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Abstract

Purpose

Deficiencies in medication adherence are a major barrier to effectiveness of chronic condi-
tion management. Continuity of primary care may promote adherence. We assessed the
association of continuity of primary care with adherence to long-term medication as exem-
plified by statins.

Research Design

We linked data from a prospective study of 267,091 Australians aged 45 years and over to
national data sets on prescription reimbursements, general practice claims, hospitalisations
and deaths. For participants having a statin dispense within 90 days of study entry, we
computed medication possession ratio (MPR) and usual provider continuity index (UPI) for
the subsequent two years. We used multivariate Poisson regression to calculate the relative
risk (RR) and 95% confidence interval (Cl) for the association between tertiles of UPI and
MPR adjusted for socio-demographic and health-related patient factors, including age, gen-
der, remoteness of residence, smoking, alcohol intake, fruit and vegetable intake, physical
activity, prior heart disease and speaking a language other than English at home. We per-
formed a comparison approach using propensity score matching on a subset of the sample.

Results

36,144 participants were eligible and included in the analysis among whom 58% had UPI
greater than 75%. UPI was significantly associated with 5% increased MPR for statin adher-
ence (95% CIl 1.04—-1.06) for highest versus lowest tertile. Dichotomised analysis using a
cut-off of UPI at 75% showed a similar effect size. The association between UPI and statin
adherence was independent of socio-demographic and health-related factors. Stratification
analyses further showed a stronger association among those who were new to statins (RR
1.33,95% CI 1.15—-1.54).
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Conclusions

Greater continuity of care has a positive association with medication adherence for statins
which is independent of socio-demographic and health-related factors.

Introduction

Poor adherence (also known as compliance) to long-term medication is a major issue under-
mining effective delivery of healthcare.[1] It is frequently overlooked by prescribing physicians
when intensifying treatment.[2, 3] Statins, as a case in point, are effective in primary prevention
of cardiovascular disease (CVD)[4] and are a central element of CVD risk management guide-
lines.[5]°[6] The rate of failure to maintain statin therapy for 12 months after initiation is high,
[7] even following acute coronary events.[8] Poorer levels of statin adherence are associated
with higher rates of long-term mortality after acute myocardial infarction[9] and in coronary
artery disease generally.[10] Risk factors for poor adherence to statins include dispensing for
primary (as compared to secondary) prevention[11, 12] and being a new statin user.[11] In
terms of strategies to improve adherence to lipid lowering drugs, reinforcement and reminder
have the best evidence.[13]

The relationship of continuity of care (CoC) to medication, including statin, adherence is
unclear. Brookhart et al.[14] found that physician visits-either to the physician who initiated
statin therapy, or to another physician-as well as cholesterol tests, myocardial infarction or
other CVD-related hospitalisation, were all associated with return to statin adherence. Adding
to the complexity, there is a ‘healthy user bias’ in statin adherence; that is, those who adhere to
statins tend to pursue other healthy practices, including seeking out preventative health ser-
vices in the form of screening tests and vaccinations,[15] and being more likely to be non-
smokers.[12, 16]

The present study utilised data from a large prospective study of Australians aged 45 and
over linked with national health databases to estimate the association of CoC on statin adher-
ence when adjusting for a range of patient characteristics.

Methods
Data sources

The 45 and Up Study is a cohort study of more than 260,000 men and women aged 45 years
and over resident in New South Wales (NSW), Australia; managed by the Sax Institute, it is an
open research resource to help facilitate research on health, ageing and quality-of-life.[17] Par-
ticipants for the 45 and Up Study were randomly sampled from the enrolment database of
Medicare Australia (Australia’s universal health insurance scheme) and joined the study by
completing a mailed self-administered questionnaire and providing written informed consent
for participation and long term follow-up, including linkage to health records. The response
rate was 18%.[17] Recruitment to the 45 and Up Study commenced in 2005 and was completed
in 2009. The data set for the present analysis was created by linkage of 45 and Up Study base-
line survey data to Australian Government and NSW state data sources as described below.
Through the Pharmaceutical Benefits Scheme (PBS), the Australian Government subsidises
essential medications[18] including statins. The PBS data provides a transaction record for
each subsidised dispense from a community pharmacy. Concession Card holders have a lower
subsidy co-payment threshold than general beneficiaries, and there is an annual Safety Net
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threshold of total family payments after which prescriptions are fully subsidised by the PBS.
[19] Concession Card holder status for PBS is granted for people aged 65 and over who meet
an income test, as well as for disability, low income or facing a large burden of dependants.[20]
The PBS data includes the recipient’s Concession Card status and whether the Safety Net
threshold had been reached at the time of the transaction.

