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BACKGROUND: New trial evidence suggests that many
patients may require more aggressive pharmacologic
management to achieve lower blood pressure goals. Espe-
cially when first initiating anti-hypertensive treatment, it
is unknown whether starting patients on multiple medi-
cations may be better for long-term adherence and per-
sistence compared with starting one medication.
OBJECTIVE: To examine contemporary patterns of anti-
hypertensive therapy initiation and compare long-term
adherence and persistence among patients initiating
fixed-dose combinations and single anti-hypertensive
therapies.
DESIGN: Retrospective cohort study.
PATIENTS:Using claims from a large nationwide insurer,
we identified all patients initiating oral hypertension
treatment from 2009 to 2013. We categorized patients
into three categories based on the number and type of
anti-hypertensive medications they initiated: a fixed-
dose combination, a multi-pill combination or a single
therapy.
MAIN MEASURES: The primary outcome was persistence
to any anti-hypertensive medication, either the initiated
medication or other anti-hypertensive, 12months after ini-
tiation in administrative claims. We also measured adher-
ence to at least one anti-hypertensive in the12monthsafter
initiation and refilling at least one anti-hypertensive medi-
cation as outcomes. Full adherence was defined as having
≥80% of potential days covered with medication. Multivar-
iable modified Poisson regression models were used to ex-
amine the association between initiating a fixed-dose com-
bination anti-hypertensive and medication outcomes.
KEY RESULTS: Of the 484,493 patients who initiated
oral anti-hypertensives, 78,958 patients initiated fixed-
dose combinations, 383,269 initiated a single therapy,
and 22,266 initiated multi-pill combinations. Patients
initiating fixed-dose combinations were 9% more likely
to be persistent (relative risk [RR]: 1.09, 95% CI: 1.08–
1.10) and 13% more likely to be adherent (RR: 1.13 95%
CI: 1.11–1.14) than those who started on a single anti-
hypertensive therapy. Refill rates were also slightly higher
among fixed-dose combination initiators.
CONCLUSIONS: Fixed-dose combination pills appear to
enhance adherence and persistence to anti-hypertensive

medications among commercially insured patients start-
ing treatment compared with single therapy.
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INTRODUCTION

Of the more than 78 million adults in the United States with
hypertension, only about half have their condition controlled
based on current targets.1 Recent information from the land-
mark Systolic Blood Pressure Intervention Trial (SPRINT)
suggests that some patients’ blood pressure targets could be
even lower than recommended by current guidelines in order
to prevent complications.2 Many patients will require more
aggressive pharmacologic management to achieve these tar-
gets;3,4 in SPRINT, the patients with a lower blood pressure
target required on average one additional medication (2.7 vs.
1.8).2

There is clinical uncertainty about the best way to help
patients reach blood pressure goals, especially when first
initiating anti-hypertensive treatment.2 Prior studies have
shown that fewer than 50% of patients continue to take their
medications just 12 months after initiation.5,6 The question of
whether starting patients on multiple medications is better for
long-term adherence and persistence compared with starting
one medication has not been sufficiently addressed, and the
need for multidrug therapy to reach blood pressure targets will
need to be balanced against increased risk of side effects.7

While the reasons for poor adherence are varied, compli-
cated regimens and a larger number of medications can both
reduce adherence.8 A few studies have found that fixed-dose
combination (FDC) therapies (e.g., multiple medications in
one pill) may be better for adherence than using two or more
separate medications.9–11 Patients who report side effects are
also much less likely to take medications as prescribed, and
side effects increase with medication burden.8 Considering
these potentially conflicting factors, little is known about
whether adherence and persistence to therapy differs between
patients who initiate a fixed-dose combination and those who
begin monotherapy. Determining this relationship may inform
the increasingly common clinical situation in which patients
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are initiating treatment for hypertension with the anticipation
that multiple therapies will eventually be needed.
The goal of this study was to examine contemporary pat-

terns of anti-hypertensive therapy initiation and compare per-
sistence and long-term adherence to treatments among patients
initiating fixed-dose combinations and other anti-hypertensive
therapies. The second goal was to identify the demographic
and clinical risk factors associated with selection of and ad-
herence and persistence to anti-hypertensives.

