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Abstract

Background: Prescription drugs are used in people with hypertension, diabetes, and cardiovascular disease to manage their
illness. Patient cost sharing strategies such as copayments and deductibles are often employed to lower expenditures for
prescription drug insurance plans, but the impact on health outcomes in these patients is unclear.

Objective: To determine the association between drug insurance and patient cost sharing strategies on medication
adherence, clinical and economic outcomes in those with chronic diseases (defined herein as diabetes, hypertension,
hypercholesterolemia, coronary artery disease, and cerebrovascular disease).

Methods: Studies were included if they examined various cost sharing strategies including copayments, coinsurance, fixed
copayments, deductibles and maximum out-of-pocket expenditures. Value-based insurance design and reference based
pricing studies were excluded. Two reviewers independently identified original intervention studies (randomized controlled
trials, interrupted time series, and controlled before-after designs). MEDLINE, EMBASE, Cochrane Library, CINAHL, and
relevant reference lists were searched until March 2013. Two reviewers independently assessed studies for inclusion, quality,
and extracted data. Eleven studies, assessing the impact of seven policy changes, were included: 2 separate reports of one
randomized controlled trial, 4 interrupted time series, and 5 controlled before-after studies.

Findings: Outcomes included medication adherence, clinical events (myocardial infarction, stroke, death), quality of life,
healthcare utilization, or cost. The heterogeneity among the studies precluded meta-analysis. Few studies reported the
impact of cost sharing strategies on mortality, clinical and economic outcomes. The association between patient
copayments and medication adherence varied across studies, ranging from no difference to significantly lower adherence,
depending on the amount of the copayment.

Conclusion: Lowering cost sharing in patients with chronic diseases may improve adherence, but the impact on clinical and
economic outcomes is uncertain.
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Introduction

Access and adherence to medications is important in the
management of many chronic diseases, including cardiovascular
conditions [1-5]. Since medications are a major driver of health
expenditures [6], insurance plans have instituted a variety of cost
sharing strategies, such as copayments, aimed at reducing
expenditure on pharmaceuticals [7] (Box 1).
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The type of drug insurance that is available to citizens varies
internationally, as does the use of patient cost sharing strategies.
Many patients lack drug insurance or make some form of direct
payment for a portion of their prescriptions, which may constitute
a financial barrier to drug access [8,9] — especially since patients
with lower socioeconomic status are at higher risk of chronic
diseases [10—-12]. In a recent survey of Canadians with hyperten-
sion, diabetes or cardiovascular disease, nearly 10% identified a
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financial barrier to accessing drugs, and those with barriers were
50% less likely to receive statins than those without barriers [13].

A prior Cochrane review of studies published before 2008 found
low-quality evidence that fixed copayments and caps reduced
adherence to medications [14]. A separate review found that
higher levels of copayments were associated with poor adherence,
discontinuation and non-initiation of therapy [15]. We sought to
update previous reviews and determine the impact of drug
insurance (vs. no drug insurance) and varying levels of patient cost
sharing (i.e. copayment, deductible, caps, and maximum out-of-
pocket expenditure) on medication adherence, clinical and
economic outcomes in patients with cardiovascular-related chronic
disease. This work focused on cardiovascular related chronic
diseases given that long-term medication use (in addition to
lifestyle changes) is the mainstay of treatment in these conditions,
and that a large body of evidence shows that selected preventative
medications (i.e. antthypertensive agents, statins, and anti-diabetic
drugs) are effective in reducing morbidity and mortality [16-19].

Maximum out-of-pocket limit: a limit that is set as a fixed dollar
amount or as a percentage of income after which the insurer pays
100% of the drugs. Copayments and coinsurance are in place
prior to the limit being reached. Some studies refer to this as
catastrophic coverage limit

Methods

Data Sources and Searches

A librarian assisted search was performed of electronic
databases for English language studies, from inception until
March 2013 and included: MEDLINE, EMBASE, CINAHL,
Cochrane Controlled Trials Register, and Current Controlled
Trials. The full search strategy is available in Appendix S1 — in
brief, the key terms included: coronary artery disease, hypertension,
dyslipidemia, diabetes, peripheral vascular disease, stroke, transient ischemic
attack, heart failure, chronic kidney disease, insurance, pharmaceutical services,
health or for-profit insurance plans, reimbursement, Medicare, single-payer
system, copay, deductibles, coinsurance, and nsurance coverage. No
limitations were placed on patient characteristics, study duration
or outcomes; the bibliographies of included studies were also
searched independently by two reviewers (BSM and LB).