The Medical Benefits Schedule (MBS) is Australia’s universal health insurance scheme for
subsidised medical care including general consultations, diagnostic tests and pathology ser-
vices. Only services attracting subsidy benefit are included in this database.

The NSW Admitted Patient Data Collection (APDC) is a routinely collected census of hos-
pital separations (discharges, transfers and deaths) from all NSW public and private sector hos-
pitals and day procedure centres.

The NSW Registry of Births, Deaths and Marriages (RBDM) data captures details of all
deaths registered in NSW.

The Sax Institute linked 45 and Up Study questionnaire data and MBS and PBS claims
using a scrambled Medicare number, while the Centre for Health Record Linkage (www.cherel.
org.au) performed linkage to the APDC and RBDM data using probabilistic methods and com-
mercial software (ChoiceMaker; ChoiceMaker Technologies Inc.). Quality assurance data show
false positive and negative rates for data linkage of 0.4% and less than 0.1%, respectively.

Participants and exclusion criteria

Using the linked data set, we identified 45 and Up Study participants who had (a) entered the
45 and Up Study (completed the baseline survey) between 1 July 2006 and 30 June 2009; and
(b) had a statin dispensed within 90 days of study entry. For these, we defined an evaluation
period (EP) of two years starting from study entry.

We excluded participants for whom we expected data capture in PBS claims data to be less
accurate. As such, we excluded those with any PBS transactions showing patient type “Gen-
eral-Ordinary” or “General-Safety Net” during the EP as many common statins fall under the
co-payment threshold for general beneficiaries and would not have been captured[21] (con-
versely, all statin dispensing for Concession Card holders would be subsidized and thus a
complete record of community based supply is expected during the EP). We also excluded par-
ticipants who held a Department of Veterans Affairs (DVA) healthcare card because Medicare
data do not capture all services provided to these cardholders. We excluded participants who
died during the EP as indicated by an RBDM record. We also excluded participants who had
>30 days in hospital during the EP as they might have received statin therapy as an inpatient
that was not captured by the PBS. Further exclusions were applied for participants with unusu-
ally high levels of medication supply and for participants with too few GP claims in the EP to
ensure the stable estimation of measures of CoC as described, respectively, in the ‘Outcome’
and ‘Measures of continuity of care’ sections below. A flowchart describing the inclusion and
exclusion of participants is shown in Fig 1.

Outcome

We assessed statin adherence in terms of a medication possession ratio (MPR), computed as
the proportion of days covered by dispensing to the patient as indicated from the PBS records
during the two-year EP. We took the commonly used threshold of MPR'80% to indicate
adherence.[22] Statins at all common strengths are packaged for 30-days’ supply per dispense;
thus, we defined MPR as the number of PBS records for statins (as per ATC[23] codes, includ-
ing combination products) with dispense dates within that participant’s EP divided by 24.

We excluded anomalous cases showing MPR > 130% as this represents more than 7 months
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267,091 total participants in
the 45 and Up Study

203,134 participants entered the
Study between 1 Jul 2006 and
30 Jun 2009

107,302 participants ever had
statin dispensing

61,178 participants had statin
dispensed within 90 days of
study entry

Exclude 21,292 participants
having one or more dispenses
where classified as General
Beneficiaries

39,896 participants

Exclude 330 participants having a
DVA card

39,566 participants

Exclude 1,242 participants who
died during the 2y evaluation

38,324 participants period

l Exclude 1,600 participants having

v >30d in hospital
36,724 participants

l Exclude 167 participants with

\’ MPR >= 130%
36,557 participants

Exclude 413 participants with
total GP claims in
36,144 cases for EP<3

CoC analysis

Fig 1. Participant case selection flowchart.
doi:10.1371/journal.pone.0140008.g001
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over-supply and is difficult to justify in terms of expected fluctuations in supply pattern (e.g. as
with a dose change).