METHODS

Data Source and Patient Population

We used administrative claims during 2009 to 2013 from a
large national health insurer. These Health Insurance Portabil-
ity and Accountability Act (HIPAA)-limited data include
patient-level claims for medical inpatient and outpatient care:
hospitalizations, procedures, office visits, emergency room
visits, and outpatient pharmacy prescription drug claims. The
data are also linked with patient enrollment data that include
age and gender using a scrambled patient identifier. The Insti-
tutional Review Board of Brigham and Women’s Hospital
approved this study.
Our study population consisted of patients who initiated an

oral anti-hypertensive medication between January 1, 2009,
and December 31, 2012; the date of initiation is hereafter
referred to as the Bindex date^. To be included, patients had
to be ≥18 years of age and be continuously enrolled for
≥180 days before and 365 days after their index date. Patients
were excluded if they had previously filled any anti-
hypertensive medication at any time prior to the index date.
We chose initiation of an anti-hypertensive medication as our
inclusion criteria, because receipt of an chronic medication
may be considered a better indicator of a condition than
diagnosis codes.12 Of the available oral anti-hypertensives,
we also excluded sotalol, furosemide, and bumetanide, be-
cause they are often used for indications other than hyperten-
sion. The study selection criteria are shown in Online Appen-
dix Table 1. The list of study medications is shown in Online
Appendix Table 2.

Utilization of Anti-Hypertensives

We defined three drug combination categories classified by the
number and type of medication initiated:

– Fixed-dose combination: A single pill containing multi-
ple medications

– Multi-pill combination: Two or more distinct anti-
hypertensive tablets or capsules filled on the index date

– Single therapy: Only one medication filled on the index
date

These combinations were identified based onNational Drug
Codes (NDCs) and generic medication names at the time of

dispensing on the index date. In the rare instance that patients
initiated both fixed-dose combinations and other categories on
the index date (e.g., filled both a fixed-dose combination and a
single therapy; <1% of patients), they were excluded from the
overall cohort.

Anti-Hypertensive Adherence and Persistence

The primary outcome of interest was persistence to at least one
anti-hypertensive medication 12 months after initiation. The
secondary outcomes of interest were 1) adherence to at least
one anti-hypertensive in the 12 months after initiation and 2)
refilling at least one anti-hypertensive medication. To generate
these outcomes, we created a drug supply diary by linking all
observed fills after medication initiation based on dispensing
date and days’ supply. The supply for overlapping fills could
accumulate up to 180 days of excess supply. Different drugs in
the same chemically related therapeutic class (e.g., beta-block-
ers) were considered to be interchangeable. Mail order fills
were included.
From these supply diaries, we defined persistence, or con-

tinuing treatment, as having supply for any anti-hypertensive
that overlapped with the 365th day after initiation, whether the
initiated medication or another anti-hypertensive; gaps at other
times in the supply diary were allowed.13,14 This measure
captures whether patients continued anti-hypertensive treat-
ment. For the adherence measure, we calculated the proportion
of days that patients had any anti-hypertensive available to
them on that day, or the proportion of days covered (PDC), by
dividing the number of days in which they had medication
available by the number of follow-up days (e.g., 365 days).15

We defined patients as fully adherent if they were adherent
(PDC ≥0.80) to at least one anti-hypertensive in the 12 months
after initiation, conforming to the level of medication adher-
ence believed to be necessary to achieve clinically important
effects.16,17 Because adverse events from an anti-hypertensive
most frequently occur soon after the patient’s first medication
fill, we also examined whether patients returned for at least
one refill in the 12 months after initiation as a proxy measure
of early stopping of the new medications.

