinct adherence trajectories were identified in 
the selected model (Figure 4). These included (1) patients 
with rapid decline adherence (RD, 12.6%), (2) patients 
who were consistently adherent (58.5%), (3) patients 
with gaps in adherence (GA, 12.2%), and (4) patients 
with gradual decline (GD, 16.6%). The overall PDC of 
the adherent group, the RD group, the GA group, and the 
GD group were 0.94, 0.23, 0.69, and 0.68. There was 
a statistically significant difference among the mean 
PDCs within all 4 groups (P<0.0001) as exemplified in 
Table 1.

Diagnosis of HT and Diabetes along 
with continuous enrollment for study 

period (N= 28,769)

ACEI/ARB prescription from July 
2017-Dec 2017 (N=24,139)

Exclusion of patients with dementia, 
contraindications like angioedema, 
hyperkalemia, renal artery stenosis 

(N=1365)

Final Cohort (N=22,774)

Figure 2 Cohort formation.

Paranjpe et al                                                                                                                                                         Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                              

Patient Preference and Adherence 2020:14 1938

http://www.dovepress.com
http://www.dovepress.com


Table 1 Patient Demographics and Clinical Characteristics (N=22,774)

Variables Total Patients 
(%) N=22,774

Rapid Decline 
(%) N=2841

Adherent (%) 
N=13,588

Gaps in Adherence 
(%) N=2598

Gradual Decline 
(%) N=3747

P-value

Sex

Female 12,510 (54.93) 1478 (52.02) 7538 (55.48) 1442 (55.50) 2052 (54.76) 0.0084*

Male 10,264 (45.07) 1363 (47.98) 6050 (44.52) 1156 (44.50) 1695 (45.24)

Age

<65 Years 3723 (16.35) 511 (17.99) 2054 (15.12) 471 (18.13) 687 (18.33) <0.0001*

65–69 Years 7264 (31.90) 813 (28.62) 4454 (32.78) 857 (32.99) 1140 (30.42)

70–74 Years 5507 (24.18) 633 (22.28) 3417 (25.15) 607 (23.36) 850 (22.68)

≥ 75 Years 6280 (27.58) 884 (31.12) 3663 (26.96) 663 (25.52) 1070 (28.56)

Health Plan

Low-Income Subsidy 11,237 (49.34) 1415 (49.81) 6883 (50.65) 1225 (47.15) 1714 (45.74) <0.0001*

No-Subsidy 11,537 (50.66) 1426 (50.19) 6705 (49.35) 1373 (52.85) 2033 (54.26)

Prescriber Specialty

General 20,054 (90.34) 2440 (88.53) 12,043 (90.81) 2314 (91.35) 3257 (89.28) <0.0001*

Specialty 2145 (9.66) 316 (11.47) 1219 (9.19) 219 (8.65) 391 (10.72)

Refill Type

<90 Days 1762 (7.74) 501 (17.63) 732 (5.39) 231 (8.89) 298 (7.95) <0.0001*

≥90 Days 21,012 (92.26) 2340 (82.37) 12,856 (94.61) 2367 (91.11) 3449 (92.05)

Comorbidities

Myocardial Infarction

No 22,397 (98.34) 2738 (96.37) 13,427 (98.82) 2559 (98.50) 3673 (98.03) <0.0001*

Yes 377 (1.66) 103 (3.63) 161 (1.18) 39 (1.50) 74 (1.97)

End-Stage Renal Disease

No 22,583 (99.16) 2793 (98.31) 13,512 (99.44) 2581 (99.35) 3697 (98.67) <0.0001*

Yes 191 (0.84) 48 (1.69) 76 (0.56) 17 (0.65) 50 (1.33)

Depression

No 20,647 (90.66) 2554 (89.90) 12,421 (91.41) 2326 (89.53) 3346 (89.30) <0.0001*

Yes 2127 (9.34) 287 (10.10) 1167 (8.59) 272 (10.47) 401 (10.70)

Congestive Heart Failure

No 21,180 (93.00) 2532 (89.12) 12,775 (94.02) 2441 (93.96) 3432 (91.59) <0.0001*

Yes 1594 (7.00) 309 (10.88) 813 (5.98) 157 (6.04) 315 (8.41)

