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BACKGROUND: The benefits of statins in the prevention of primary and secondary atherosclerotic car-
diovascular (CV) disease events have been well documented. Suboptimal adherence is a persistent 
problem associated with increased CV events and increased healthcare utilization. Proportion of days 
covered (PDC) is widely used to measure medication adherence, and provides a single value that does 
not adequately depict different adherence behavior patterns. Group-based trajectory modeling has been 
used to identify adherence patterns (or trajectories) over time. The identification of characteristics unique 
to each pattern can help in the early identification of patients who are likely to be poor adherents and can 
inform the development of interventions.
OBJECTIVES: To identify distinct trajectories of statin adherence in patients enrolled in a Medicare 
Advantage plan and the sociodemographic and clinical predictors associated with each trajectory. 
METHODS: Patients were included in the study if they were continuously enrolled in a Medicare 
Advantage plan between 2013 and 2016 and had a statin prescription between January 2015 and June 
2015. We observed each patient for 360 days and computed the monthly PDC. The monthly PDC was 
incorporated into a group-based trajectory model to provide distinct patterns of adherence. Using group-
based trajectory modeling, the patients were categorized into groups based on their adherence patterns. 
Multinomial logistic regression was performed to identify the sociodemographic and clinical factors asso-
ciated with each group.
RESULTS: A total of 7850 patients were included in the analysis and were categorized into 4 distinct 
groups based on statin adherence—rapid discontinuation (7.8%), gradual decline (16.8%), gaps in adher-
ence (17.2%), and high or nearly perfect adherence (58.2%). Significant predictors of being placed into 
one or more of the low-adherence trajectories compared with the high-adherence trajectory included sex, 
age, low-income subsidy, language, Charlson Comorbidity Index score, statin intensity, and 90-day refills. 
CONCLUSIONS: The predictors identified in this study provide valuable insight into patient characteristics 
that increase the risk for statin nonadherence, which has the potential to inform targeted interventions. 
Identifying patient trajectories can inform the future development of protocols to individualize appropriate 
interventions for these patients. 
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Medication adherence is defined as the extent to 
which a patient’s medication-taking behavior 
corresponds with the agreed recommendations 

from the healthcare provider.1 The medical literature 
reports varying levels of medication adherence among 
patients, which ranges widely from 20% to more than 
90%, depending on factors such as disease type, duration 
of adherence measurement, medication regimen com-
plexity, and patient age.2-9 Poor medication adherence 
has been shown to result in suboptimal outcomes, in-
cluding disease progression, increased costs, and subpar 
benefit from medications, which can result in long-term 
complications.2-9 In the United States, 33% to 69% of all 
medication-related hospital admissions can be attributed 
to poor medication adherence, resulting in an estimated 
cost of $100 billion annually.5 Given the impact of non-
adherence on healthcare outcomes and costs, coupled 
with an increasing prevalence of chronic diseases, an 
understanding of the patient characteristics that increase 
the risk for medication nonadherence has major public 
health implications.10 

Cardiovascular disease (CVD) is the leading cause of 
death in the United States and increases the disease bur-

den, especially in adults aged >65 years.11,12 Of the 85.6 
million American adults who were estimated to have 
CVD between 2009 and 2012, 43.7 million were estimat-
ed to be aged ≥60 years.13 However, because of high med-
ication complexity, multiple illnesses, and an increased 
risk for side effects and cognitive decline in older adults, 
adherence is a specific concern in this population.8,14

Statins are the most frequently prescribed lipid-lower-
ing agents, with extensive clinical trial data demonstrat-
ing their benefits in the primary prevention of CVD, 
lowering the rate of subsequent events in secondary 
prevention and in the reduction of cardiovascular mor-
tality.15-17 The benefits of statins in reducing mortality 
and cardiovascular events are also seen in older adults.18

Despite the known benefits of statin therapy, studies 
report high discontinuation rates for these drugs, with 
approximately 50% of patients discontinuing statin 
treatment within 1 year and more patients doing so over 
time.19-22 The most frequently reported reasons for poor 
adherence to or discontinuation of statin treatment in-
clude adverse effects, the perception that treatment is 
unnecessary, and cost-related factors.23 

The medication proportion of days covered (PDC) is 
often used as a measure of patient adherence to therapy, 
and the relationship between PDC for statins and clinical 
outcomes has been clearly demonstrated using administra-
tive claims data.24,25 PDC is calculated based on pharmacy 
claims and is reported as a single value over a predeter-
mined period, which results in the same PDC values for 
patients with variable medication adherence patterns.25,26 

Medication adherence is a complex behavior of pa-
tient’s beliefs, illness, and other environmental factors. 
Consequently, dichotomizing patients’ behavior as ad-
herent versus nonadherent can result in loss of valuable 
information that can aid and inform the development of 
interventions. Variations in the patterns (or trajectories) 
of patient adherence can influence patient prognosis and 
should be considered when designing medication adher-
ence interventions.25,26

Group-based trajectory modeling has been used as an 
alternative to map medication adherence over time using 
administrative data, given that this type of modeling 
identifies longitudinal trajectories of adherence patterns 
over a period of time.25,26 This method entails identifying 
groups of patients with similar medication adherence 
patterns over time using pharmacy refill data and can 
help to depict the longitudinal adherence behavior. Pa-
tients within each trajectory have a similar adherence 
pattern and therefore may have similar characteristics. 