Box 1. Definition of Cost-Sharing Strategies to
Restrict Expenditures

® Full drug insurance: a policy where the patient does not
pay any out-of-pocket expenditure at the time the
prescription is dispensed.

e Cap: a limit below which a patient does not pay or has
reduced payments for prescriptions. After the cap is
reached full payment is required by the patient.

e Coinsurance: a system where a patient pays a set
percentage of the amount per drug or per prescription.

o Copayment: an amount per drug or per prescription that
a patient pays.

e Coverage gap: a gap between a cap and catastrophic
coverage where a patient is responsible for the full cost
of the drug.

® Deductible: a limit up to which a patient pays the full cost
of the drug. After the deductible is reached, the patient
either does not pay or has reduced payments for
prescriptions.

® Fixed copayment: a system where a patient pays a fixed,
or set, amount per drug or per prescription.
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Study Selection

Two reviewers (BSM and LB) independently screened citations
and determined eligibility in two stages. In the first stage, all
identified citations were reviewed, while the second stage
encompassed full-text review of selected abstracts to determine
eligibility. Disagreements were resolved by consensus or through
consultation with a third reviewer (BJM). Studies were included if
they focused on: adult patients with chronic disease (coronary
artery disease, hypertension, diabetes, hypercholesterolemia, and
cerebrovascular disease), and assessed the impact of full drug
insurance without cost sharing, or with lower level of cost sharing
as part of a drug insurance system against a comparator group.

We included studies that examined various cost sharing
strategies including copayments, coinsurance, fixed copayments,
deductibles and maximum out-of-pocket expenditures, defined in
Box 1. The cost sharing strategy for the intervention group was the
strategy with lower out of pocket payments for the patient, ranging
from no payment at all (full drug insurance) to some form of
payment. The comparator group had higher out of pocket
payments for the patient and ranged from no drug insurance (full
payment of pharmaceutical) to a higher level of payment relative
to the intervention group through the use of cost sharing strategies
such as copayments, fixed copayments, deductibles, coinsurance,
or maximum out of pocket expenditures.

Consistent with the Cochrane Effective Practice and Organi-
sation of Care Group [EPOC] taxonomy of health care policy
studies [20], we included: randomized controlled trials (RCTs),
non-randomized controlled trials, controlled before-after (CBA)
and interrupted time series (ITS) studies. Relevant outcomes
included: medication adherence, clinical events (myocardial
infarction, stroke, death), quality of life, healthcare utilization, or
cost. Studies were excluded if they: focused exclusively on children
or adolescents, or patients with medical conditions other than
chronic cardiovascular disease or one of its risk factors. Studies
were further excluded if the health policy focus was value-based
insurance, or reference based pricing.

Data Extraction and Quality Assessment

Two reviewers (BSM and LB) independently extracted data and
disagreements were resolved by consensus or through consultation
with a third reviewer (BJM). The quality of included studies was
evaluated using the Cochrane risk of bias tool for randomized
controlled trials [21], as well as the Cochrane EPOC taxonomy for
non-randomized trials, controlled before-after studies and inter-
rupted time series designs [20].

Data Synthesis and Analysis

As we anticipated substantial heterogeneity between the
outcomes reported across studies, we developed broad categories
of outcomes, and decided a priori not to pool the studies. Individual
study results are reported by type of intervention.

Results

The search yielded 3,122 citations, 72 of which were selected for
full-text review. Of these, 11 studies evaluating 7 different drug
msurance policy changes met our inclusion criteria (Figure 1): 2
separate reports of one randomized controlled trial (RCT), the
RAND trial [22,23]; 4 interrupted time series (I'TS) assessing three
drug policy changes [24-27]; and 5 controlled before-after (CBA)
studies assessing three drug policy changes [28-32] (Figure 2).
Seven of the studies were from the US, three were from Canada,
and one was from Taiwan with eight of the eleven studies focusing
on elderly patients.
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Figure 1. Flow diagram depicting included and excluded studies for the qualitative systematic review.

doi:10.1371/journal.pone.0089168.g001

Quality of Included Studies

The randomized controlled trial was rated as moderate quality
(Appendix S2). The other studies included in our review consisted
of I'TS designs (rated as high quality) and CBA studies (rated as
relatively poor quality) (Appendix S2).