Stroke

No 22,044 (96.79) 2682 (94.40) 13,228 (97.35) 2513 (96.73) 3621 (96.64) <0.0001*

Yes 730 (3.21) 159 (5.60) 360 (2.65) 85 (3.27) 126 (3.36)

Coronary Artery Disease

No 18,145 (79.67) 2109 (74.23) 10,993 (80.90) 2102 (80.91) 2941 (78.49) <0.0001*

Yes 4629 (20.33) 732 (25.77) 2595 (19.10) 496 (19.09) 806 (21.51)

Number of Other 

Medications on Index Date

≤2 17,232 (75.67) 2028 (71.38) 10,529 (77.49) 1875 (72.17) 2800 (74.73) <0.0001*

>2 5542 (24.33) 813 (28.62) 3059 (22.51) 723 (27.83) 947 (25.27)

Previous Hospitalization

No 21,064 (92.49) 2420 (85.18) 12,829 (94.41) 2389 (91.96) 3426 (91.43) <0.0001*

≥1 1720(7.51) 421 (14.12) 759 (5.59) 209 (8.04) 321 (8.57)

(Continued)
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Bivariate Analysis and Multinomial 
Regression
The demographic and clinical characteristics of patients in 
each trajectory are presented in Table 1. Except for regi-
men complexity, there was a significant difference in 
patient characteristics among the 4 trajectory groups. 

More patients in the adherent group had a refill equal to 
or more than 90 days as compared to patients in the RD, 
GD, and GA groups. Further, patients in the RD group had 
a higher CMS risk score and hospitalizations as compared 
to patients within the adherent, GD, and GA groups. 
Lastly, a larger proportion of patients in the adherent 

Table 1 (Continued). 

Variables Total Patients 
(%) N=22,774

Rapid Decline 
(%) N=2841

Adherent (%) 
N=13,588

Gaps in Adherence 
(%) N=2598

Gradual Decline 
(%) N=3747

P-value

Prevalent Users

No 2134 (9.37) 496 (17.46) 759 (5.59) 364 (14.01) 515 (13.74) <0.0001*

Yes 20,640 (90.63) 2345 (82.54) 12,829 (94.41) 2234 (85.99) 3232 (86.26)

Regimen Complexity, Mean 

(SD)

3.95 (37.98) 4.00 (7.05) 3.98 (48.83) 3.96 (7.96) 3.84 (6.24) 0.99

CMS Risk Score, Mean (SD) 1.39 (0.96) 1.56 (1.11) 1.35 (0.90) 1.34 (0.89) 1.47 (1.03) <0.0001*

Proportion of Days 

Covered, Mean (SD)

0.78 (0.25) 0.23 (0.07) 0.94 (0.04) 0.69 (0.12) 0.68 (0.13) <0.0001*

Note: *Significant P values from chi-square and ANOVA<0.05. 
Abbreviations: CMS, Centers for Medicare and Medicaid; SD, standard deviation.
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Figure 3 Results of trajectory modeling. Dotted lines represent confidence intervals.
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group were prevalent users as compared to patients within 
the lower adherent trajectories.

Results of the multinomial regression are presented in 
Table 3. Patients with a refill of more than/equal to 90 days 
had a lower likelihood of being in the lower adherent 
trajectories as compared to the adherent trajectory (RD, 
OR: 0.33, 95% CI: 0.29–0.38; GA, OR: 0.65, 95% CI: 
0.55–0.77; GD, OR: 0.76, 95% CI: 0.66–0.88). Patients 
with more than 2 medications on the index date had 
a higher likelihood of being in the lower adherent trajec-
tories as compared to the adherent trajectory (RD, OR: 
1.27, 95% CI: 1.15–1.40; GA, OR: 1.24, 95% CI: 1.12– 
1.36; GD, OR: 1.10, 95% CI: 1.00–1.20). Further, patients 

with 1 or more hospitalizations as compared to patients 
with no hospitalizations were more likely to be in the 
lower adherent trajectories (RD, OR: 2.12, 95% CI: 
1.84–2.45; GA, OR: 1.45, 95% CI: 1.22–1.72; GD, OR: 
1.32, 95% CI: 1.14–1.53). Lastly, patients who were pre-
valent users of ACEI/ARB therapy had a lower likelihood 
of being in the lower adherent trajectories (RD, OR: 0.29, 
95% CI: 0.25–0.33; GA, OR: 0.38, 95% CI: 0.33–0.44; 
GD, OR: 0.37, 95% CI: 0.33–0.42).