Baseline Characteristics

We measured baseline patient characteristics before anti-
hypertensive initiation. Demographic characteristics such
as age, region, and gender were obtained from the enroll-
ment files at the time of therapy initiation. Clinical char-
acteristics were measured in the 180 days prior to initia-
tion using the International Classification of Diseases
ninth edition (ICD-9) codes, including coronary artery
disease, chronic obstructive pulmonary disease/asthma,
hypertension, congestive heart failure (CHF), stroke, ma-
jor depression, diabetes, liver disease, chronic kidney dis-
ease, Alzheimer’s/dementia, and peripheral vascular dis-
ease. Patient utilization characteristics such as the number
of unique prescriptions filled (by generic name), number
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of outpatient office visits, number of days hospitalized,
and the combined comorbidity score18 were also measured
in the 180-day period prior to initiation. Characteristics of
the initiated anti-hypertensives were also measured, in-
cluding the patient’s copayment and number of days sup-
plied on the initial prescription.

Statistical Analysis

The distribution of baseline characteristics among patients
initiating antihypertensive medications was described. Ab-
solute standardized differences, indexes that measure the
effect size between groups to assess imbalance, were also
provided to illustrate any differences between groups; a sig-
nificant difference is usually characterized by an absolute
standardized difference >0.10 (approximately equivalent to
p < 0.05).19

First, each characteristic was tested separately to estimate its
association with initiation of fixed-dose combinations and
single therapies without controlling for other covariates, using
modified Poisson regression models. These models generate
the estimated relative risks (RRs) with robust standard errors,
and are considered to be particularly appropriate when out-
comes are common (e.g., incidences of ≥10%).20 Next, mul-
tivariable modified Poisson regression models were used to

examine the independent associations between patient charac-
teristics and anti-hypertensive initiation.
Second, for each medication adherence and persistence

outcome, we modeled the association between medication
combination and outcome in an unadjusted analysis without
controlling for other covariates, using modified Poisson re-
gression models. We then modeled the association using mul-
tivariable models that adjusted for all measured patient base-
line characteristics and examined the independent factors as-
sociated with adherence and persistence. Statistical signifi-
cance was determined using two-sided tests with alpha=0.05.
All analyses were conducted using SAS version 9.4 software
(SAS Institute Inc., Cary, NC).
We also conducted a number of sensitivity analyses. First,

we stratified the factors for adherence and persistence based on
whether patients initiated fixed-dose combinations or single
therapies. Second, we stratified the analyses by the index
prescription’s days supplied and also considered whether the
results differed when "triamterene/hydrochlorothiazide" was
considered a "single therapy" rather than a fixed-dose combi-
nation, because triamterene is almost never prescribed as a
single therapy. Finally, we examined the number of unique
anti-hypertensives and copayments in the 12 months after
initiation to explore potential switches and augmentations.

Table 1 Patterns of Anti-Hypertensive Therapy Initiation in the Study Cohort

Characteristic, N (%) Fixed-dose combination
(78,958 patients)

Single therapy
(383,269 patients)

Absolute standardized
difference*

Multi-pill combination
(22,266 patients)

Demographic
Age, mean (SD) 49.3 (10.6) 46.8 (12.7) 0.02 52.5 (11.4)
Female gender 41,016 (52.0) 198,299 (51.7) 0.01 8107 (36.4)

Region
West 9476 (12.0) 61,426 (16.0) 0.16 3484 (15.7)
South 46,176 (58.5) 193,935 (50.6) 0.18 10,971 (49.3)
Midwest 18,499 (23.4) 93,293 (24.3) 0.03 6031 (27.1)
Northeast 4807 (6.1) 34,615 (9.0) 0.16 1780 (8.0)

