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Single-Pill vs Free-Equivalent Combination Therapies for Hypertension:
A Meta-Analysis of Health Care Costs and Adherence
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This meta-analysis compares health care resource use
costs, adherence, and persistence between groups of
patients taking antihypertensives as single-pill combina-
tions (SPCs) vs free-equivalent components (FEC) based
on a structured review of published studies. The search
yielded 12 retrospective database studies included in anal-
yses. The mean difference in combined total annual all-
cause and hypertension-related health care costs was
$1357 (95% confidence interval [Cl], $778-$1935) lower in
favor of SPC than FEC groups. Adherence, measured as

the mean difference in medication possession ratio, was
estimated to be 8% higher for patients naive to prior anti-
hypertensives and 14% higher for nonnaive SPC patients
compared with corresponding FEC patients. Persistence in
the SPC groups was twice as likely as the FEC groups
(pooled risk ratio, 2.1; 95% CI, 1.1-4.1). Improved adher-
ence and persistence may have contributed to the lower
costs in the SPC groups via improved clinical outcomes.
J Clin Hypertens (Greenwich). 2011;13:898-909. ©2011
Wiley Periodicals, Inc.

Hypertension is a chronic medical condition and
recent estimates suggest that 76.4 mllhon US adults 20
years or older have hypertenswn Total costs (direct
plus indirect) for hypertensron in the United States
were estimated at $73.4 billion in 2009."

Pharmaceutical treatment of hypertension can be
very successful, with the potential to reduce blood
pressure (BP) to recommended levels in almost all
patients (<140/90 mm Hg or <130/80 mm Hg for
patients with diabetes or chronic kidney disease).
However, recent data show that only 50% of patients
with hypertensmn achieved BP control.> Uncontrolled
BP can result in significant morbidity and mortality,
with increased risk of adverse cardiovascular (CV),
cerebrovascular, and renal outcomes.’™ Furthermore,
uncontrolled BP can result in increased medication
costs compared with costs for hypertensron patients
with appropriately controlled BP.°

Two of the main reasons for a lack of adequate BP
control are lack of adherence (missing doses of an
antihypertensive medication in the context of ongoing
treatment) and lack of per51stence (discontinuation of
an antihypertensive medrcatlon) 8 Adherence to anti-
hypertensive therapy is often very low, ranging from
15% to 35%.” One major factor contributing to
decreased adherence and persistence with antihyper-
tensive medications is the complexity of treatment
regimens. Many patients with hypertension require >2
medications to provide adequate BP control. Only one
third of patients with hypertension require a single
medication for BP control, one third require 2
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medications, and the remaining one third require >3
medications. 1°

Strategies to improve adherence and persistence to
prescribed antihypertensive medications are likely to
improve BP control and thus can potentially have sub-
stantial medical and economic benefits. One such
strategy is the use of fixed-dose single-pill combination
(SPC) medications, which combine >2 active agents in
a single pill. SPC medications simplify the treatment
regimen and decrease the daily pill burden for patients,
both of which are associated with improved adher-
ence.” Two previous meta-analyses reported increased
adherence with SPC products compared with multiple
pills of the same active agents for patients with a com-
bination of chronrc conditions or for patients with
hypertension.'"'* However, we are unaware of previ-
ous systematic reviews and analyses evaluating the
relationship between health care costs and the use of
SPC products for hypertension. This report presents
results of a meta-analysis performed to assess health
care costs, adherence, and persistence among patients
receiving SPC products vs free-equivalent components
(FECs) (ie, the corresponding single-agent pills) for
hypertension.

METHODS

Literature Search

A systematic literature search within PubMed, EM-
BASE, The Cochrane Library, and EconLit was con-
ducted to identify publications comparing adherence,
persistence, or costs and resource use associated with
the use of SPC products vs FEC medications for hyper-
tension. Comprehensive combinations of MeSH and
free-text terms were used for the literature search. We
searched English-language publications only, with no
limit on publication dates.
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Abstracts of identified publications were first
reviewed to determine relevancy based on the follow-
ing inclusion criteria:

e The study was a clinical trial or observational
study, such as a database or registry analysis.

e The study compared fixed-dose SPC products (dou-
ble or triple combinations) with FEC as pharmaceu-
tical interventions for CV disease. No single-arm
studies were included.

e The study presented data on any of the following
outcomes of interest:

o Compliance, adherence, persistence.

o Health care costs and/or resource use.