Measures of continuity of care

We assessed continuity of care using all MBS claims categorised as ‘A1’ and ‘A2’ (general prac-
titioner attendances and other non-referred attendances to which no other item applies)[24]
during the EP, on the basis that while consultant (specialist) physicians may be involved in
commencement or adjustment of therapy, General Practitioners (GPs) are the usual providers
of statin therapy in the Australian healthcare system.

We defined continuity of care in two ways: firstly, using the usual provider continuity index
(UPI),[25] which measures the concentration of a patient’s total visits to the most common
provider of care; and secondly, using the ‘continuity of care score’ (CoC score),[26] which mea-
sures concentration of patient visits across providers. UPI and CoC scores were calculated
using the following formulae:

UPI — max(n,)

an? -N

CoC Score = N(N =)

where n; = number of visits that the participant has with their ith provider, max(n;) = number
of visits the patient has with the provider with whom they have the most visits, and N = total
visits. UPI and CoC scores are expected to be highly correlated[27] and accordingly we selected
UPI as the primary focus for our analysis, retaining CoC score for sensitivity analysis only. We
defined tertiles of UPI and CoC score and repeated the analysis using dichotomised cut-off of
UPI at 75%.[28]

Analyses were restricted to participants with 4 or more GP claims in the EP as there is lim-
ited granularity in possible continuity scores with a smaller number of visits.[29]

Statistical analyses

Given the common outcome, we used modified Poisson regression [30, 31] to estimate relative
risks (RRs) and 95% confidence intervals (CIs) for the association between CoC and MPR for
statin adherence. Covariates were extracted from the self-reported questionnaire in the 45 and
Up Study, except for new-to-statins status which we defined as no PBS record of statin dispens-
ing in the 24- month period prior to the EP. We built two sequential regression models: model
1, adjusted for age and gender only; and model 2, adjusted for age, gender and a range of other
socio-demographic and health-related variables. All covariates are described in Table 1. We
conducted a series of interaction analyses between UPI and each of the covariates and per-
formed stratified analyses only for the covariates that showed significant interaction (p<0.05).

We used propensity score matching as a sensitivity analysis to control for confounding. We
estimated the probability of being in each level of UPI (propensity score) using logistic regres-
sion conditioning on all variables listed in Table 1 and used a greedy matching technique[35]
to identify matched pairs of participants (1:1) with similar propensity scores. We used condi-
tional logistic regression to estimate the effect size of UPI on MPR in the matched subsets of
participants.

We carried out all analyses in SAS 9.3 (SAS Institute, Cary, NC).

The NSW Population & Health Services Research Ethics Committee (reference 2011/12/
362), the University of Western Sydney Ethics Committee (reference H9517), and the
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Table 1. Model predictors of adherence.

Model

Model 1 and
model 2

Model 2 only

Variable

Continuity of care

Age
Gender

Highest Education
Qualification

Aboriginal or Torres Strait
Islander

Language other than
English

Partnership Status
Private Health Insurance

Employment status
Annual income
ARIA+ Remoteness

Body Mass Index
Current Smoking Status
Alcohol Drinks / week

Sufficient Fruit and
Vegetables

Sufficient Physical Activity
Self-Rated Health
New to Statins

Self-Reported Heart
Disease

Comorbidities

Functional Limitations
Psychological Distress

Description

Usual Provider Continuity Score (UPI)[25] (tertile and dichotomous > 75%, proportion of visits to most-
visited provider); alternative: CoC score[26], concentration of patient visits across set of providers

At time of survey completion (July 1, 2006 —June 30, 2009)

As per Australian Medicare profile (which can be updated by the individual)

Self-reported

Self-reported
Language spoken at home

Marriage or partner versus never married, separated, divorced or widowed

Self-report of private insurance (at levels of basic private hospital cover or ‘with extras,’ indicating
additional cover for ancillary non-hospital services), or Health Care Card[20]

Including self-employed
Self-reported

Accessibility and Remoteness Index for Australia Plus (ARIA+) score for the postcode of residential
address*