In 2014, 15% of the US population was aged ≥65 
years, which demonstrates an increasing prevalence of 
older adults over time.27 As a result of increased medica-
tion complexity and multiple comorbidities, older adults 

KEY POINTS

➤	 Suboptimal adherence to statin therapy is associated 
with increased cardiovascular events and excessive 
healthcare utilization.

➤	 Variations in the patterns of patient adherence 
can influence patient prognosis and should be 
considered when designing medication adherence 
interventions.

➤	 This retrospective study used group-based trajectory 
modeling to identify patterns of adherence to statin 
therapy and the predictors associated with each 
pattern among older adults. 

➤	 A total of 7850 patients in a Medicare Advantage 
plan were grouped into 4 adherence cohorts—rapid 
discontinuation, gradual decline, gaps in adherence, 
and high/nearly perfect adherence.

➤	 Women were more likely to be in the low-adherence 
group than in the high-adherence trajectory as were 
those receiving low-income subsidy. 

➤	 Patients aged 71 to 75 years were more likely than 
younger or older patients to be in the perfect-
adherence group, as were patients with a 90-day refill.

➤	 The identified predictors characterize traits related 
to adherence and nonadherence, which can guide 
the development of interventions to improve 
patient adherence.
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(age >65 years) may have a higher risk for medication 
nonadherence.28 The objectives of this study were to 
identify the trajectories of adherence to statins over a 
1-year period among patients enrolled in a Medicare 
Advantage plan and the clinical and sociodemographic 
predictors of falling into each trajectory. The 4 trajecto-
ries identified in this study will be utilized to customize a 
motivational interview-based intervention, in collabora-
tion with a Medicare Advantage plan, to improve medi-
cation adherence. 

Methods
This retrospective cohort study was based on data 

from members enrolled in a Texas-based Medicare Ad-
vantage plan. This particular data source was chosen 
given that patients who are enrolled in the Medicare 
Advantage plan are predominantly adults aged >65 years 
and are at high risk for CVD, as well as the potential to 
follow them prospectively for future development of an 
intervention. The study population consisted of mem-
bers who were continuously enrolled in the Medicare 
Advantage plan between January 2013 and June 2016.

The data contained membership and demographic 
information, as well as medical and pharmacy claims for 

all the patients. The medical claims include information 
on all inpatient and outpatient claims, as well as on di-
agnoses and on procedures. The pharmacy files used in-
cluded patient and drug identification information, pre-
scription fill dates, days of supply, quantity dispensed, and 
dosing information. 

All medical and pharmacy claims were available for 
the enrolled patients between January 2013 and June 
2016. The patient identification period was from January 
2015 to June 2015, so that all patients had at least 1 year 
of follow-up data available for the measurement of statin 
adherence. The first statin prescription in the identifica-
tion period was defined as the index prescription, and the 
date of the prescription was defined as the index date. 
The baseline characteristics and comorbidities were 
identified in the 2-year period before the index date (ie, 
the preindex period). A 2-year preindex period was used 
to best capture the chronic comorbidities. Each patient 
was followed for 1 year after the index date. 

Inclusion and Exclusion Criteria
Patients who had continuous enrollment in the 

health plan between January 2013 and June 2016 and 
had a statin prescription in the patient identification 
period were included. Patients with conditions that are 
symptoms of poor statin tolerance, including liver dis-
ease, myalgia, or skeletal muscle diseases diagnosis, in 
the 2-year preindex period were excluded, because poor 
statin tolerance could lead to treatment discontinuation 
or could affect adherence in the follow-up period.29,30 
Given that these patients were at high risk for intoler-
ance, it is unlikely that their adherence could be en-
hanced through motivational interviewing interven-
tions. Patients who are receiving a combination of 
drugs, which includes a statin as an index prescription, 
were also excluded to ensure that adherence to a statin 
was not confounded by the patient adherence to any 
other medication.30 Being diagnosed with dementia in 
the same time frame was also an exclusion criterion, 
because dementia-related cognitive impairment can 
lead to nonadherence and to involvement of caregivers’ 
support.31 Finally, patients with statin intolerance, de-
fined as a diagnosis of myopathy during the follow-up 
period, were also excluded.30