Eligible publications, along with articles identified
from expert suggestions, were reviewed in full and ref-
erences were checked for additional citations. Studies
were excluded if the product was not marketed in the
United States. For selected articles, information about
study characteristics, treatment and baseline data,
adherence or compliance, resource utilization costs,
percentage resource utilization, and mean resource uti-
lization was extracted from articles. Data extraction
and validation and entry were conducted by different
team members.

Outcome Measures

Three outcome measures were of primary interest:
health care costs, adherence, and persistence. Cost out-
comes identified from the literature were: all-cause
health care costs, CV- or hypertension-related costs,
and pharmacy costs. In all studies eligible for analysis,
health care cost data (total or CV-related) were pro-
vided in 2002 to 2009 US dollars as unadjusted annual
mean costs for SPC vs FEC groups. Unless specifically
identified, we assumed that costs were based on the
year prior to study publication. Costs were converted
to 2009 US dollars using the medical care component
of the consumer price index for all urban consumers.'®
In one article, where 6-month costs were provided, the
values were doubled to correspond to a 12-month per-
iod.'* For pharmacy costs, total costs spent on pre-
scription medications were assessed; data on prices or
copayments of specific products projected annually
were not considered. Few articles gave variance mea-
sures for cost data. Since cost data generally have a
positively skewed distribution, a constant variance
coefficient was assumed across studies. An average
coefficient of variation was calculated from studies
that provided adequate information'®'”'8;  this
derived estimate was then used to impute an average
standard deviation for studies without such data.

Most hypertension studies that presented adherence
or compliance outcomes provided the average medica-
tion possession ratio (MPR), defined as the total days’
supply of medication during the study follow-up per-
iod divided by the length of the follow-up period.
Studies provided the MPR at 12 months for each
group, with the exception of Shaya and colleagues
(2009)"” and Yang and colleagues (2010)."> These

studies were not included in the meta-analysis. Few
studies provided a variance measure for this end point.
An average value for the standard deviation using data
from the two studies that provided a variance mea-
sure'>?° was imputed for the other studies. With the
exception of one article,"> all hypertension studies
reported persistence as the percentage of patients
meeting a predefined threshold during a 12-month fol-
low-up period. Although persistence was measured
over similar duration across the remaining studies, the
permissible gap between the end of the days’ supply
and the end of observation used to define persistence
varied from 6 days to 6 months across studies, which
exacerbated the variance in this measure. Despite these
differences in the definitions for persistence, we con-
sidered the persistence data suitable for meta-analyses
since groups were compared within each study.

Statistical Analysis

In order to conduct the meta-analysis, effect sizes for
comparing single-pill and free-equivalent groups
within each study were generated as mean differences
for continuous end points (costs and adherence) and
risk ratios for categorical end points (persistence).
Meta-analyses were performed on the difference in
mean total health care resource costs and pharmacy
costs between the single-pill cohort and free-equivalent
cohort. All-cause total costs and costs specific to
hypertension or CV-related care were determined sepa-
rately. Due to unexplained heterogeneity for all out-
comes, we present CIs generated with a random
effects method. Clinical and methodologic differences
across studies were examined to investigate sources of
heterogeneity and inform possible stratification, but
these efforts were limited by the small number of stud-
ies. Analyses were performed using RevMan software
version 5 (http://ims.cochrane.org/revman; accessed
December 1, 2010).