Clinical
Alzheimer’s/Dementia 146 (0.2) 1591 (0.4) 0.06 277 (1.2)
Congestive heart failure 34 (0.1) 592 (0.2) 0.04 1651 (7.4)
Coronary artery disease 108 (0.1) 5808 (1.5) 0.62 4514 (20.3)
COPD/Asthma 1828 (2.3) 10,363 (2.7) 0.04 1260 (5.7)
Depression 3631 (4.6) 24,235 (6.3) 0.11 1039 (4.7)
Diabetes 7271 (9.2) 44,318 (11.6) 0.11 3658 (16.4)
Kidney disease 374 (0.5) 3168 (0.8) 0.06 792 (3.6)
Liver disease 685 (0.9) 4922 (1.3) 0.06 812 (3.7)
Peripheral vascular disease 116 (0.2) 1203 (0.3) 0.03 300 (1.4)
Stroke/TIA 110 (0.1) 1484 (0.4) 0.13 550 (2.5)

Health utilization
Days hospitalized, mean (SD) 0.2 (1.8) 0.7 (4.7) 0.03 3.6 (9.9)
No. unique drugs, mean (SD) 4.0 (3.0) 4.8 (3.6) 0.07 5.9 (3.5)
No. outpatient visits, mean (SD) 3.4 (3.9) 4.8 (7.6) 0.03 8.3 (14.9)
Combined comorbidity score,

mean (SD)
−0.6 (0.9) −0.1 (1.3) 0.31 0.7 (2.0)

Generic anti-hypertensive pre-
scription

65,265 (82.7) 364,478 (95.1) 0.41 22,020 (98.9)

Prescription copay ($), mean
(SD)

14.4 (19.7) 9.6 (11.2) 0.02 18.3 (18.0)

Median (IQR) 10.0 (4.0–15.0) 10.0 (4.0–10.0) 15.0 (8.0–18.0)
No. index fills, mean (SD) 1.0 (0.0) 1.0 (0.0) 0.00 2.2 (0.5)
Discharged within last 7 days 604 (0.8) 20,761 (5.4) 0.70 8693 (38.5)
Discharged within last 30 days 1019 (1.3) 24,823 (6.5) 0.70 9082 (40.2)
Prescription days supplied for

anti-hypertensive ≤30
71,034 (90.0) 327,456 (91.9) 0.07 19,951 (89.6)

Abbreviations: SD standard deviation, COPD chronic obstructive pulmonary disease, TIA transient ischemic attack, IQR interquartile range
*Comparing fixed-dose combinations with single therapies
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RESULTS

Our study sample consisted of 484,493 patients who initiated
oral anti-hypertensives, including 78,958 patients initiating
fixed-dose combinations, 383,269 who filled a single therapy,
and 22,266 who initiated multi-pill combinations. The fre-
quency of initiated medications across the three categories is
shown in Online Appendix Tables 2 and 3. The most frequent-
ly initiated fixed-dose combination was lisinopril/
hydrochlorothiazide (38.4%). Lisinopril (26.5%), hydrochlo-
rothiazide (12.3%), and amlodipine (13.3%) were the most
frequently initiated single therapies. Patients’ baseline charac-
teristics are shown in Table 1. The mean age was 47.2 years,
and 51.8% were women; 46.9% had a diagnosis of hyperten-
sion in the prior 180 days, although chronic conditions are
known to be poorly coded in claims.12

Patients initiating multi-pill combinations were much older
and sicker and had more comorbidities than initiators of either
a fixed-dose combination or single therapy. These patients
were also much more likely to have been recently discharged
from the hospital, and initiated different anti-hypertensives
(Online Appendix Tables 2 and 3) than the other two groups.
Consequently, we focused the main study comparisons on

patients initiating fixed-dose combinations and single thera-
pies, because these groups were much more comparable in
terms of baseline characteristics and medications initiated. By
comparing these two groups, the analysis also removed the
potential effect of a more complicated dosing regimen by
exclusively examining patients using one anti-hypertensive
pill.
As shown in Table 2, patients initiating a fixed-dose com-