Adherence Measurement
Medication adherence was measured for 360 days 

after the index date using pharmacy claims. PDC was 
used to measure adherence and was also calculated sepa-
rately for each 30-day period after the index date. During 
each of the 12 consecutive 30-day assessments, the PDC 
was dichotomized, with a PDC of ≥0.8 considered adher-
ent based on the threshold, which has been widely used 

Figure 1 Flow Diagram of Patient Selection

10,409 patients

Excluding statin combinationa as index fill

Contraindications in the 2 years before the index date
Liver disease, previous myalgia, skeletal muscle diseases 

diagnosis, dementia

Excluding patients with 2 statins on the index date

Final cohort: 7850 patients

–1 patient

–17 patients

–2541 patients

Inclusion criteria
Continuous enrollment between January 2013 and June 2016

Statin prescription between January 2015 and June 2015

aStatin plus another drug. 
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Table 1 Baseline Demographic and Clinical Characteristics of the Overall Cohort and by Trajectory 

Baseline demographics
Total patients

(N = 7850)
Rapid decline

(N = 611; 7.78%)

Gradual decline
(N = 1317; 
16.78%)

Gaps in 
adherence
(N = 1354; 
17.25%)

Perfect adherence
(N = 4568; 
58.19%) P valuea

Sex

Male, N (%) 3516 (44.79) 253 (41.41) 553 (41.99) 601 (44.39) 2109 (46.17)
.014

Female, N (%) 4334 (55.21) 358 (58.59) 764 (58.01) 753 (55.61) 2459 (53.83)

Age

<65 yrs, N (%) 1169 (14.89) 114 (18.66) 182 (13.82) 230 (16.99) 643 (14.08)

.017
65-70 yrs, N (%) 2736 (34.85) 211 (34.53) 454 (34.47) 485 (35.82) 1586 (34.72)

71-75 yrs, N (%) 2047 (26.08) 138 (22.59) 354 (26.88) 333 (24.59) 1222 (26.75)

>75 yrs, N (%) 1898 (24.18) 148 (24.22) 327 (24.83) 306 (22.61) 1117 (24.45)

Health plan

Low-income subsidy, N (%) 3994 (50.88) 298 (48.77) 736 (55.88) 694 (51.26) 2251 (49.28)
<.001

No subsidy, N (%) 3856 (49.12) 313 (51.23) 581 (44.12) 660 (48.74) 2317 (50.72)

Language

English, N (%) 5788 (73.73) 453 (74.14) 917 (69.63) 952 (70.31) 3466 (75.88)
<.001

Other, N (%) 2062 (26.27) 158 (25.86) 400 (30.37) 402 (29.69) 1102 (24.12)

Prescriber specialty

Primary care, N (%) 5959 (75.97) 444 (72.79) 986 (74.92) 1006 (74.3) 3523 (77.19)
.019

Specialty, N (%) 1885 (24.03) 166 (27.21) 330 (25.08) 348 (25.7) 1041 (22.81)

Statin type

Lipophilic, N (%) 5591 (71.22) 444 (72.67) 935 (70.99) 947 (69.94) 3265 (71.48)
.597

Hydrophilic, N (%) 2259 (28.78) 167 (27.33) 382 (29.01) 407 (30.06) 1303 (28.52)

Statin intensity

Low, N (%) 1295 (16.5) 99 (16.2) 242 (18.38) 191 (14.11) 763 (16.7)

.002Moderate, N (%) 5201 (66.25) 401 (65.63) 844 (64.09) 887 (65.51) 3069 (67.18)

High, N (%) 1354 (17.25) 111 (18.17) 231 (17.54) 276 (20.38) 736 (16.11)

Refill type

90-day, N (%) 5817 (74.1) 387 (63.34) 1028 (78.06) 881 (65.07) 3521 (77.08)
<.001

Other, N (%) 2033 (25.9) 224 (36.66) 289 (21.94) 473 (34.93) 1047 (22.92)

Mail-order prescription

Yes, N (%) 7786 (99.18) 608 (99.51) 1307 (99.24) 1333 (98.45) 4538 (99.34)
.01

No, N (%) 64 (0.82) 3 (0.49) 10 (0.76) 21 (1.55) 30 (0.66)

Statin use type

Primary prevention, N (%) 428 (5.45) 49 (8.02) 80 (6.07) 74 (5.47) 225 (4.93)
.01

Secondary prevention, N (%) 7422 (94.55) 562 (91.98) 1237 (93.93) 1280 (94.53) 4343 (95.07)

Statin user

New, N (%) 1466 (18.68) 332 (54.34) 297 (22.55) 397 (29.32) 440 (9.63)
<.001

Prevalent, N (%) 6381 (81.32) 279 (45.66) 1020 (77.45) 957 (70.68) 4128 (90.37)