RESULTS

After screening 260 abstracts, 40 articles were
reviewed in full. Of 22 studies that met inclusion crite-
ria, 7 addressed indications other than hypertension (5
in diabetes, 1 in hyperlipidemia, and 1 in mixed hyper-
lipidemia/hypertension) and 15 were in hypertension.
The hypertension studies shown in the Table are the
subject of this paper. Three articles were not included
in meta-analyses: Asplund and colleagues®*! did not
provide a clear definition of adherence, Schweizer and
colleagues®” had a very short follow-up period
(1 month), and Yang and colleagues'® adjusted for co-
variates in the analysis and these results could not be
combined with other studies that presented unadjusted
outcomes. The remaining 12 studies were all retro-
spective studies published in the past 10 years. Five
studies either used a matched cohort design'®'® or
presented similarities in group baseline characteris-
tics.!*#>2¢ Of 5 studies that noted more comorbidities
in the patient groups taking free combination
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regimens, 3 provided adjusted results'”>'**® and 2 did
not.>>*® Two studies did not provide information on
group characteristics.***

The following drug class combinations/classes were
represented:
e Angiotensin-receptor blocker (ARB) + diuretic.
ARB + calcium channel blocker (CCB).
Angiotensin-converting enzyme (ACE) inhibitor +
diuretic.
ACE inhibitor + CCB.
B-Blocker + diuretic.
Only one study examined patients taking triple
treatment for hypertension.?® Differentiation among
class combinations was not made in the meta-analyses
presented here due to the limited number of studies.

Annual Health Care Costs

Figure 1 shows the meta-analysis of annual health care
costs from 44,336 patients in 7 observational studies
comparing SPC products for hypertension with FEC
regimens. In all studies, the annual health care costs in
the SPC groups were lower than costs in the free-
equivalent groups, and comparisons were statistically
significant except in one study.?’

The overall pooled summary includes both all-cause
total costs and hypertension-related costs, depending on
what was available in the studies. Subtotals are presented
separately for studies that reported all-cause total costs
(n=4) or only costs related to hypertension, CV disease,
or both (n=3). The pooled analyses for each of these
strata indicate significantly lower annual costs for
patients in the SPC groups than for those in the FEC

Sherrill et al.

groups. All-cause total costs in the SPC group were esti-
mated to be lower by $2039 (95% CI, $1030-$3047)
and hypertension/CV-related costs were estimated to be
lower by $709 (95% CI, $117-$1302).

Significant heterogeneity was present within each
cost type, and efforts were made to identify the source
of the heterogeneity. Removal of individual studies
one by one did not resolve the issue. We examined
characteristics of the studies for possible explanations
including the use of all-cause or hypertension- or CV-
related costs, inclusion of Medicare/Medicaid patients,
use of diagnosis codes for patient identification, prior
use of antihypertensives, and class of drugs. However,
specific subgroups could not be analyzed due to the
small number of studies. The possibility remains that
heterogeneity could be due to data imputation. The
average of the variance measures from the Barron and
colleagues'” and Hess'® studies were imputed for the
other studies.

Pharmacy Costs
Five studies presented data on pharmacy costs of drugs
for patients taking SPC or FEC products (Figure 2).
We provide separate findings for all-cause drug costs
and hypertension-/CV-related drug costs, since results
are not consistent across these two strata. One study
provided data for both all-cause annual medication
costs and medication costs specifically related to CV
disease.”®

Annual all-cause medication costs averaged $605
(95% CI, $376-$835) lower for patients taking SPC
antihypertensive regimens than for those taking FEC

Study or Single Pill Free Equivalent Mean Difference Mean Difference

Subgroup MeanCosts SD N  MeanCosts SD N Weight IV, Random, 95% CI IV, Random, 85% CI

1.1.1 Total costs

Brixner 2008 3449 8070 T 3938 9214 559 13.0% -489.00 B273.04, 295.04] —_——

Dickson 2008 4751 11,116 3363 8802 20593 713  T76% -4051.00 [-5608.54, -2403.40) e—t—

Dickson-elderly 2006 4,181 9782 2338 6,886 16,112 3368 13.8% -2705.00 [-3378.38, -2031.62) ——

Malesker 2010 5495 876 100 7084 915 100 165% -1589.00 [-1837.27, -1340.73)] -

Subtotal (85% CI) 13790 4740 50.9%  -2039.37 [-3047.84, -1030.90] <l

Heterogeneity: Tau® = 870104.21; Chi* = 27.18, df = 3 (P < 0.00001); I = 89%

Test for overall effect: Z = 3.96 (P < 0.0001)