Having Drug Insurance, Compared with No Insurance
Three studies compared those with no drug coverage to a group
that had stable uncapped drug coverage that remained unchanged
before and after the implementation of Medicare Part D
[27,30,31]. They found that in patients aged 65 or older with
hypertension, hypercholesterolemia, and/or diabetes, drug insur-
ance increased the odds of adherence to guideline-recommended
medications by 19-136% compared to those without drug
insurance coverage (Figure 3). In hypertensive patients aged 65
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or older, drug insurance was associated with a 2-fold increase in
the odds of using an antihypertensive agent compared to those
without drug insurance (Figure 3).

Zhang 2009 [27] also examined drug expenditures and found
that compared to those without drug insurance, drug insurance as
offered by Medicare Part D coverage was associated with higher
drug expenditures ($41 per month), but lower nondrug health care
expenditures for each patient (Figure 4). None of these studies
evaluated clinical outcomes.

Different Levels of Copayment

Seven studies (assessing five different policy interventions)
assessed the impact of varying levels of copayment, ranging from
full coverage (no payment from patient) to 95% patient copayment
on drug adherence (Figure 3).
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Study details

Policies examined

Primary Author ~ Study Study Setting Intervention & Comparator* No. of FIU
& Design Patients  (yr) £
Accrual Period 3|8 a 8o
82| |8%7%®
o8| s[985
£l 3|°|E83
g8 =5
= E
RAND trial RCT American families between the Full medical care vs. 3,958 5
ages of 14 & 61 were randomly 1. Individual-deductible plan: family paid 95% of cost
Brook 1983[22] assigned to one of four broad up to an annual OOP cost ($450/family)
categories of health insurance 2. Intermediate coinsurance plan: family paid 25 — v x x v
Keeler 1985[23] plans, covering all facets of 50% of health care costs up to $1000/yr
health care including drugs 3. Income-related catastrophic plans: family paid
1974-1982 95% of health care costs up to $1000/yr
Pilote 2002[24] ITS 265 from Quebec, Canada Full medical & drug coverage (plus $2 copay with 22,066 1
discharged after acute MI. Before  annual max OOP $100/year) vs.
1994-1998 and after policy change where 1. 25% coinsurance (annual max OOP $750/yr) v v % v
varying copay and deductible 2. 25% coinsurance & annual deductible added ($0-
added over two time periods $350/yr) + annual max OOP $750/yr
Liu 2004[28] CBA 265 from Taiwan with chronic Full drug coverage before and after policy change 470,029 2
disease randomly sampled from Vs,
1998-2000 21 hospital clinics before & after  All medications subjected to progressive v x x v
a policy change where coinsurance based medication cost (max OOP
coinsurance was introduced for $15.62 [US] per prescription) after policy change
some patient groups
Schneeweiss ITS 266 from BC, Canada Full drug coverage vs. 13,193 1
20072[25] discharged after acute M before 1. Copay of $25 ($10 for low-income seniors) per
& after policy change where prescription
2000-2004 varying copay & deductible 2. Copay replaced with 25% coinsurance & income- v v % v
added over two time periods. based deductible policy (waived for low-income
Examined adherence of beta- seniors)
blockers
Schneeweiss ITS As per above, but examined See Schneeweiss 20072 41,561 1
200701281 adherence to statins v v x v
2000-2004
Doshi 2009[29] CBA High risk patients with CHD from  Full drug coverage before & after policy change vs. 5,604 4
VA Medical Centre in 1. Moderate copay — copay increase from $2 to $7
1999-2004 Philadelphia, filled at least 1 lipid-  (annual max OOP of $840 for medication costs)
lowering medication in 24 months 2. Higher copay — copay increased from $2 to $7, v x x v
prior to policy change resultingin  with no annual medication max OOP limit
an increase in copay (from $2 to
$7) & change to max OOP
expenditure for some groups
Zhang 2009[27] ITS 265 with or without one ormore  People whose drug insurance improved after Part D 35,102 4
chronic conditions implementation to between $8-10 copay per generic
2003-2007 (hyperlipidemia, diabetes, &/or prescription, & $20-30 copay per brand-name
HTN) who were continuously prescription with caps of $150-350 per quarter, until
enrolled in Medicare Advantage reaching a cap of ~$2250/yr, & catastrophic
Plans after US Medicare’s coverage levels (~$5100/yr). Prior drug coverage for
implementation of Part D. Priorto  these people varied as follows:
Part D implementation (2006), 1. No coverage: patients without prior drug
three groups had no or limited insurance
coverage, while one group had 2. $150 cap: $12 & $20 copayment per
stable uncapped coverage which generic & brand-name prescription, v v v v
did not vary before & after Part D respectively with $150 cap & no coverage
implementation gap or catastrophic limit
3. $350 cap: $12 & $20 copayment per
generic & brand-name prescription,
respectively with $350 cap & no coverage
gap or catastrophic limit) vs.
No cap: Patients were subject to $10-20 copayment
per monthly prescription with no cap before and after
Part D implementation
Zhang 2010[30]  CBA 265 with HTN, hyperlipidemia, See Zhang 2009 27,938 4
&/or diabetes who were
2003-2007 continuously enrolled in Medicare \/ \/ \/ \/
Advantage Plans after US
implementation of Part D
Zhang 2011[31]  CBA 265 with HTN who were See Zhang 2009 16,002 4
continuously enrolled in Medicare
2003-2007 Advantage Plans after US v v v Vv
Medicare’s implementation of
Part D
Li2012[32] CBA 265 US Part D plan enrollees Patients who entered 2006 and who were ineligible 93,373 2
with hypertension or for low-income subsidies:
2005-2006 hyperlipidemia who had no 1. No gap coverage: 100% cost-sharing for
coverage, generic-only coverage, any drug
or both brand-name and generic 2. Generic gap coverage: 100% cost- v v v v