Comorbidities

Diabetes

Yes, N (%) 4482 (57.1) 316 (51.72) 758 (57.56) 788 (58.2) 2620 (57.36)
.044

No, N (%) 3368 (42.9) 295 (48.28) 559 (42.44) 566 (41.8) 1948 (42.64)

Hypertension

Yes, N (%) 6751 (86) 503 (82.32) 1121 (85.12) 1160 (85.67) 3967 (86.84)
.015

No, N (%) 1099 (14) 108 (17.68) 196 (14.88) 194 (14.33) 601 (13.16)

Continued
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in the literature and by the Centers for Medicare & 
Medicaid Services (CMS) quality measures.32,33

The 12 dichotomized monthly indicators of statin ad-
herence were then used in a logistic group-based trajectory 
model. The trajectory model uses several multinomial lo-
gistic regression equations simultaneously, estimating the 
probability of membership in each group and the probabil-
ity of being adherent as a function of time. The model 
used between 1 and 5 adherence groups, using second-
order polynomials of time to estimate the probability of 
being adherent. Based on the Bayesian information crite-
rion, as well as the clinical relevance of the identified 
trajectories, one model was selected for further evaluation 
for the predictors of falling into each trajectory.25,26 

The effect of the addition of groups on the Bayesian 
information criterion value was assessed incrementally. 
The logarithm of twice the difference in Bayesian infor-
mation criterion values between the complex model 
(with more groups) and the simpler model (with fewer 
groups) was assessed stepwise. If the value of the loga-
rithm of difference was more than 2, the more complex 
model was concluded to have greater prediction power 
than the simpler model.34

Predictors of Adherence Trajectory
After a set of adherence trajectory patterns was select-

ed, the predictors associated with falling into a particular 
adherence trajectory group were estimated by using mul-
tinomial logistic regression, with the distinct trajectory 
groups used as the dependent variable. The trajectory 
group with consistent monthly adherence to statins (ie, 
the adherent group) was considered as the reference to 
which other groups were compared. 

The independent variables included sociodemograph-
ic and clinical variables. The demographic variables 
were sex, age (<65, 65-70, 71-75, or >75 years), language 
(English vs other), and subsidy level (low-income subsi-
dy vs no subsidy). The prescribing physician specialty 
was grouped as primary care versus specialist.

The variables for statin utilization included statin 
type, intensity, days supply of the index refill (90 days vs 
other), statin use for primary versus secondary preven-
tion, and prevalent use of statins. Statin type was catego-
rized as lipophilic (atorvastatin, simvastatin, and lova
statin) or hydrophilic (pravastatin, rosuvastatin, and 
fluvastatin). Statin intensity was categorized as low, 
moderate, or high based on major guidelines.35 Statin use 

Table 1 Baseline Demographic and Clinical Characteristics of the Overall Cohort and by Trajectory (continued)

Baseline demographics
Total patients

(N = 7850)
Rapid decline

(N = 611; 7.78%)

Gradual decline
(N = 1317; 
16.78%)

Gaps in 
adherence
(N = 1354; 
17.25%)

Perfect adherence
(N = 4568; 
58.19%) P valuea

Congestive heart failure

Yes, N (%) 832 (10.6) 61 (9.98) 150 (11.39) 132 (9.75) 489 (10.7)
.532

No, N (%) 7018 (89.4) 550 (90.02) 1167 (88.61) 1222 (90.25) 4079 (89.3)

HIV

Yes, N (%) 18 (0.23) 4 (0.65) 2 (0.15) 4 (0.3) 8 (0.18)
.111

No, N (%) 7832 (99.77) 607 (99.35) 1315 (99.85) 1350 (99.7) 4560 (99.82)

Hyperlipidemia

Yes, N (%) 7306 (93.07) 547 (89.53) 1215 (92.26) 1260 (93.06) 4284 (93.78)
.008

No, N (%) 544 (6.93) 64 (10.47) 102 (7.74) 94 (6.94) 284 (6.22)

CMS score, mean (SD) 1.20 (0.85) 1.17 (0.93) 1.25 (0.90) 1.19 (0.88) 1.20 (0.82) .083

Charlson Comorbidity Index

0, N (%) 6654 (84.76) 524 (85.76) 1118 (84.89) 1180 (87.15) 3832 (83.89)

.0641-2, N (%) 1146 (14.6) 81 (13.26) 189 (14.35) 166 (12.26) 710 (15.54)

≥3, N (%) 50 (0.64) 6 (0.98) 10 (0.76) 8 (0.59) 26 (0.57)

Mean (SD) 0.25 (0.67) 0.26 (0.84) 0.24 (0.66) 0.21 (0.59) 0.26 (0.66) .077

Frequency of hospitalization in the previous year

None, N (%) 7342 (93.53) 554 (90.67) 1234 (93.7) 1274 (94.09) 4280 (93.7)