1.1.2 Hypertension- or cardiovascular-related costs

Barron 2008 1,361 4737 4530 2100 6639 1095 15.6% -739.00 [-1155.72, -322.28] -

Hess 2008 1175 4192 7224 1468 5201 7225 16.8% -294.00 [-448.04, -139.96) *

Taylor 2003 918 2148 2754 2023 4733 2978 16.7%  -1105.00 [-1292.97, -917.03] -

Subtotal (95% CI) 14508 11298 49.1% ~709.90 [-1302.17 -117.62] ’

Heterogeneity: Tau?= 254852.59; Chi*= 43,07, di = 2 (P < 0.00001); F= 95%

Test for overall effect: £ = 2.35 (P=0.02)

Total (95% CI) 28298 16038 100.0%  -1357.01 [-1935.49, -778.53] L 3

Heterogeneity: Tau?= 512373.32, Chi’= 137.62, df = & (P < 0.00001); = 96% I t t 1 t {

Test for overall efiect: Z = 4.60 (P <0.00001) -5000 -3000 -1000 0 1000 3000 5000
Favors single pill -~ Favors free equivalents

FIGURE 1. Meta-analysis of annual health care costs (2009 US dollars). Cl indicates confidence interval; IV, inverse variance; SD,

standard deviation.
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Study or Single Pill Free Equivalent Mean Difference Mean Difference

Subgroup MeanCosts SD N MeanCosts SD N Weight IV, Random, 95% CI IV, Random, 95% CI

2.1.1 Total medication

Brixner 2008 1,637 745 8150 2,115 963 561 164% 478,00 [-559.31, -396.69] -

Dickson-elderly 2008 1,739 91 2336 2567 1,168 3368 16.7% -828.00 [-B78.87, -777.13] -

Taylor 2003 1,604 730 2754 2,113 962 2078 16.7% -509.00 [-553.01, -464.99] -

Subtotal (95% CI) 13240 6907 49.8% -605.93 [-835.39, -376.48] ‘r

Heterogeneity: Tau® = 40157 20; Chi? = 100.37, df = 2 (P < 0.00001); P = 98%

Test for overall effect: Z = 518 (P < 0.00001)

Subtotal (35% CI)

2.1.2 Hypertension - or cardiovascular-related medication

Barron 2008 501 293 4530 658 426 1095 16.8% -157.00 [-183.64, -130.35] '

Malesker 2010 973 237 100 769 266 100 16.5% 204.00 [134.17, 273.83] -

Taylor 2003 (subsel) 598 272 2754 840 382 2978 16.9% -242.00 [-259.07, -224.93] 13

Subtotal (95% CI) 7384 4173 50.2% -70.49 [-224.42, B3.44] '-

Heterogeneity: Tau® = 18010.24; Chi? = 161.86, df = 2 (P < 0.00001); F = 99%

Test for overall effect: Z = 0.90 (P < 0.37)

Total {35% CI) 20624 11080 100.0%  -335.16 [-530.56, -139.76] i

Heterogeneity: Tau? = 58901.86; Chi? = 856.94, di = 5 (P < 0.00001); F = 99% " ' " "

Test for overall effect: Z = 3.36 (P < 0.0008) 1000 500 1] 500 1000
Fawvors single pill Favors free equivalents

FIGURE 2. Meta-analysis of annual pharmacy costs (2009 US dollars). Cl indicates confidence interval; 1V, inverse variance; SD,

standard deviation.

medications. However, mixed results were found in
analyses of medlcatlon costs related to hypertension.
Two studies'”*® showed 51gn1ﬁcantly lower costs for
SPC regimens while one study'* showed significantly
lower costs for FEC medications. The latter results
were based on a shorter timeframe (6 months) than
other studies and groups were matched by age, sex,
race, baseline BP, and comorbidities.

Significant heterogeneity was present within each
cost type, and efforts were made to identify the source
of the heterogeneity. Removal of individual studies
one by one did not resolve the issue. As in the meta-
analysis of total costs, variance measures were
imputed for most studies.