coverage during the gap in 2006.
Patients eligible for low-income
subsidy were control group. The
study evaluated the effect of
coverage gap on drug use

sharing for brand-name drugs
3. Brand-name & generic gap coverage: no
change in cost sharing for any drug vs.

LIS: not subject to increased payments during
coverage gap and whose total annual drug spending
exceeding the coverage gap threshold ($2250)

v'= Reported in the study
Abbreviations: CAN, Canada; copay, copayment(s); CBA, Controlled before and after study; CHD, coronary heart disease; F/U, follow-up; HTN, hypertension;
ITS, Interrupted time series analysis; max, maximum; LIS: low-income subsidy; OOP, out-of-pocket; RCT, Randomized controlled trial; TAI, Taiwan; USA;

United States of America; VA, Veterans Affairs; yr, year; vs. versus

Figure 2. Overview of included studies.

% = Not reported in the study

doi:10.1371/journal.pone.0089168.9g002
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*Intervention is included on the first line followed by the comparator (numbered below).
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Randomized-Controlled Trial

Study: RAND Trial Keeler 1985 23]

Outcome(s) Measured Results
‘Atstudy end Free plan (%) Cost-sharing plan (%) pvalue
Use of diuretic or other antihypertensive (BP>159/94 mmHg) 648 447 <0.001
Continuous supply of at least one antihypertensive prescribed 842 793 NS

Interrupted Time Series

Study: Pilote 2002 [24]

Outcome(s) Measured Results
Prescription rates after policy change Adjusted OR" El pvalue
(Comparatorfintervention)
Beta-blockers 089 0.80-0.99 S
ACE inhibitors 098 0.88-1.09 NS
Lipid-lowering agents. 103 0.89-1.19 NS
ASA 097 087-1.09 NS
Study: Schneeweiss 2007°(25] & 2007°[26]
Outcome(s) Measured Results
Monthly beta-blocker adherence Change in adherence (%) El
Difference b/ copay & intervention 13 2510-0.04
Diference bt coinsurance & intervention 008 201003
90-day statin adherence Change in adherence (%) cl
Difference b/t copay & intervention 54 641044
Difference b/t coinsurance & intervention 54 631044

Controlled Before-After Studies

Study: Doshi 2009[29]