bination were more likely to be older and female. Fixed-dose
combination initiators were also more likely to have
COPD/asthma or concomitant liver disease, while other
comorbidities (e.g., coronary artery disease or congestive heart
failure) were more common in patients initiating a single
therapy. Patients initiating a fixed-dose combination had
slightly higher prescription copayments than patients using a
single medication, but patients initiating single therapies had
higher baseline healthcare resource utilization, including a
recent hospitalization. These patient differences persisted after
multivariable adjustment.
Patients initiating fixed-dose combinations had higher rates

of persistence, adherence, and refilling anti-hypertensive med-
ications in the year after initiating treatment compared with
those initiating single therapies (Fig. 1). A total of 51.2% of
patients initiating fixed-dose combinations were persistent
with any anti-hypertensive therapy 12 months after initiation,
compared with 43.0% of patients initiating a single drug.
Patients who initiated fixed-dose combinations also had higher
rates of adherence than those initiating a single drug (51.3%
vs. 42.1%). After multivariable adjustment, patients initiating
fixed-dose combinations were 9% more likely to be persistent
with anti-hypertensive treatment (relative risk [RR]: 1.09, 95%
CI: 1.08–1.10) and 13% more likely to be adherent (RR: 1.13
95% CI: 1.11–1.14) than patients initiating single-drug thera-
py (Table 3). Refill rates were also slightly higher among
fixed-dose combination initiators.
The results from the multivariable regression analyses are

shown in Table 4, providing estimates of the associations
between patient characteristics and persistence and adherence
to fixed-dose combinations, compared with single drug thera-
pies. Increased age, dementia, congestive heart failure, coro-
nary artery disease, COPD/asthma, diabetes, kidney disease,
liver disease, and previous stroke were all associated with

Table 2 Factors Associated with Initiating a Fixed-Dose Combina-
tion Versus a Single Therapy

Characteristic (ref:
single therapy)

Unadjusted RR
(95% CI)

Adjusted RR*
(95% CI)

Demographic
Age (ref: <45 years)

45–54 years 1.44 (1.42–1.47) 1.33 (1.31–1.35)
≥55 years 1.36 (1.34–1.38) 1.31 (1.29–1.33)
Female (ref: no) 1.02 (1.00–1.03) 1.18 (1.16–1.19)

Region (ref: West)
South 0.92 (0.89–0.95) 1.36 (1.33–1.38)
Midwest 1.45 (1.42–1.48) 1.24 (1.21–1.27)
Northeast 1.24 (1.21–1.27) 0.89 (0.86–0.91)

Clinical (ref: no)
Alzheimer’s/

Dementia
0.47 (0.40–0.55) 0.72 (0.61–0.84)

Congestive heart
failure

0.16 (0.10–0.26) 0.52 (0.32–0.84)

Coronary artery
disease

0.08 (0.07–0.10) 0.17 (0.14–0.22)

COPD/Asthma 0.88 (0.84–0.92) 1.12 (1.07–1.17)
Depression 0.76 (0.73–0.78) 0.91 (0.89–0.94)
Diabetes 0.79 (0.77–0.81) 0.82 (0.80–0.84)
Kidney disease 0.58 (0.52–0.64) 0.86 (0.78–0.94)
Liver disease 0.71 (0.66–0.77) 1.08 (1.01–1.16)
Peripheral vascular

disease
0.48 (0.39–0.57) 0.72 (0.60–0.86)

Stroke/TIA 0.32 (0.26–0.39) 0.69 (0.56–0.85)
Health utilization
Hospitalized (ref: no) 0.39 (0.37–0.41) 0.63 (0.61–0.66)
No. unique drugs (ref: 1)

2 0.86 (0.84–0.88) 0.92 (0.90–0.94)
≥3 0.66 (0.65–0.67) 0.82 (0.81–0.84)
≥2 outpatient

visits (ref: ≤1)
0.72 (0.71–0.74) 0.79 (0.78–0.80)

Comorbidity
score: ≥1 (ref: ≤0)

0.55 (0.54–0.56) 0.63 (0.62–0.64)

Prescription copay (ref: <$10.00)
≥$10.00 1.15 (1.14–1.17) 1.03 (1.01–1.05)