Adherence

All studies that reported MPR (n=7) found signifi-
cantly higher adherence in groups taking SPC medica-
tions than in groups takmg FEC medications, with the
biggest difference found in a study by Hess'® that
matched groups by age, sex, payer type, comorbidities,
and risk factors (Figure 3). In the stratified meta-analy-
sis, studies in patients naive or experienced with
hypertension medication both showed significantly
higher adherence in groups taking SPC than in FEC
groups. The average MPR was 8% higher in naive
patient groups taking SPC and 14% higher in experi-
enced patients.

Persistence
The pooled risk ratio from meta-analysis of 4 studies
shows the SPC groups to be twice as likely as the FEC

groups to meet criteria for persistence (relative
risk, 2.13; 95% CI, 1.11-4.09) (Figure 4). Again, the
largest dlfference between groups was seen in the
study by Hess,'® in which groups were matched on
baseline characteristics.

DISCUSSION

Results from meta-analyses of data extracted from 12
observational studies corroborate and expand on 2
previous meta-analyses that demonstrated improved
adherence to antlhypertenswe treatment reglmens that
combine >2 active agents in a single pill.'"*'* Com-
pared with the earlier papers, we detected larger,
statistically significant effects on both adherence/
compliance and persistence for SPC products com-
pared with FEC products for hypertension. The adher-
ence difference of 13% from the meta-analysis shown
here compares with that estimated by Yang and
colleagues' based on multivariate modeling from a
large cohort in a claims database. Similarly, this meta-
analysis confirms results from Yang that treatment
continuation or persistence is twice as likely in a
single-pill cohort. The strength of evidence provided
here rests on the rigor of the literature search and the
careful delineation of definitions used for adherence/
compliance and persistence.

Prev1ously, Rose and colleagues®® reported that
patients with 100% adherence to hypertension therapy
experienced a decrease in systolic BP of 12 mm Hg to
15 mm Hg and a decrease in diastolic BP of 7 mm Hg
to 8 mm Hg compared with those having <60%
adherence. Multiple studies have reported lower rates

906 The Journal of Clinical Hypertension Vol 13 | No 12 | December 2011
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Study or Single Pill Free Equivalent Mean Difference Mean Difference

Subgroup Mean SD N Mean SD N Weight IV, Random, 95% CI IV, Random, 95% CI

3.3.1 Naive patients

Brixner 2008 642 5BE7T 1628 576 3021 561 14.2% 6.60 [2.81, 10.39] —_r

Jackson 2008 731 3542 619 80.5 3542 65 10.3% 12.60 [3.55, 21.65] _

Subtotal {95% Cl) 2247 626 24.5% 8.13 [3.00, 13.26] "-

Heterogeneity: Taw® = 5.47; Chid = 1.4, df = 1 (P=10.23); I = 30%

Test for overall effect: Z = 3.11 (P=0.002)

3.3.2 Experienced patients

Dickson 2008 58.6 3542 3363 481 3542 713 14.7% 10.50 [7.64, 13.36] —_

Dickson-elderly 2008 634 204 2336 49 234 3368 15.2% 14.40 [12.97, 15.83] -

Gerbing 2007 79 3542 2839 89.2 3542 3367 151% 18.70 [16.93, 2047) -

Hess 2008 769 3542 TN 544 3542 7225 15.3% 22.50 [21.34, 23.66) -

Taylor 2003 808 3542 2754 738 3542 2078 15.1% 7.00 [5.16, B.864] -

Subtotal (95% CI) 18516 17651  75.5% 14,66 [8.97, 20.36] -‘-

Heterogeneity: Taw? = 41.31; Chi® = 236.93, df = 4 (P < 0.00001); I* = 98%

Test for overall effect: Z = 5.05 (P < 0.00001)

Total (95% CI) 20763 18277 100.0% 13.31[8.26, 18.35) -’-

Heterogeneity: Tau? = 42,34 Chi? = 264.57, df = 6 (P < 0.00001); 1 = 98%

Test for overall effect: Z =517 (P < 0.00001)

Test for subgroup differences: Chi* = 26.20, df = 1 (P < 0.00001), = %5.2% + 4 } ;

=20 -10 0 10 20

Favors free equivalents  Favors single pill

FIGURE 3. Stratified meta-analysis of adherence (mean medication possession ratio [MPRY]). Cl indicates confidence interval; IV, inverse variance;

SD, standard deviation.