Outcome(s) Measured Results
Adherence (per month) bit comparator and intervention Adherence adjusted OR" 5] pvalue
(PDC 280
‘Moderate copay vs. intervention 073 057-095 0017
Higher copay vs. intervention 061 0.47-080 <0.0001
gap of 90 days bit comparator and i Adherence adjusted OR" cl p-value
(PDC 280)"
‘Moderate copay vs. intervention 185 143-2.40 <0.0001
Higher copay vs. intervention 304 229-403 <0.0001

‘Study: Zhang 2010[30] & 2011(31]
‘Outcome(s) Measured Results

Tmpact of Medicare Part D on likelihood of good medication adherence (MPR 20.8)
and use of antihypertensive agents

No coverage vs. intervention OR (multivariate 2-year Part D effect) Cl
Hyperlipidemia 167 1.35-207
Diabetes 236 181-3.08
Hypertension 209 182-2.40
ACE inhibitor 133 120-1.48
ARB 152 134-172
119 1.09-1.31
Beta-blockers 145 1.32-1.60
Diuretics 138 125-153
Capped coverage vs. intervention OR (multivariate 2-year Part D effect) cl
Hyperlipidemia 114 1.06-1.24
Diabetes 121 1.06-1.39
Hypertension 114 1.05-1.23
ACE inhibitor 1.05 1.00-1.11
ARB 1.00 095-1.04
ccs 1.03 098-1.08
Beta-blockers 1.08 1.03-1.13
Diuretics 101 096-1.06
Study: Li 2012(32]
‘Outcome(s) Measured Results
"Association of coverage gap with Adjusted OR ] Adjusted OR cr
i i ~lipid-lowering
'No gap coverage vs low income subsidy 160 150-1.71 159 150168
Generic cap coverage vs low income subsidy 150 130-173 135 120-152
Brand-name & generic gap coverage vs low 1.00 088-1.15 082 074-092
income subsidy
Association of coverage gap with Adjusted OR ] Adjusted OR a
continuous medication gap 230 days ~antihypertensives ~lipid-lowering
No gap coverage vs low income subsidy 135 125-145 138 129-146
Generic cap coverage vs low income subsidy 148 126-173 129 114-147
Brand-name & generic gap coverage vs low 092 078-1.08 078 069-0.88

income subsidy

T All odds ratios are expressed as the adjusted values from each study

A Decrease not y sigr
Capped coverage denotes $350 cap

 PDC: calculated as the number of days with lipid-lowering drugs supply on hand divided by the number of days in the specified time period

* MPR: proportion of days during a given year that a subject had possession of any drugs used to treat chronic iiness

ACE, ARB, blocker; ARR, y rate ratio ASA, : bt between
ccs, blocker; Cl, copay, d, days; DBP, diastolic blood pressure; DMA, daily medications available:

HDHP, high-deductible health plan; LIS, low-income subsidy; MI, myocardial infarction; med, medication; MPR, medication possession ratios; NR, not reported;
NS, not significant; OOP, out-of-pocket; OR, odds ratio; PDC, proportion of days covered; yr, year

Figure 3. The association between cost sharing and medication
utilization and adherence.
doi:10.1371/journal.pone.0089168.9g003

The RAND RCT compared full healthcare insurance with
three different cost sharing strategies. In a sub-group analysis, they
found that in patients with hypertension, full drug insurance led to
higher use of antihypertensive medications at the exit screening
examination (20% absolute increase) compared to each of the
three cost sharing strategies [23]. One study from Quebec found
no apparent decrease in medication adherence (Figure 3) when a
minimal copayment was changed to 25% coinsurance [24] (see
Figure 2 for more detail on policy change). Another study from
British Columbia noted no change in beta-blocker initiation in
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elderly post-myocardial infarction patients when full drug cover-
age was changed to a fixed copayment, with a subsequent addition
of coinsurance plus deductible. However, a small decrease was
noted in adherence over time [25]. A third study examined the
association between the same policy change and use of statins in
British Columbia, and found no decrease in statin initiation over
time, but did observe a 5% decrease in adherence during follow-
up [26]. In a high risk group of US veterans with coronary disease
[29], increasing copayment by $5 per prescription, with or without
an annual maximum out-of-pocket expenditure, resulted in a 30—
40% lower adjusted odds of adherence across a variety of measures
(Figure 3).