From self-reported height and weightt
Self-reported

Self-reported

> 2 servings per day of fruit and 5 of vegetables

At least 150 MET (Metabolic Equivalent Task) adjusted minutes over 5 sessions per week
Self-reported “Overall health”

Considered ‘new’ to statin therapy if there are no PBS records of statins dispensed in the 2 years prior to
the study entry date

Response to “Has a doctor ever told you that you have any of the following. ..” with tick-box for Heart
Disease

Number of self-reported conditions, out of heart disease, high blood pressure, stroke, diabetes, blood
clot, asthma, Parkinsons disease, and any cancer except skin cancer

Medical Outcomes Study Physical Functioning (MOSPF) scale[32]
Kessler—10 (K10) score[33]

* ARIA+ is based on sum of ratios of road distances to population centers of five distinct sizes as compared to Australian national averages[34]. We label
ARIA+ bands: 0—1.84 = Metro; >1.84-3.51 = Inner Regional; >3.51-5.80 = Outer Regional; >5.80-9.08 = Remote; and >9.08 = Very Remote.
1 BMI categories are labelled conventionally as Underweight (BMI<20), Normal weight (BMI 20 —<25), Overweight (BMI 25 —<30) and Obese (BMI 30 and

higher).

doi:10.1371/journal.pone.0140008.t001

Aboriginal Health & Medical Research Ethics Committee (reference 832/11) approved the
research. The University of New South Wales Human Research Ethics Committee approved
the 45 and Up Study.

Results

We included for analysis 36,144 (13.5%) of the 267,091 participants in the 45 and Up Study
after exclusions as shown in Fig 1. Table 2 shows the ranges, statin adherence rates, and multi-
variate adjusted RR with 95% CI for statin adherence for UPI tertiles, dichotomised UPI and
CoC score tertiles with the two sets of covariates as per Table 1. The tertile cut-offs of UPI were
at 68.7% and 88.9%; 15,179 participants (42%) had a UPI < 75%. Compared to the lowest ter-
tile, the upper tertile of UPI was associated with a 5% increased MPR for statin adherence (CI
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Table 2. Relative Risk (RR) of continuity of care, measured by the Usual Provider Continuity Index (UPI) and the Continuity of Care score (CoC
score), on statin adherence (Medication Possession Ratio, MPR > 80%) in models adjusted for covariates as per Table 1.

Statin adherence (MPR > 80)

Range of continuity measure (min-max) No
UPI tertiles
Low 9.0-66.7 2768 (22.8)
Medium 66.8-88.9 2324 (19.1)
High 89.0-100 2163 (18.2)
UPI >0.75
No 9.0-74.9 3354 (22.1)
Yes 75-100 3901 (18.6)
CoC score tertiles
Low 0-48.5 2762 (22.9)
Medium 48.5-78.6 2298 (19.1)
High 78.6—100 2195 (18.2)

doi:10.1371/journal.pone.0140008.t002

Yes

9354 (77.2)
9825 (80.9)
9710 (81.8)

11825 (77.9)
17064 (81.4)

9290 (77.1)
9749 (80.9)
9850 (81.8)

Adjusted RR (95% Cl)

Model 1

1.00
1.04 (1.03-1.06)
1.05 (1.04-1.07)

1.00
1.04 (1.03-1.05)

1.00
1.04 (1.03-1.06)
1.05 (1.04-1.07)

Model 2

1.00
1.04 (1.02-1.05)
1.05 (1.04-1.06)

1.00
1.04 (1.03-1.05)

1.00
1.04 (1.03-1.05)
1.05 (1.04-1.07)

1.04-1.06). Dichotomised analysis showed that UPI at 75% or above was also associated with
increased likelihood of adherence (RR 1.04, 95% CI 1.03-1.05). The effect sizes of UPI on MPR
were independent of socio-demographic and health factors with model 1 and model 2 return-
ing nearly-identical results. As expected, UPI and CoC score were highly correlated, Pearson
correlation coefficient = 0.977; RRs by tertile were almost identical for UPI and CoC score.