Abbreviations: RR relative risk, CI confidence interval, COPD chronic
obstructive pulmonary disease, TIA transient ischemic attack
*Includes all characteristics listed here

Table 3 Association Between New Initiation of Fixed-Dose Combi-
nation and Single Therapy Anti-Hypertensives and Adherence

Fixed-dose combination vs. Single anti-
hypertensive

Measure Unadjusted RR
(95% CI)

Adjusted RR
(95% CI)

Persistent to ≥1
antihypertensive

1.19 (1.18–1.20) 1.09 (1.08–1.10)

Adherent to ≥1
medication

1.22 (1.21–1.23) 1.13 (1.11–1.14)

Refilled ≥1
antihypertensive

1.10 (1.09–1.10) 1.06 (1.05–1.07)

Abbreviations: RR relative risk, CI confidence interval
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persistence and adherence in patients initiating fixed-dose
combinations compared with single therapies. By contrast,
women and those with a previous hospitalization were less
likely to be adherent and persistent.
The results of our main sensitivity analyses are presented in

Online Appendix Tables 4 and 5. These sensitivity analyses
did not materially change the results. We also present the
baseline patient factors associated with initiating fixed-dose
and multi-pill combinations in Online Appendix Table 6.
Comparisons between patients initiating fixed-dose and
multi-pill combinations and adherence and persistence are
shown in Online Appendix Table 7. Patients initiating fixed-
dose combinations were slightly less likely to be adherent and
persistent than patients initiating multi-pill combinations.
Patients initiating fixed-dose combinations also filled fewer

unique anti-hypertensive therapies in the 12 months after
initiation (Online Appendix Figure 1) and remained on the
same anti-hypertensive therapy (37.1% vs. 33.5%, or 25.5% of
patients initiating single therapies or multi-pill combinations).
Most patients who were persistent to fixed-dose combinations
continued to use the same fixed-dose combination (59.4%);
15.5% ended up on multiple medications (Online Appendix
Table 8). Finally, we examined patients’ copayments in the
year after initiation, stratified by persistence (Online Appendix
Table 9); copayments appeared to be similar.

DISCUSSION

Among a large nationwide sample of patients, we evaluated
whether the initiation of multiple medications in a fixed-dose
combination influenced adherence and persistence to anti-
hypertensives compared with initiating a single therapy. We
found that patients initiating fixed-dose combinations were
9% more likely to be persistent and 13% more likely to be
fully adherent in the 12 months after initiation than those
started on a single anti-hypertensive therapy. We also found

that patients initiating single therapies or multiple separate
anti-hypertensives were sicker and more likely to have high
resource utilization than patients initiating fixed-dose
combinations.
Previous research has indicated that fixed-dose combina-

tions can improve adherence compared with multi-pill com-
binations of the same medications.9–11 In one meta-analysis,
fixed-dose combinations increased adherence compared
with taking two separate individual medications (odds ratio
[OR]: 1.21, 95% CI: 1.03–1.43) but did not differ in persis-
tence (OR: 1.54, 95% CI: 0.95–2.49).10 However, these
studies did not control for differences in regimen complexity
or the effect of taking multiple medications. By contrast, in
the present study, we examined whether adherence and per-
sistence differed between patients who were taking only a
single pill—comparing a fixed-dose combination pill versus
a single agent pill.
Fixed-dose combinations have been increasingly recom-

mended in clinical guidelines in order to enhance adherence
to chronic medications by reducing pill burden and improving
medication synchronization.21 The Food and Drug Adminis-
tration (FDA) has even recently proposed that fixed-dose
combinations could be eligible for a longer period of market
exclusivity.22 Conversely, others have argued that fixed-dose
combinations could limit dosing flexibility, particularly early
after treatment initiation, when dose titrations may be needed,
potentially leading to additional prescriptions intended to aug-
ment or replace the initial therapy, which could cause confu-
sion about drug regimens.23 In addition, the fixed-dose com-
binations available do not always coincide with the therapies
that a physician might select.24 In the present study, we ob-
served no evidence that using fixed-dose combinations at anti-
hypertensive initiation led to lower adherence or persistence
compared with single therapies. In fact, we observed slightly
better adherence and persistence among these patients and less
medication switching after initiation. This finding is consistent
with previous literature that suggests that anti-hypertensive
combinations at lower doses can reduce the risk of adverse
events compared with higher doses of one medication.25