Clinically relevant outcomes were reported in two studies. The
sub-group analysis of the RAND trial reported that full insurance
was associated with a statistically significant decrease in diastolic
blood pressure (—1.9 mmHg, 95% CI —3.5 to —0.3 mmHy), as
compared to the three cost sharing strategies (Figure 5). The
Quebec study found no difference in death, myocardial infarc-
tions, heart failure, or angina after changing from a small
copayment to 25% coinsurance (Figure 5). Though expenditures
were not reported in any of the studies, the addition of a 25%
copayment did not appear to increase admissions to hospital or the
emergency room in Quebec [24].

Deductibles

The impact of deductibles was assessed in the studies from
Quebec and British Columbia [24-26]. The Quebec study found
that introduction of the cost sharing strategy was not associated
with a decrease in drug use (Figure 3). In the two British Columbia
studies, evaluating one policy, there was no association between
introduction of the deductible and adherence to beta-blockers or
statins, compared with only a fixed copayment. However, being
subject to a 100% copay, for those who had not yet reached their
deductible, was associated with a 2-fold increase in the risk of
discontinuing statins [26].

Maximum Out-of-Pocket Limits and Coverage Gaps

Few studies evaluated changes in the maximum out-of-pocket
limit, outside of other policy changes. In a high risk group of US
Veteran’s Administration patients with coronary heart disease,
there was a slight decline in adherence in patients without an
annual maximum out-of-pocket expenditure, compared to those
with a maximum out-of-pocket expenditure ($840 US per year)
(Figure 3) [29]. In Quebec, a change from minimal copayment ($2
CDN per prescription; annual maximum of $100 CDN) to 25%
coinsurance, with a $250-$750 CDN annual maximum out-of-
pocket expenditure had no apparent change in medication use
(Figure 3).

A study by Li et al examined the effect of a coverage gap in a
group of elderly Part D enrollees who were ineligible for low-
income subsidies with elderly Part D enrollees who were eligible
for low-income subsidies. As of 2006, the standard Medicare Part
D design has a coverage gap, where a beneficiary has to pay 100%
of drug costs after total drug spending exceeds an annual threshold
of $2250 in 2006 [32]. This study found that the Part D coverage
gap was associated with a 1.5-fold increased probability in
nonadherence to antihypertensive and lipid-lowering agents in
those who entered the coverage gap phase in 2006 with no
coverage (Figure 3).

Discussion

Our systematic review identified 11 studies, comparing 7 policy
changes assessing drug insurance and patient cost sharing
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Interrupted Time Series

Study: Zhang 2009[27]

Outcome(s) Measured Results
Impact of Medicare Part D on drug expenditures Monthly drug expenditures ($US) Cl p-value
No coverage vs. no cap 411 32.7t049.6 NR
Capped coverage§ vs. no cap 12.8 3.87 t0 21.69 NR
Impact of Medicare Part D on medical (non-drug) expenditures Monthly drug expenditures ($US) Cl p-value
No coverage vs. no cap -33 -29 to -37 NR
Capped coverage§ vs. no cap 30 25to 36 NR

Controlled Before-After Study

Study: Liu 2004[28]

Outcome(s) Measured Results

Impact of Medicare Part D on drug expenditures: Expenditure ($US) %Change p-value
Average drug cost per prescription (pre vs. post)

Full drug coverage 45.58 vs. 47.31 3.8 0.0001
Cost-sharing 33.87 vs. 35.77 5.61 0.0001

Average drug cost per day (pre vs. post) Expenditure ($US) %Change p-value
Full drug coverage 1.54 vs. 1.59 3.25 0.0005
Cost-sharing 1.58 vs. 1.66 5.06 0.0001

§Capped coverage denotes $350-cap
Abbreviations: Cl, confidence interval; NR, not reported

Figure 4. The association between cost sharing and drug and non-drug expenditures.
doi:10.1371/journal.pone.0089168.g004

Randomized-Controlled Trial

Study: RAND trial; Keeler 1985[23]

Outcome(s) Measured Results
At study end Adjusted mean difference (free versus cost-sharing) Cl p-value
Systolic blood pressure (mmHg) -1.8 -4.5t0 0.6 NS*
Diastolic blood pressure (mmHg) -1.9 -3.5t0-0.3 <0.05