Fig 2 shows the forest plot of adjusted RR and 95% CI from model 2 for tertiles of UPI and
covariates, with track marks to highlight comparison to UPI for the other variables. A number
of variables had RRs similar in magnitude to UPI. For lower adherence these were: university
level education, being single, being employed, highest income band, current smoker and high
to very high psychological distress. For higher adherence these were age 55-64 years, having
private health insurance, history of heart disease and having one comorbidity. Being new to
statins was the strongest predictor in the model (RR 0.68, 95% CI 0.64-0.72); age categories 65
+, speaking a language other than English at home and having two or more comorbidities also
had RRs clearly greater than that for UPL

Only new-to-statins status and speaking a language other than English at home were found
to have significant interaction with UPI on the association with MPR (p = 0.003 and p = 0.04,
respectively). Stratification analyses by new-to-statins status showed a greater effect on adher-

ence for those who were new to statins (model 2 RR 1.36, 95% CI 1.18-1.57 for medium versus
low tertiles and RR 1.33, 95% CI 1.15-1.54 for high versus low tertiles) than people who were
not new to statins (RR 1.03, 95% CI 1.02-1.04; RR 1.05, 95% CI 1.03-1.06 respectively). Simi-
larly, model 2 analysis stratified by language other than English spoken at home showed that
increased continuity had a greater impact among people who spoke a language other than
English at home (model 2 RR 1.07, 95% CI 1.01-1.13 and RR 1.12,95% CI 1.06-1.18, in
medium versus low and high versus low tertiles, respectively) as compared to people who
spoke only English at home (RR 1.03, 95% CI 1.02-1,05 and RR 1.04, 95% CI 1.03-1.06),
although to a lesser extent than in people who were new to statins.
Results of propensity matched analyses are shown in Table 3. In these analyses, higher levels
of UP], either in tertile categories or dichotomised cut-off, were significantly associated with
higher MPR for statin adherence. The effect size for the association between UPI and MPR
generated from propensity matched analysis was similar to that from Poisson regression
although the confidence intervals were wider.

PLOS ONE | DOI:10.1371/journal.pone.0140008 October 8,2015
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Variable Persons Adherent Relative Risk
N n (%ofN) RR  (95% Cls)

Total cohort 36,144 28889 (79.9%) - -
Usual provider index

Low 12122 9354 (77.2%) 1.00 (ref) [

Middle 12,149 9,825 (80.9%) 1.04 (1.02-1.05) —

High 11873 9,710 (81.8%) 1.05 (1.04-1.06) —_
Age

45-54 years 1,150 756 (65.7%) 1.00 (ref) L

55-64 years 6,088 4,632 (76.1%) 1.09 (1.04-1.14) _—

65-74 years 15996 12929 (80.8%) 1.12 (1.08-1.17) —_—

75-84 years 11362 9,341 (822%) 1.14 (1.09-1.19) —_—

85+ years 1,548 1,231 (79.5%) .13 (1.07-1.18) —_—
Gender

Males 17,586 14,222 (80.9%) 1.00 (ref) [

Females 18558 14,667 (79.0%) 099 (0.98-1.01) —
Highest education qualification

Did not complete high school 17,812 14,374 (80.7%) 1.00 (ref) [

High school or equivalent 13685 10,866 (79.4%) 0.97 (0.96-0.98) —

University or higher 3,664 2, 866 (78.2%) 0.96 (0.94-0.98) —
Aboriginal status

Non-Aboriginal 34925 27,929 (80.0%) 1.00 (ref) L

Aboriginal 271 213 (78.6%) 1.02 (0.96 - 1.08) —_—
Language spoken at home

English only 32,353 26,227 (81.1%) 1.00 (ref) [

Language other than English 3,791 2,662 (70.2%) 0.89 (0.87-0.91) —_——
Partnership status

Married or partnered 24,979 20,179 (80.8%) 1.00 (ref) [

Single 1,804 1372 (76.1%) 096 (0.94-0.99) B ——

Widowed or separated 9,112 7,143 (78.4%) 0.98 (0.96-0.99) —
Private health insurance