Study or Single Pill Free Equivalent Risk Ratio Risk Ratio

Subgroup Events N Events N Weight M-H, Random, 95% CI M-H, Random, 95% CI

Brixner 2008 879 1628 107 561 19.9% 2.83[2.37,3.38) -

Dezii 2000 - Subgroup 1 1129 1644 361 624 20.2% 1.18[1.10, 1.28] -

Dezii 2000 - Subgroup 2 678 969 405 705 20.1% 1.22[1.13, 1.31] -

Hasford 2007 149 418 72 558 19.6% 2.76 [2.15, 3.55] -

Hess 2008 4212 7224 1077 T225 20.2% 3.91[3.69,4.15) L

Total (35% Cl) 11683 9673 100.0% 213[1.11, 4.09) P .

Total events 7047 2022

Heterogeneity: Tau? = 0.55; Chi? = 1013.28, df = 4 (P < 0.00001); I = 100%

Test for overall effect: Z=2.27 (P=0.02) t 4 4 |
02 05 1 2 5
Favors free equivalents  Favors single pill

FIGURE 4. Meta-analysis of persistence. Events represent the number of patients meeting the definition of persistence. Cl indicates confidence

interval; IV, inverse variance; SD, standard deviation.

of hypertension-related complications and decreased
medical care costs among individuals with 1m€roved
adherence to antihypertensive medications.”® The
meta-analyses presented here are consistent with those
individual studies, demonstrating better adherence and
significantly lower annual health care resource use
costs for patients taking SPC treatments for hyperten-
sion than for patients taking FEC regimens. The mag-
nitude of this cost reduction is variable, possibly due
to heterogeneity across study groups. Stratification of
results was limited by the small number of studies that

varied on other characteristics such as whether a
hypertension diagnosis was required, whether patients
were naive to antihypertensive treatment, which drug
classes were considered, and whether the data source
was a public or private health plan.

Overall, all-cause pharmacy costs were also shown
to be reduced for SPCs. The results from Maleskar!?
showing higher hypertension- or CV-related medica-
tion costs in the SPC group differed from other study
results but may be more reliable given the use of
matched cohorts.
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LIMITATIONS

The use of unadjusted costs is a limitation of the
meta-analysis, as underlying patient characteristics
could have contributed to differences in adherence and
costs across SPC and FEC medications. However, we
note that the unadjusted values used in meta-analyses
were generally consistent with author findings based
on adjusted regression analyses (where available).
Also, effects from matched cohorts were in the same
direction as other studies except for pharmacy costs.
The limited number of available studies restricted our
ability to perform subgroup analysis. Previous studies
have reported that adherence to antihypertensive ther-
apy can vary substantially among patient subgroups,
and not always in directions assumed a priori. Another
clear limitation of the meta-analyses is that variance
measures were unavailable from most studies and had
to be imputed for costs and adherence measures. Data
on use of specific health care resources were sparse
and not analyzed. Heterogeneity was present in the
analyses of each outcome, and attempts to explain it
by stratification were limited by the small number of
studies that varied on other characteristics such as
whether a hypertension diagnosis was required,
whether patients were naive to antihypertensive treat-
ment, which drug classes were considered, and
whether the data source was a public or private health
plan.

CONCLUSIONS

These meta-analyses compile the evidence showing
improved medication adherence and lower all-cause
health care costs for patients taking SPC products for
hypertension compared with patients taking free-
equivalent products. Other patient, physician, health
care system, and societal factors also influence selec-
tion for and adherence to antihypertensive therapy.
However, our findings suggest that interventions to
improve adherence to and persistence with antihyper-
tensive therapy should incorporate the use of SPC
medications among patients not adequately controlled
on a single agent. By minimizing the complexity of
treatment regimens and thus improving adherence and
persistence, strategies involving SPC therapy in this
population may both improve clinical outcomes and
reduce costs.

Disclosures: This study was funded by Daiichi Sankyo Inc. Dr Panjabi is an
employee of Daiichi Sankyo Inc, and the other authors are employed by
RTI Health Solutions, which receives funding from multiple pharmaceutical
companies.
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