Some observed differences in baseline characteristics be-
tween patients initiating and adhering to the different anti-
hypertensive combinations have noteworthy implications for
patient care. First, while prescription copayments were slightly
higher for patients initiating fixed-dose combinations than
those with single therapies, these increases did not appear to
impact adherence or persistence. Second, older patients were
more likely to initiate fixed-dose combinations and to be
adherent and persistent in the year after starting therapy. Third,
patients initiating multiple separate anti-hypertensive medica-
tions were much sicker than the other patient groups, and they
initiated very different anti-hypertensives, making direct com-
parisons difficult. Finally, while women were more likely than
men to initiate fixed-dose combinations, they were also less
likely to remain adherent and persistent, which corroborates
previous findings in other contexts.26

Fig. 1 Adherence and persistence to anti-hypertensive medications.
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Recent evidence from a trial conducted among patients
≥50 years of age with elevated cardiovascular risk suggests
that controlling hypertension to a blood pressure target lower
than current guidelines will improve patient outcomes.2 While
the patients in the present study were younger and had fewer
comorbidities, clinicians may still try to treat patients to lower
blood pressure levels, including aggressive combinations of
anti-hypertensive treatments and lifestyle modifications. This
study provides timely guidance for clinicians who may be
considering whether to initiate multiple anti-hypertensives in
a patient who is beginning treatment. These findings support
the conclusion that patients initiating anti-hypertensive treat-
ment could benefit from multiple medications contained in a
fixed-dose combination pill rather than a single therapy.
Our study has several limitations. First, our data source

includes only commercially insured patients or those with
Medicare Advantage, and may not be representative of all
patients in the United States. Second, we did not have
detailed clinical information available about patients at the
time of the clinical encounter or during follow-up, including
blood pressure values or hypotension, because we were
limited to administrative claims data; patients may have also
initiated medications for indications other than hyperten-
sion. This study also did not assess clinical outcomes, which

should be further examined in future studies. In addition,
because the study is based on administrative data, some bias
or confounding by indication is possible because of inade-
quately measured predictors, such as socioeconomic or oth-
er clinical variables, if they were differential between the
groups. Given the nature of the data, medication adherence
and persistence were measured indirectly using days’ sup-
ply, a validated method that has been shown to correlate well
with electronic records and patient self-report.27 Any dis-
continuation that occurs may also be clinically appropriate.
These measures considered only whether patients were ad-
herent or persistent to at least one medication, but mirror
those used by health plans and the Centers for Medicare and
Medicaid Services to assess quality of care.28

CONCLUSION

We found that patients initiating a single pill containing a
fixed-dose combination of anti-hypertensive medications were
more likely to be persistent and fully adherent than those
initiating a single therapy, based on administrative claims in
the 12 months after initiation. We also found that male gender,
age, and concomitant cardiovascular conditions were some of
the strongest factors associated with adherence and persistence

Table 4 Independent Factors for Adherence and Persistence Among Patients Initiating Fixed-Dose Combination And Single Anti-
Hypertensives

Characteristic (ref:
single therapy)

Persistence: Unadjusted
RR (95% CI)

Persistence: Adjusted RR
(95% CI)

Adherence: Unadjusted
RR (95% CI)

Adherence: Adjusted RR
(95% CI)

Demographic
Age (ref: <45 years)