.0421-2 times, N (%) 485 (6.18) 53 (8.67) 77 (5.85) 76 (5.61) 279 (6.11)

>2 times, N (%) 23 (0.29) 4 (0.65) 6 (0.46) 4 (0.3) 9 (0.2)

Mean proportion of days covered 0.77 (0.23) 0.23 (0.08) 0.65 (0.13) 0.62 (0.15) 0.92 (0.06) <.001

aP values represent results from chi-square/ANOVA tests.
ANOVA indicates analysis of variance; CMS, Centers for Medicare & Medicaid Services; SD, standard deviation. 
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was considered to be secondary prevention if the patient 
had a diagnosis of acute coronary syndrome, ischemic 
stroke, peripheral vascular disease, coronary artery dis-
ease, myocardial infarction, angina, or a revasculariza-
tion procedure in the 2-year period before index date.36 
A patient was considered a prevalent user of statin ther-
apy if the patient had a prescription for statin(s) in the 6 
months before the index date. 

The comorbidities that were controlled for included 
diabetes, hypertension, HIV, congestive heart failure, as 
well as the number of hospitalizations in the past year. To 
further control for the illness severity in the cohort, the 
CMS risk score and Deyo’s Charlson Comorbidity Index 
(CCI) were evaluated. The CCI is constructed based on 
International Classification of Diseases, Ninth Revision, 
Clinical Modification codes and assigns weights to major 
clinical conditions, which can be obtained from medical 
claims data.37,38 The CMS risk score accounts for medica-
tion burden and disease severity and is calculated based 
on data taken from a large pool of beneficiaries to esti-
mate the average predicted costs for each of the compo-
nent factors (eg, age, sex, low-income status, individual 
disease groups).39

All statistical analyses were performed using SAS 
version 9.3 (SAS Institute Inc; Cary, NC) at an a priori 
significance level of 0.05.

Results
The data contained 10,409 continuously enrolled 

patients with a statin prescription in the identification 
period (ie, the index statin). The final cohort after exclu-
sions comprised 7850 patients (Figure 1). The baseline 
characteristics of the cohort are presented in Table 1. 
The patients’ mean age was 71 years, approximately 55% 
were female, and approximately 66% were receiving 
moderate-intensity statins at the index date.

Adherence Trajectories
The models’ graphs with 1 to 5 adherence groups are 

available in the Appendix Figure (see www.AHDB 
online.com) and the Bayesian information criterion for 
each of the models is presented in Table 2. Based on the 
Bayesian information criterion and the expected pat-
terns from real-world practice and literature, the model 
with 4 adherence groups was used for further analysis to 
identify predictors of adherence. 

When 4 adherence trajectories were considered, the 
groups, as shown from bottom to top in Figure 2, includ-
ed Group 1, which had rapid decline or discontinuation 
(7.8%); Group 2, which had a gradual decline over time 
(16.8%); Group 3, which had gaps in adherence that 
improved over time (17.3%); and Group 4, which had 
nearly perfect adherence (58.2%). The mean PDC 

across each adherence group is shown in Table 1. The 4 
groups had significantly different mean PDCs over the 
follow-up period.

Multinomial Regression
The baseline characteristics of the patients in each 

trajectory are shown in Table 1. There were significant 
differences in the demographic characteristics of patients 
across the 4 trajectories. A greater proportion of women 
were in the lower-adherence trajectories than in the 
perfect-adherence trajectory. The rapid-decline group 
had the highest percentage of patients who were new 
statin users compared with the other trajectories. Fewer 
patients who had comorbidities than those without co-
morbidities, including diabetes, hypertension, and hy-
perlipidemia, were included in the rapid-decline group.

Table 2 Bayesian Information Criterion Values of Trajectory 
Models Limited to Different Number of Groups

Groups in trajectory 
modeling, N

Bayesian 
information 

criterion

Akaike  
information 

criterion
Log (2∆ Bayesian 

information criterion)

1 –52449 –52438

2 –46113 –46089 4.10

3 –45101 –45063 3.30

4 –44692 –44621 2.91

5 –44550 –44484 2.45

Figure 2 Adherence Groupings in the Trajectory Model Using  
4 Groups
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The covariates significantly associated with each 
trajectory are shown in Table 3. Physician specialty, 
statin type, the presence of diabetes, hypertension, HIV, 
congestive heart failure, hyperlipidemia, and the fre-
quency of hospitalization were not associated with being 
placed into any trajectory compared with the perfect-
adherence group.