None 4,341 3392 (78.1%) 1.00 (ref) [

Private (extras) 12,388 10,199 (82.3%) 1.05 (1.03-1.07) —

Private (no extras) 5373 4390 (81.7%) 1.03 (1.01-1.05) —_—

Health care card 14,042 10,908 (77.7%) 1.00 (0.98-1.01) —a—
Employment status

Not working 31,950 25764 (80.6%) 1.00 (ref) [

Part time 2648 1,992 (752%) 0.96 (0.94-0.98) —

Full time 962 692 (719%) 0.93 (0.89-0.97) —_—
Annual income

<$20,000 14,165 11,247 (79.4%) 1.00 (ref) [

$20,000 - $49,999 10526 8517 (80.9%) 099 (0.98-1.01) —t

$50,000 - $69,999 1,289 1,027 (79.7%) 0.98 (0.95-1.01) —_—

$70,000 or more 570 435 (76.3%) 0.93 (0.89-0.98) —_—
Remoteness of residence

Major cities 16,147 12,762 (79.0%) 1.00 ref) [

Inner regional 13,207 10,732 (81.3%) 1.02 (1.01-1.03) —_-

Outer regional 6,105 4,867 (79.7%) 1.00 (0.99-1.02) ——

Remote/Very remote 683 526  (77.0%) 0098 (0.94-1.02) —_—
Body Mass Index

Underweight 9644 7585 (78.6%) 1.01 (0.99-1.03) =

Healthy weight 3205 2544 (79 4%) 1.00 re L

Overweight 13671 10988 (80.4%) 1.02 (1.00-1.03) —-—

Obese 8951 7237 (80.9%) 1.03 (1.01-1.04) —
Smoking status

Non-smoker 19520 15532 (79.6%) 1.00 (ref) [

Past smoker 14,486 11,800 (81.5%) 1.02 (1.01-1.03) —-—

Current smoker 1,896 1,363 (71.9%) 0.96 (0.93-0.99) —_—
Alcohol consumption pw

None 14,776 11,749 (79.5%) 1.00 (ref) [

1-4 drinks 6,113 4,834 (79.1%) 0.99 (0.97 - 1.00) —

5-7 drinks 4,754 3,872 (81.4%) 1.01 (0.99-1.03) -

8-14 drinks 5173 4176 (80.7%) 0.99 (0.98-1.01) —r

15+ drinks 4,216 3,404 (80.7%) 0.99 (0.98-1.01) —
Sufficient fruit and vegetable intake

No 25125 19,965 (79.5%) 1.00 (ref) [

Yes 9,264 7,563 (81.6%) 0.98 (0.97-1.00) —
Sufficient physical activity

No 15375 12,310 (80.1%) 1.00 (ref) [

Yes 20,769 16,579 (79.8%) 1.01 (1.00-1.02) ra—
Self-rated health

Excellent 1,880 1,455 (77.4%) (ref) [

Very good 9735 7,776 (79.9%) 1.01 (0.98-1.03) —

Good 14538 11,779 (81.0%) 1.02 (0.99-1.04) ———

Fair 6,908 5,493 (79.5%) 1.00 (0.98-1.03) —t—

Poor 1,203 992  (76.7%) 0.99 (0.95-1.04) _—
New-to-statin status

No 35129 28,351 (80.7%) 1.00 (ref) [

Yes 1,015 538  (53.0%) 0.68 (0.64-0.72) €
Self-reported heart disease

None 25279 19,741 (78.1%) 1.00 (ref) [

Ever 10,865 9,148 (84.2%) 1.05 (1.04-1.07) —-—
Number of comorbidities

None 7972 5992 (752%) 1.00 (ref) [

1 comorbidity 14,628 11711 (801%) 1.05 (1.03-1.06) —

2 comorbidities 9,706 7,975 (82.2%) 1.07 (1.06-1.09) —

3 or more comorbidities 3,838 3,211 (83.7%) 1.09 (1.07-1.11) —_—
Functional limitations

No limitation 4,249 3,296 (77.6%) 1.00 (ref)

Minor limitation 3,567 2,842 (79.7%) 1.00 (0.98-1.03 e

Mild limitation 6406 5241 (81.8%) 1.02 (1.00-1.04 =

Moderate limitation 8263 6679 (80.8%) 100 (0.98-1.02) ——

Severe limitation 9,283 7,438 (80.1%) 1.00 (0.98-1.02) —_—
Psychological distress