Male patients had a higher likelihood of being in the 
RD trajectory as compared to the adherent trajectory (OR: 
1.13, 95% CI: 1.03–1.23). Similarly, patients with myo-
cardial infarction (OR: 1.47, 95% CI: 1.11–1.95), end- 

Table 2 Bayesian Criteria Calculations

Number of Groups in 
Trajectory Modelling

BIC (All Data 
Points)

BIC (Number of 
Subjects)

AIC Log(2ΔBIC) Group Membership 
Probabilities

2 −117, 028.5 −117, 019.8 −116,991.6 80.1%, 

19.9%

3 −116,209.2 −116,195.6. −116,151.4 3.21 18.3%, 

79.8%, 

1.9%

4 −111,516.4 −111,497.7 −111,437.5 3.97 12.6%, 
58.6%, 

12.2%, 

16.6%

5 −113,031.2 −113,007.6 −112,931.3 BIC greater than 

previous model

11.5%, 

26.8%, 
61.6%, 

0.00%, 

0.1%

Abbreviations: SD, standard deviation; BIC, Bayesian information criterion; AIC, Akaike information criterion.

Trajectories %
Rapid Decline (RD) 12.6
Adherent 58.5
Gaps in Adherence (GA) 12.2
Gradual Decline (GD) 16.6

Time (Months)

P
ro

b
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Figure 4 Final trajectory model. Dotted lines represent confidence intervals.
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stage renal disease (OR: 1.98, 95% CI: 1.34–2.92), stroke 
(OR: 1.40, 95% CI: 1.14–1.73), and coronary artery dis-
ease (OR: 1.15, 95% CI: 1.03–1.28) had a higher like-
lihood of being in the RD trajectory. Lastly, patients with 
a higher CMS risk score were more likely to be in the RD 

trajectory as compared to the adherent trajectory (OR: 
1.13, 95% CI: 1.08–1.18).

Adults older than 65 were less likely to be in the GA 
trajectory as compared to the adherent trajectory (70–74 
years vs <65 years, OR: 0.85, 95% CI: 0.74–0.97; ≥75 

Table 3 Multinomial Logistic Regression to Assess Predictors Associated with Each Trajectory (N=22,774)

Variable Rapid Decline vs 
Adherent

Gaps in Adherence vs 
Adherent

Gradual Decline vs 
Adherent

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Gender
Male vs Female 1.13 (1.03–1.23) 0.004* 1.01 (0.92–1.10) 0.81 1.03 (0.95–1.11) 0.40

Age
65–69 Years vs <65 Years 0.89 (0.78–1.02) 0.11 0.90 (0.79–1.02) 0.12 0.85 (0.76–0.96) 0.009*

70–74 Years vs <65 Years 0.89 (0.78–1.03) 0.12 0.85 (0.74–0.97) 0.02* 0.81 (0.72–0.92) 0.0008*

≥75 Years vs <65 Years 1.07 (0.94–1.23) 0.25 0.86 (0.75–0.99) 0.04* 0.95 (0.84–1.06) 0.38

Health Plan
No Subsidy vs Low-Income Subsidy 0.92 (0.84–1.01) 0.07 1.09 (0.99–1.19) 0.055 1.12 (1.03–1.21) 0.003*

Prescriber Specialty
Specialty vs General 1.00 (0.87–1.15) 0.95 0.91 (0.78–1.06) 0.23 1.10 (0.97–1.24) 0.12

Refill Type
≥90 Days vs <90 Days 0.33 (0.29–0.38) <0.0001* 0.65 (0.55–0.77) <0.0001* 0.76 (0.66–0.88) 0.0003*