Women were more likely to be placed into all 3 low-
er-adherence trajectories than into the perfect-adherence 
group (rapid decline, adjusted odds ratio [OR], 1.3; 95% 
confidence interval [CI], 1.1-1.6; gradual decline, OR, 1.2; 
95% CI, 1.0-1.3; gaps in adherence, OR, 1.1; 95% CI, 1.0-
1.3). Prevalent users of statin medications were less likely 
than incident users to be placed into any of the lower-ad-
herence trajectories (rapid decline, OR, 0.08; 95% CI, 
0.07-0.11; gradual decline, OR, 0.37; 95% CI, 0.31-0.43; 
gaps in adherence, OR, 0.25; 95% CI, 0.21-0.29).

Older patients (age 71-75 years vs <65 years) were less 
likely to be included in the lower-adherence trajectories, 
particularly the rapid-decline and gaps-in-adherence 
groups, than the perfect-adherence group (rapid decline, 
OR, 0.7; 95% CI, 0.5-0.9; gaps in adherence, OR, 0.8; 
95% CI, 0.7-1.0). Having a primary language other than 
English was associated with greater odds of being classed 
into the gradual-decline and gaps-in-adherence trajecto-
ries than in the perfect-adherence trajectory (gradual 
decline, OR, 1.3; 95% CI, 1.1-1.5; gaps in adherence, 
OR, 1.4; 95% CI, 1.2-1.6).

Patients who had a low-income subsidy were more 
likely to be in the gradual-decline trajectory (OR, 1.2; 
95% CI, 1.1-1.4). Patients who were receiving moderate- 
or high-intensity statins versus low-intensity statins were 
more likely to be in the gaps-in-adherence group (moder-
ate vs low, OR, 1.3; 95% CI, 1.0-1.5; high vs low, OR, 

Table 3 Multinomial Logistic Regression for the Trajectory Groups versus the Perfect-Adherence Group as Reference

Variable

Rapid decline vs perfect adherence Gradual decline vs perfect adherence Gaps in adherence vs perfect adherence

aORa (95% CI) P value aORa (95% CI) P value aORa (95% CI) P value

Female vs male 1.301 (1.081-1.565) .0052 1.18 (1.039-1.342) .0111 1.143 (1.004-1.297) .0433

Age-group

65-70 yrs vs <65 yrs 0.8 (0.609-1.051) .109 1.072 (0.874-1.315) .5028 0.883 (0.727-1.073) .2111

71-75 yrs vs <65 yrs 0.699 (0.523-0.933) .0152 1.082 (0.877-1.335) .4597 0.814 (0.664-0.997) .0472

>75 yrs vs <65 yrs 0.863 (0.647-1.151) .3148 1.101 (0.89-1.363) .375 0.83 (0.674-1.021) .0783

Having low-income subsidy vs not 1.02 (0.84-1.238) .8437 1.201 (1.049-1.375) .0081 0.99 (0.864-1.134) .8862

Other language vs English 1.104 (0.89-1.369) .381 1.282 (1.109-1.482) .0008 1.346 (1.162-1.56) <.0001

Specialist physician vs nonspecialist 1.164 (0.948-1.428) .1467 1.112 (0.961-1.286) .1527 1.113 (0.962-1.287) .15

Lipophilic vs hydrophilic statin 1.063 (0.863-1.31) .5643 0.994 (0.863-1.145) .9339 0.917 (0.796-1.056) .2286

Statin intensity

Moderate vs low 1.112 (0.859-1.44) .4193 0.898 (0.757-1.066) .2202 1.248 (1.036-1.502) .0197

High vs low 1.313 (0.959-1.799) .0897 1.034 (0.834-1.282) .7585 1.585 (1.269-1.979) <.0001

90-day vs other refill 0.513 (0.423-0.623) <.0001 1.008 (0.867-1.172) .9161 0.535 (0.467-0.613) <.0001

Statin user type

Prevalent vs incident 0.088 (0.073-0.107) <.0001 0.365 (0.309-0.431) <.0001 0.25 (0.213-0.293) <.0001

For secondary vs primary prevention 1.086 (0.523-2.255) .8163 1.097 (0.621-1.941) .7449 1.034 (0.566-1.888) .9074

CMS risk score 1.005 (0.88-1.146) .9455 1.084 (0.994-1.183) .0688 1.048 (0.957-1.148) .3119

Charlson Comorbidity Index 0.99 (0.869-1.129) .8751 0.943 (0.855-1.039) .2364 0.883 (0.795-0.981) .0228

Diabetes (yes vs no) 0.888 (0.733-1.076) .2265 0.97 (0.848-1.109) .6545 1.032 (0.901-1.182) .6471

Hypertension (yes vs no) 0.885 (0.688-1.14) .3446 0.893 (0.741-1.075) .2325 0.976 (0.808-1.179) .7991

HIV (yes vs no) 2.901 (0.771-10.916) .1152 0.716 (0.149-3.435) .6758 1.43 (0.414-4.942) .5716