Interrupted Time Series

Study: Pilote 2002 [24]

Outcome(s) Measured Results
Change over time p-value
Mi No change over time NR
HF No change over time NR
Angina No change over time NR
Death No change over time NR

*p-value not provided

Abbreviations: Cl, confidence interval; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; NR, not reported; NS, not significant

Figure 5. The association between cost sharing and clinically relevant outcomes.
doi:10.1371/journal.pone.0089168.g005
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strategies (1.e. copayment, deductible, caps, and maximum out-of-
pocket expenditure) in patients with or at risk for cardiovascular
disease. Although data on clinical outcomes was not widely
reported, our review found that providing drug insurance to
people with chronic diseases who have no drug insurance appears
to increase appropriate use of and adherence to drugs.

The proportion of the US gross domestic product that is spent
on health care has more than tripled over the past 30 years [33].
Prescription drugs constitute a significant proportion of overall
healthcare costs, with current annual spending for prescription
drugs in the US at $259 billion, projected to double over the next
decade [34]. One mechanism that has been devised to reduce the
financial burden to insurance plans is to shift the burden from the
msurer to patients [35,36]. This shift of financial responsibility
may lead to underuse of potentially important medications in
people with chronic conditions [37,38].

Previous reviews have examined the relationship between drug
msurance and health care utilization [39] or various policies
regarding direct payment of drugs [14]. Our search strategy, and
the results of our search, were compared with the Cochrane review
[14]. Our search strategy captured all relevant studies identified in
the Cochrane review, along with additional newer studies which
focused on the subset of people with or at risk for cardiovascular
disease. Like others, we found that the addition of drug insurance
for those without previous drug insurance appears to consistently
increase adherence to medications, and that increased costs on
drug expenditures may be offset by decreased costs in non-drug
expenditures [27,30,31]. In general, studies evaluating cost sharing
strategies appeared to have conflicting results with some studies
showing significant differences in some outcomes such as the
RAND trial [23], Doshi [29], and Zhang 2010 and 2011 [30,31];
while other studies such as the studies out of Quebec [24] and
British Columbia [25,26] demonstrated no discernable difference
in outcomes. Since the cost sharing policies differed from study to
study it is worthwhile discussing the different strategies used in the
studies in our review. In the studies we included, the use of
increasing patient copayments (up to 25% patient copayment)
does not appear to reduce the appropriate initiation of medica-
tions, but is associated with a small reduction in medication
adherence, when compared to full drug coverage. The RAND
trial had a significant increase in copayments, which included up
to 95% copayments as part of its cost sharing strategy. This study
also provided insights into the change in adherence associated with
full drug insurance, as it noted a 20% absolute increase to
antihypertensive agents compared to the cost sharing group. As
such, we can infer that a small copayment (up to 25%) does not
appear to impact adherence, while large copayments (95% copay)
may have a substantial impact on medication adherence.
Furthermore, the impact on adherence may be more significant
in those with low socioeconomic status [29], providing some
insight into vulnerable populations in whom policy makers may
consider waiving copayments.

While the use of deductibles (up to $350 per year) does not
appear to have a significant impact on medication adherence, one
study reported that 100% copayment (i.e. those who had not yet
reached the deductible level) was associated with a two-fold
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deductibles and the coverage gap for those from a lower
socioeconomic status may be a consideration for policy makers.
It is uncertain whether there is a linear relationship between the
deductible and adherence though our results suggest there may be
a threshold effect. Finally, the impact of a maximum out-of-pocket
limits was uncertain [24,29].

Our review has some limitations: we limited our search to
English language studies and may have missed non-English
language studies. Furthermore, the heterogeneity of the studies
prevented us from obtained pooled estimates of the overall effect of
drug insurance on our outcomes of interest. Our review focused on
patients with or at risk for cardiovascular diseases, and it is possible
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Our review shows that providing drug insurance to those with
or at risk for cardiovascular disease who have no insurance
improves drug adherence. The impact of cost sharing strategies is
less certain, though patient cost sharing in people of lower
socioeconomic status may adversely impact adherence. Policy
makers should be aware that copayments and deductibles, while
reducing cost for the payer, may influence medication adherence
and ultimately health outcomes — especially for those of lower
socioeconomic status.
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