Low distress 27,407 22159 (80.9%) 1.00 (ref) [

Moderate distress 4,612 3,617 (78.4%) 098 (0.97-1.00) ——

High distress 1,760 1,321 75.1%) 0.97 (0.94 - 1.00) —_—

Very high distress 852 610  (71.6%) 0.94 (0.90 - 0.98) —_—

I I I I I

I
.85 9 9 1 105 11 1.15

Fig 2. Relative risk for statin adherence (MPR > 80%) of mutually adjusted covariates from model 2, with relation to the relative risk of the Usual
Provider Continuity Index (UPI) for highest versus lowest tertiles.

doi:10.1371/journal.pone.0140008.g002
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Table 3. Association between Usual Provider Continuity Index (UPI) and statin adherence (Medication Possession Ratio MPR > 80) using propen-
sity score matching”.

MPR > 80 RR (95% Cl)
Propensity match UPI (min-max) No Yes Crude Model 1 Model 2
Match 1
Low tertile 9.0-66.7 2529 (22.4) 8788 (77.6) 1.00 1.00 1.00
Medium tertile 66.8—-88.9 2185 (19.3) 9132 (80.7) 1.04 (1.01-1.07) 1.04 (1.01-1.07) 1.04 (1.01-1.07)
Match 2 1
Low tertile 9.0-66.7 2181 (22.7) 7444 (77.3) 1.00 1.00 1.00
High tertile 89.0-100 1781 (18.5) 7844 (81.5) 1.05 (1.02-1.09) 1.05 (1.02-1.09) 1.05 (1.02-1.09)
Match 3
UPI <0.75 9.0-74.9 3297 (21.9) 11742 (78.1) 1.00 1.00 1.00
UPI >0.75 75-100 2818 (18.7) 12221 (81.3) 1.04 (1.02-1.07) 1.04 (1.01-1.07) 1.04 (1.01-1.07)

* Separate propensity matches were performed for the usual provider continuity index between cohorts of (1) low and medium tertiles; (2) low and high
tertiles; (3) having a usual provider of care (UPI >0.75) or not. Propensity matching was performed using all covariates described in Table 1, including
age, gender, highest education qualification, Aboriginal or Torres Strait Islander status, language other than English spoken at home, partnership status,
private health insurance, employment status, annual household income, remoteness of residence, body mass index, current smoking status, alcohol
consumption, fruit and vegetable consumption, physical exercise, self-rated health, self-reported heart disease, number of comorbidities, functional
limitation, psychological distress, and new to statin status.

1 There were no significant differences (Chi-square p-value < 0.05) between matched cohorts in the distribution of variables used for propensity matching,
with the exception of physical activity and new to statin status within the cohort from Match 2.

doi:10.1371/journal.pone.0140008.t003

Discussion

We found that CoC was associated with greater adherence to statins. The magnitude and statis-
tical significance of this association was similar regardless of the covariates that were adjusted
for (age and sex only versus a wide range of socio-demographic and health related factors),
modelling method (Poisson regression versus propensity score matching) and CoC measure
used (UPI or CoC score). The findings are broadly consistent with a review that found CoC is
associated with improved patient outcomes[36] and with a study of US veterans that found
that those with three or more prescribers had lower refill adherence for dyslipidaemia medica-
tions.[37] Moreover, our findings suggest that the association of CoC with statin adherence

is not simply a ‘healthy user bias’, since it was robust to adjustment for a range of healthy
behaviours including smoking, alcohol intake, fruit and vegetable intake and physical activity.
Although some health behaviour and health status variables were significantly associated with
adherence (e.g. smoking status and prior heart disease), these did not appear to act as con-
founders or mediators of the CoC-adherence relationship, with the exception of new-to-statins
status.