CHF (yes vs no) 0.941 (0.679-1.304) .711 1.059 (0.852-1.316) .6035 0.902 (0.718-1.134) .3783

Hyperlipidemia (yes vs no) 0.899 (0.469-1.722) .7475 0.859 (0.518-1.425) .556 1.105 (0.648-1.887) .7135

Frequency of hospitalization in previous year

1-2 times vs none 1.369 (0.967-1.939) .0763 0.907 (0.69-1.192) .4831 0.858 (0.649-1.133) .2803

>2 times vs none 1.947 (0.47-8.056) .3577 1.975 (0.678-5.749) .2121 1.219 (0.359-4.145) .7507

aAdjusted odds ratio in relation to all the other variables in the table.
aOR indicates adjusted odds ratio; CHF, congestive heart failure; CI, confidence interval; CMS, Centers for Medicare & Medicaid Services. 
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1.6; 95% CI, 1.3-2.0). Patients with a higher CCI score 
were less likely to be in the gaps-in-adherence group 
(OR, 0.9; 95% CI, 0.8-1.0).

Discussion
This study followed patients from a Medicare Advan-

tage plan over 1 year to identify groups with distinct 
patterns of adherence to statins. Up to 5 trajectory 
groups were tested, but 4 trajectories of adherence were 
eventually used to further identify the predictors of plac-
ing into each group. Several sociodemographic and pa-
tient factors were found to be predictors of being placed 
into each of the trajectories, most of which align closely 
with the existing literature.

Franklin and colleagues have identified patterns of 
adherence to statins using group-based trajectory model-
ing, but these studies included 6 groups for further out-
come evaluation.25,26 The results of the trajectory model-
ing performed in our study align with those by Franklin 
and colleagues. 

We took several factors into consideration to decide 
on using 4 adherence trajectory groups for further analy-
sis. First, the rapid-decline group comprises 7.8% of the 
sample when the number of trajectories are limited to 4. 
When limiting the number to 5 trajectories, the rapid-
decline group was further split into 2 smaller groups. 
On testing 6 groups, the perfect-adherence group was 
split into 2 smaller groups comprised of patients who 
were completely adherent and those who had nearly 
perfect adherence. These additional groups were com-
prised of very small percentages of the sample. Second, 
although further addition of groups beyond 4 led to sig-
nificant decreases in Bayesian information criterion, the 
newer 2 groups were largely similar to the existing groups 
when considering the development and implementation 
of differentiated interventions. 

Of the 7850 patients who were included in our sample, 
57.5% placed into the high-adherence trajectory (ie, these 
patients consistently had a higher PDC during follow‑up). 
A previous study showed that adherence to statins in el-
derly patients decreased over time after the initiation and 
proportion of nonadherent patients increased in a log-lin-
ear manner.8 This emphasizes the need to look at adher-
ence as it varies over time rather than at a mean PDC 
value. Although the lower-adherence trajectories in our 
study also had lower mean PDCs, the pattern of each tra-
jectory can identify possible barriers to adherence that are 
common within a particular trajectory, which will be 
critical for the development of interventions.

The significant predictors of placing into a certain 
adherence trajectory included sex, age, low-income sub-
sidy, language, CCI, statin intensity, and 90-day refill. 
Because each group had a distinct adherence trajectory 

pattern, these predictors are more informative at under-
standing adherence than would be possible if patients 
were categorized based solely on mean PDC.

The results from the multinomial logistic regression 
suggest that women were more likely to be nonadherent 
to statins than men. This aligns with evidence from cur-
rent research, which has repeatedly identified that 
women are less adherent to statins than men.40 Because 
our study included patients from a Medicare Advantage 
plan population, the mean age of women was >55 years, 
and they were therefore likely postmenopausal and at an 
increased risk for CVD.41 A review by Goldstein and 
colleagues summarized the sex-specific factors that con-
tribute to nonadherence in women, some of which in-
cluded a lack of provider awareness of CVD risk among 
women, an increased risk for side effects, and competing 
demands, such as family responsibilities.42 Therefore, 
tailored patient and provider interventions designed to 
increase awareness and address sex-specific barriers to 
adherence can be beneficial.