45–54 years 1.55 (1.54–1.57) 1.45 (1.44–1.46) 1.50 (1.49–1.51) 1.39 (1.38–1.41)
≥55 years 1.77 (1.75–1.79) 1.63 (1.62–1.65) 1.69 (1.67–1.70) 1.54 (1.53–1.56)
Female (ref: no) 0.83 (0.82–0.84) 0.91 (0.90–0.92) 0.82 (0.81–0.83) 0.89 (0.88–0.90)

Region (ref: West)
South 1.01 (1.00–1.02) 1.00 (0.99–1.00) 1.00 (0.99–1.01) 0.98 (0.97–0.99)
Midwest 1.14 (1.13–1.16) 1.12 (1.11–1.14) 1.13 (1.12–1.14) 1.11 (1.10–1.13)
Northeast 1.09 (1.07–1.10) 1.08 (1.06–1.09) 1.09 (1.08–1.11) 1.08 (1.06–1.09)

Clinical (ref: no)
Alzheimer’s/Dementia 1.06 (1.01–1.11) 1.07 (1.02–1.13) 1.02 (0.97–1.08) 1.06 (1.01–1.13)
Congestive heart

failure
1.33 (1.25–1.42) 1.30 (1.21–1.39) 1.17 (1.09–1.27) 1.16 (1.07–1.26)

Coronary artery disease 1.36 (1.33–1.39) 1.52 (1.48–1.56) 1.42 (1.39–1.45) 1.71 (1.67–1.76)
COPD/Asthma 1.07 (1.05–1.09) 1.07 (1.05–1.09) 1.01 (0.99–1.03) 1.02 (0.99–1.04)
Depression 0.89 (0.87–0.90) 0.98 (0.97–0.99) 0.88 (0.87–0.90) 0.98 (0.97–1.00)
Diabetes 1.17 (1.16–1.18) 1.09 (1.08–1.10) 1.19 (1.18–1.20) 1.11 (1.09–1.12)
Kidney disease 1.15 (1.11–1.19) 1.19 (1.16–1.24) 1.09 (1.05–1.13) 1.13 (1.09–1.17)
Liver disease 1.05 (1.02–1.08) 1.20 (1.17–1.23) 1.02 (0.99–1.05) 1.17 (1.13–1.20)
Peripheral vascular

disease
1.24 (1.18–1.30) 1.04 (0.99–1.10) 1.19 (1.13–1.25) 1.02 (0.97–1.08)

Stroke/TIA 1.36 (1.30–1.41) 1.45 (1.38–1.51) 1.29 (1.24–1.35) 1.47 (1.40–1.55)
Health utilization
Hospitalized (ref: no) 0.82 (0.81–0.84) 0.80 (0.79–0.81) 0.79 (0.78–0.81) 0.75 (0.74–0.76)
No. unique drugs (ref: 1)

2 0.97 (0.95–0.98) 0.98 (0.97–1.00) 0.97 (0.96–0.98) 0.99 (0.97–1.00)
≥3 0.93 (0.92–0.94) 0.99 (0.99–1.00) 0.92 (0.91–0.93) 1.02 (1.01–1.03)
≥2 outpatient visits

(ref: ≤1)
0.97 (0.96–0.98) 1.01 (1.00–1.02) 0.97 (0.96–0.98) 1.02 (1.01–1.03)

Comorbidity score:
≥1 (ref: ≤0)

0.68 (0.67–0.69) 0.73 (0.72–0.74) 0.69 (0.68–0.70) 0.74 (0.73–0.75)

Days supplied (ref: ≤30 days)
>30 days 1.36 (1.35–1.37) 1.21 (1.19–1.22) 1.42 (1.41–1.43) 1.27 (1.25–1.28)

Prescription copay (ref: <$10.00)
≥$10.00 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.00 (0.99–1.02)

Abbreviations: RR relative risk, CI confidence interval, COPD chronic obstructive pulmonary disease, TIA transient ischemic attack
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to these combinations. For patients beginning anti-
hypertensive treatment, clinicians may want to consider start-
ing patients on a fixed-dose combination pill rather than a
single therapy.
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