Comorbidities

Myocardial Infarction
Yes vs No 1.47 (1.11–1.95) 0.007* 1.06 (0.73–1.54) 0.73 1.17 (0.87–1.59) 0.29

End-Stage Renal Disease
Yes vs No 1.98 (1.34–2.92) 0.0005* 1.06 (0.62–1.82) 0.80 1.91 (1.32–2.78) 0.0006*

Depression
Yes vs No 1.10 (0.95–1.27) 0.18 1.23 (1.06–1.42) 0.0045* 1.24 (1.09–1.40) 0.0006*

Congestive Heart Failure
Yes vs No 1.15 (0.98–1.35) 0.07 0.94 (0.77–1.14) 0.54 1.20 (1.03–1.40) 0.01*

Stroke
Yes vs No 1.40 (1.14–1.73) 0.0013* 1.12 (0.87–1.43) 0.36 1.03 (0.83–1.28) 0.72

Coronary Artery Disease
Yes vs No 1.15 (1.03–1.28) 0.01* 1.02 (0.91–1.15) 0.65 1.03 (0.93–1.14) 0.47

Number of other Medications on Index Date
>2 vs ≤2 1.27 (1.15–1.40) <0.0001* 1.24 (1.12–1.36) <0.0001* 1.10 (1.00–1.20) 0.03*

Previous Hospitalizations
≥1 vs No 2.12 (1.84–2.45) <0.0001* 1.45 (1.22–1.72) <0.0001* 1.32 (1.14–1.53) 0.0002*

Prevalent Users
Yes vs No 0.29 (0.25–0.33) <0.0001* 0.38 (0.33–0.44) 0.0001* 0.37 (0.33–0.42) 0.0001*

Regimen Complexity 0.99 (0.99–1.00) 0.68 1.00 (0.99–1.00) 0.68 1.00 (0.99–1.00) 0.65

CMS Risk Score 1.13 (1.08–1.18) <0.0001* 0.96 (0.91–1.01) 0.19 1.07 (1.03–1.12) 0.0004*

Note: *Significant P<0.05. 
Abbreviations: CI, confidence interval; OR, odds ratio; CMS, Centers for Medicare and Medicaid.
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years vs <65 years, OR: 0.86, 95% CI: 0.75–0.99). 
Further, patients with depression were more likely to be 
in the GA trajectory (OR: 1.23, 95% CI: 1.06–1.42).

Adults older than 65 were less likely to be in the GD 
trajectory as compared to the adherent trajectory (65–69 
years vs <65 years, OR: 0.85, 95% CI: 0.76–0.96; 70–74 
years vs <65 years, OR: 0.81, 95% CI: 0.72–0.92). 
Further, patients with no income subsidy were more likely 
to be in the GD trajectory (OR: 1.12, 95% CI: 1.03–1.21). 
Patients with end-stage renal disease (OR: 1.91, 95% CI: 
1.32–2.78), depression (OR: 1.24, 95% CI: 1.09–1.40), 
and congestive heart failure (OR: 1.20, 95% CI: 1.03– 
1.40) were more likely to be in the GD trajectory. Lastly, 
patients with a higher CMS risk score were more likely to 
be in the GD trajectory (OR: 1.07, 95% CI: 1.03–1.12).

Discussion
The current study identified clinically distinct patterns of 
adherence to ACEI/ARBs among patients enrolled in 
a Texas Medicare Advantage plan. Four trajectory models 
ranging between 2 to 5 trajectory patterns were identified 
and the 4-group trajectory model (rapid decline, adher-
ence, gaps in adherence, and gradual decline) best sum-
mated adherence trajectories and were eventually selected 
to identify predictors associated with each adherence tra-
jectory. Moreover, several socio-demographic and clinical 
predictors associated with each distinct ACEI/ARB adher-
ence trajectory were determined in this study.