Of the age categories in our model, the age-group of 
71 to 75 years had significantly greater odds of being 
placed in the adherent trajectory versus patients aged 
<65 years. A meta-analysis by Mann and colleagues 
showed a U-shaped association of age and adherence; 
the oldest (≥70 years) and youngest (<50 years) patients 
had lower adherence than the middle-aged (50-69 years) 
patients.20 Increasing age has been found to be associated 
with lower adherence in studies with mean ages >65 
years.43 The decline in adherence in patients aged >75 
years could be mediated by reasons such as cognitive 
changes, increased medication regimen complexity with 
age, and increased risk for side effects.44

Socioeconomic status and higher copayments have 
been associated with lower adherence.40,45 Aarnio and 
colleagues used group-based trajectory modeling to ana-
lyze the effect of socioeconomic inequalities on statin 
adherence, and showed that low socioeconomic position 
was a predictor of placing into poor-adherence trajecto-
ries.45 Our study results indicate that having low-income 
subsidy was associated with greater odds of placing into 
the gradual-decline group than into the perfect-adher-
ence group, but no relationship was found for the other 
categories. The health plan used in this study has multi-
ple statins in different tiers on its formulary, some of 
which carry little or no copay. Thus, it is less likely that 
the cost of statins alone, rather than the overall cost of 
healthcare, could be affecting statin adherence. More 
education and awareness regarding the importance of 
statins in this subgroup may emphasize the need to main-
tain adherence. 

Receiving a moderate- or high-intensity index statin 
was associated with placing into the gaps-in-adherence 
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group versus the perfect-adherence group. The guide-
lines recommend moderate- or high-intensity statins for 
the primary prevention of CVD in patients aged 40 to 75 
years with ≥1 risk factors.35 Approximately 83% of the 
sample included in the analysis was receiving moderate- 
or high-intensity statins. In the elderly population, stat
in-related side effects may occur more often46; therefore, 
these patients may have lower adherence, which may 
improve by switching to a better-tolerated, lower-inten-
sity statin.47 Although studies have shown that higher-
intensity statins have greater effectiveness in reducing 
cardiovascular events,48,49 they have also been associated 
with modest reductions in adherence compared with 
lower-intensity statins.50

Studies have shown positive and negative effects of 
the number, severity, and type of comorbidities on adher-
ence to medications.40,51,52 Our study did not show an 
association between adherence and the adjusted comor-
bidities, which have been known to be associated with 
adherence in the literature.40,51 However, patients with a 
higher CCI score were associated with lower odds of 
placing into the gaps-in-adherence group compared with 
the high-adherence group, which indicates that in-
creased disease severity is associated with lower gaps in 
adherence. Prevalent users of statins were more likely to 
be adherent than new initiators of statin therapy. 

Patients with a 90-day refill were more likely to be 
placed into the perfect-adherence group than into the 
rapid-decline or gaps-in-adherence groups. These results 
indicate that having a 3-month refill improves the over-
all 1-year adherence, but this may be artificial, because a 
single refill in the database indicates that the patient is 
adherent for 90 days. 

We evaluated mail order as a part of the multinomial 
logistic model; however, only 64 (0.8%) patients had 
mail order pharmacy, and therefore, it was not added into 
the final model. In the model without mail order phar-
macy, the patient age-group of 71 to 75 years was more 
likely to place into the perfect-adherence group than the 
gaps-in-adherence trajectory group, which was not ob-
served when mail order was in the logistic model. Future 
studies with larger patient samples that use mail order are 
needed to investigate the effects of mail order on adher-
ence in varying age-groups.

Limitations
This study has some limitations. The generalizability 

of the study findings may be limited to similar subpopu-
lations. This study focused on older adults who were en-
rolled in a Texas-based Medicare Advantage plan. 

The identified factors that affected adherence in this 
study may not be the same for younger patients or for 
patients residing in different geographic regions. 

All the covariates that were analyzed as potential 
predictors of adherence trajectories were measured at 
baseline and were assumed to remain constant through-
out the follow-up period. The follow-up period for adher-
ence was limited to 1 year. 

Using pharmacy claims to measure adherence does 
not capture the actual patient behavior of taking medi-
cations; however, it has been shown to be correlated 
with other adherence measures and clinical outcomes.5,25 

The reasons for nonadherence to statins in our study 
could not be ascertained, because we used retrospective 
claims data for analysis. Future studies should evaluate 
other patient populations and should follow patient ad-
herence for longer periods of time. 

Conclusions
Extensive literature is available about the effectiveness 

of statins, as well as the inadequate adherence leading to 
suboptimal outcomes. Enhancing adherence is an integral 
step for improving outcomes, which result in an overall 
reduction in health services utilization. Adherence to 
chronic medications is a quality measure implemented by 
CMS to evaluate the health plan performance that is a 
constant concern for providers. The findings of this study 
provide valuable information that can be used by health-
care providers and by payers to improve statin adherence. 

With group-based trajectory modeling, clinically rele-
vant patterns of adherence (ie, trajectories) can be iden-
tified and can provide more insight to providers than a 
single mean value. Understanding the characteristics of 
patients that put them at risk for medication nonadher-
ence has the potential to inform how best to intervene, 
which can instruct the future development of protocols 
and tools to better individualize interventions for pa-
tients requiring lipid-lowering therapy. n
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