In keeping with the meta-analysis by Lemstra et al.,[11] we found that patients who were
new to statins are at much greater risk of nonadherence. In addition, our stratified analysis
demonstrated that the CoC association was much stronger for those who were new to statins.
The findings are consistent with Brookhart et al.[14] with respect to positive association of
CoC and statin adherence for new statin users. We extended these findings to longer-term
statin users, and demonstrated the association to be largely invariant against socio-demo-
graphic and health related variables not available to the earlier study. Moreover, we found that
the associations between CoC and statin adherence were similar when comparing the effects of
the middle and upper tertiles versus the lowest tertile suggesting there was a threshold effect
rather than a trend with increasing level of CoC.
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Based on international findings, it is not surprising that we found patients in Australia
speaking a language other than English at home to have lower statin adherence. In looking at
cardiac medication use after acute myocardial infarction, Lai et al.[38] found some (although
inconsistent) adherence risk for Chinese and South Asian groups compared to non-Asian
Canadians. More consistent with our findings, Wisnivesky et al.[39] found limited English pro-
ficiency was associated with poorer self-management and worse outcomes among older people
with asthma with respect to Hispanic American populations. Our analysis suggests that the
association of CoC and statin adherence may be stronger for those speaking a language other
than English at home. Further study of the mechanisms by which this group is associated with
poorer adherence in the Australian context is warranted.

While the magnitude of the association we found between achieving higher tertiles of CoC
and the likelihood of high statin adherence appeared to be modest, its effect size was similar to
other recognised predictors of adherence, such as self-reported heart disease. The association
of statin adherence and outcomes has been demonstrated in a number of contexts. For exam-
ple, a longitudinal study among 31,455 elderly survivors in Ontario showed that low adherence
to statins in the year after hospitalisation for myocardial infarction was associated with between
12-25% increased risk of mortality.[9] Further, a cohort study of patients newly treated with
statins and initially free of cardiovascular disease showed that patients with low adherence to
statins were more likely to be hospitalised and had increased hospital costs.[40] Therefore,
even a small increase in likelihood of non-adherence could represent important information
about opportunities for improved disease management.

Our dispensing data was limited to records of government subsidies (i.e. we did not have
direct access to the data from pharmacies). As such, our analysis was restricted to participants
who were Concession Card holders throughout the two-year period for which we measured
adherence as only these participants had subsidy across the full range of statins during our
analysis period. We had previously found that similar factors influence statin adherence in
Concession Card holders and general beneficiaries.[12] Since our findings come from the Aus-
tralian context, where there is a substantial degree of universal health subsidy, we expect finan-
cial factors to play a stronger role in other healthcare systems; indeed Lemstra et al.[11] found
co-payment to be a significant factor for non-adherence, and found the reverse trend to the
present study with lowest rather than highest income associated with non-adherence. More-
over, the Australian system allows health consumers relatively free choice of providers.

It is possible that statin users in our analysis are not entirely representative of the broader
population. While 45 and Up Study participants had higher incomes, and lower prevalence of
smoking, psychological distress, hypertension, diabetes and asthma than respondents in a pop-
ulation health survey, the prevalence of other characteristics such as body mass index and falls
history was similar in the two studies.[41] We relied on self-reported data for some predictors,
including socio-demographic and health-related variables; validation studies involving partici-
pants in the 45 and Up Study, however, have found excellent agreement between self-reported
country of birth and that recorded in hospital data[42] and between body mass index catego-
ries from self-reported and measured data.[43] The very large size of the 45 and Up Study
means that there is substantial heterogeneity within predictor variables, which is required for
the valid estimation of relative measures of effect calculated, as here, from internal comparisons
within a cohort.[44]

We calculated CoC measures at the practitioner level only and therefore did not consider
the potential positive effect of continuity at the practice level that might come from use of prac-
tice-wide electronic medical records and recall systems. Unfortunately, Australian MBS data
do not include a practice identifier. Moreover, we calculated CoC and medication possession
concurrently in a 2-year time period. Thus, both factors could have been simultaneously
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influenced by unobserved variables (i.e. beyond those for which we adjusted in the analysis),
and findings from this study might not be generalised for the association of COC and medica-
tion adherence that was measured in a lagged time period.

In summary, we found that CoC is associated with greater adherence to statins, particularly
for patients who are new to statins. Our findings were observational and therefore do not
imply that manipulating CoC, if feasible, will improve overall rates of adherence. However,
they clearly indicate that when a patient has placed around 75% of their community care visits
in a single provider, they more often remain adherent to statins, regardless of demographic,
health status and behavioural factors. Our findings suggest that continuity-promoting
practices—such as follow-up and other aspects of a strong patient-provider relationship-are
promising for engendering better adherence to long-term medications and better CVD risk
management.
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