Recent literature reveals a wide application of GBTM. 
It has been utilized to evaluate adherence to statins, anti- 
hypertensives, anti-diabetics, coronary artery disease, 
glaucoma, and heart failure medications.13,26,37–40 GBTM 
has demonstrated predictive validity with clinical out-
comes among statin and oral hypoglycemic users.29,41 

Further, GBTM has been utilized in designing adherence 
interventions customized to each distinct trajectory30 and 
to demonstrate effectiveness of a motivational- 
interviewing intervention by measuring pre- and post- 
intervention trajectories. Lastly, previous studies have 
identified modifiable factors associated with distinct tra-
jectories among heart failure, glaucoma, coronary heart 
disease, and statin users.13,38–40

Prior research has demonstrated a three-group trajec-
tory model to best describe adherence patterns among anti- 
hypertensive users. While the current study focused on 
ACEI/ARB users, prior studies included all anti- 
hypertensive medications.37,42 Evaluating adherence to 
ACEI/ARBs is a STAR measure used by the CMS to 

assess quality of care for healthcare plans and is associated 
with reimbursement.43 It is thus a priority for Medicare 
Advantage plans to improve adherence to ACEI/ARBs. 
Studies conducted by Librero et al and Juarez et al identi-
fied four distinct trajectories among ACEI/ARB users with 
prior CV events, namely patients consistently adherent, 
patients with gradual decline, patients with a gradual 
increase in adherence, and patients with persistently low/ 
rapid decline in adherence. Further, proportion of patients 
that fell in each trajectory varied due to differences in 
patient populations.38,40

While the overall PDC of the patient cohort was 0.78, 
the overall PDC of the adherent trajectory, the GD, GA 
and RD trajectory were 0.94, 0.68, 0.69, and 0.23, respec-
tively. In traditional studies, the intermediate trajectory 
patterns would have been rated similarly as a single esti-
mate below 0.8. This illustrates the importance of measur-
ing adherence over time rather than report a single 
estimate of PDC. The distinct patterns of adherence in 
the current study differentiate varied types of adherence 
behavior highlighting potential differences in adherence 
barriers among each group. Our results are similar to 
a prior study conducted among statin users which identi-
fied four distinct trajectories, namely perfect adherence, 
gaps in adherence, gradual decline, and rapid discontinua-
tion. The average PDCs varied significantly among all four 
groups.13 Further, a qualitative assessment of patient- 
reported adherence barriers within each distinct trajectory 
among statin users conducted by our group revealed that 
the frequently reported barriers among each trajectory 
varied validating the need to capture the dynamic nature 
of medication adherence and to further customize inter-
ventions according to each trajectory group.

Prior studies evaluating various socio-demographic and 
clinical characteristics associated with each trajectory 
group have identified predictors such as sex, age, race, 
refill types, copayments, and the Charlson Comorbidity 
Index (CCI) to determine membership within each trajec-
tory group.13,38–40 Modifiable predictors of adherence can 
be identified to further customize interventions to improve 
adherence. The current study identified several predictors 
significantly associated with each trajectory including sex, 
age, health plan, refill type, comorbidities, number of other 
medications on index date, previous hospitalizations, pre-
valent users, and CMS risk score.

The findings from the current study reveal that patients 
with more than 2 medications on the index date had 
a higher likelihood of being in all the lower adherent 
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trajectories as compared to the adherent trajectory. The 
effect of medication burden on adherence is mixed with 
studies reporting varied findings.37 While patients on poly-
pharmacy may have a higher need and better medication- 
taking habits, patients may also struggle to adhere to more 
medications.37 Patients with a refill of more than/equal to 
90 days had a lower likelihood of being in all the lower 
adherent trajectories as compared to the adherent trajec-
tory. These results were similar to a prior study where 
patients on statins with a 90-day refill had higher odds of 
being placed in the adherent trajectory as compared to the 
non-adherent trajectories.13 Increased day’s supply has 
been associated with improved medication adherence and 
persistence as well as improved cost-effectiveness due to 
reduced pharmacy costs.44 Patients who were prevalent 
users of ACEI/ARB therapy had a lower likelihood of 
being in all the lower adherent trajectories. Plausible 
explanations could include a lack of acceptance of the 
diagnosis during medication initiation, concerns of adverse 
effects and dependence on multiple medications, which 
might potentially impede adherence.45–47

Patients with one or more hospitalizations had a higher 
likelihood of being in all the lower adherent trajectories as 
compared to the adherent trajectory. While this finding is 
consistent with prior findings,48 it reflects the need to 
closely monitor adherence in elderly patients during hos-
pitalizations to prevent further cardiovascular-related 
hospitalizations.

The association between patient comorbidities and adher-
ence was in accordance with prior literature.42,46,49,50 

Patients with comorbidities such as myocardial infarction, 
end-stage renal disease, stroke, coronary artery disease, 
depression, and congestive heart failure were associated 
with the lower adherent trajectories. Also, patients with 
a higher CMS risk score were associated with lower adherent 
trajectories. Patients with depression might experience cog-
nitive decline which might negatively influence patient 
adherence.16,42,51 Plausible reasons for reduced adherence 
among patients with coexisting conditions include polyphar-
macy, complicated regimens, increased likelihood of adverse 
events, and prioritization of managing symptomatic diseases 
then asymptomatic ones.14,42,46,49,52,53

Adults over age 65 years were less likely to be in the 
GA and GD trajectory as compared to the adherent trajec-
tory. The study findings indicate that patients below 65 had 
lower adherence. Although the association between age 
and adherence is mixed with some studies reporting an 
inverted U-shaped association,54 our results are consistent 

with studies that report that medication adherence is posi-
tively associated with increasing age.55–58 Potential rea-
sons could include an increased disease burden with older 
adults as compared to younger adults which could lead to 
increased awareness of their overall health status, an 
increased perceived risk of hypertension, and a quicker 
acceptance of their diagnosis.54,55,59 Further, male patients 
had a higher likelihood of being in the RD trajectory as 
compared to the adherent trajectory. Prior research has 
demonstrated a higher adherence among females as com-
pared to males on anti-hypertensive treatment60–62 which 
illustrates the need to explore sex-specific barriers to med-
ication adherence among older adults on ACEI/ARBs. 
Lastly, patients with no income subsidy were more likely 
to be in the GD trajectory. Patients with no income subsidy 
may have higher copayments which might potentially hin-
der them from refilling leading to decreased adherence.

The current study findings are similar to a prior study 
conducted among statin users which identified predictors 
associated with its four distinct trajectories, namely perfect 
adherence, gaps in adherence, gradual decline, and rapid 
discontinuation. While sex and statin user type (prevalent 
versus new) were significantly associated with all trajec-
tories, age, and refill type were significantly associated with 
the rapid decline trajectory. Similarly, income subsidy and 
language were significantly associated with the gradual 
decline trajectory while sex, age, language, and CCI were 
significantly associated with the GA trajectory.13 While 
most of the predictors identified in the current study were 
similar to the prior study, the current study also identified 
several other sociodemographic and clinical characteristics.

Limitations
The study did not have data on some socio-demographic 
variables like race or education which could potentially 
bias the results. While adherence calculated from phar-
macy claims does not reflect if the patient actually took 
the medication, several studies have validated the use of 
claims data to measure medication adherence.16,63 Since 
diabetic and hypertensive patients were identified using 
ICD-10 codes only, there might be potential misclassifica-
tion. However, all patients were prescribed with ACEI/ 
ARBs minimizing the bias. Further, we did not have data 
to account for patients' adherence during hospitalization 
which might bias the results. There might be an over-
estimation of adherence among patients with a 90-day 
refill as they were assumed to have a continuous medica-
tion use. Lastly, the study was conducted among adults 
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enrolled in a Medicare Advantage plan based in Texas 
thereby limiting the generalizability to similar demo-
graphic populations.

Conclusion
The study demonstrated the use of GBTM to identify 
patterns of adherence and selected the four-group trajec-
tory model as the final model. The study findings revealed 
that just half of the patients were consistently adherent 
indicating a need for an adherence intervention among 
the non-adherent groups. Several patient characteristics 
were associated with each trajectory providing valuable 
information on how to identify patients likely to become 
non-adherent. Lastly, identifying barriers associated with 
each trajectory can guide the development of tailored 
interventions to enhance adherence to ACEI/ARBs.
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