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BACKGROUND: Regularity and continuity of general
practitioner (GP) contacts are associated with reduced
hospitalisation. Opportunities for improved medication
management are cited as a potential cause.
OBJECTIVE: Determine associations between continuity
and regularity of primary care and statin use amongst
individuals at risk of cardiovascular disease (CVD)
outcomes.
DESIGN: Observational cohort study using self-report
and administrative data from 267,153 participants of
the Sax Institute’s 45 and Up Study conducted in New
South Wales, Australia. from 2006 to 2009. Medicare
Benefits Schedule (MBS) and Pharmaceutical Benefits
Scheme (PBS) data, from Services Australia, were linked
to survey, hospital and death data by the NSW Centre for
Health Record Linkage.
PARTICIPANTS:The 45 andUpStudy participants at risk
of CVD outcomes based on self-report and administrative
data, divided into existingusers andpotential users based
on dispensing records through the exposure period.
MAIN MEASURES: The Continuity of Care index (COC),
measuring whether patients see the same GP, and an
index assessing whether GP visits are on a regular basis,
measured from July 2011 to June 2012. Amongst poten-
tial users, statin initiation from July 2012 to June 2013
was assessed using logistic regression; amongst existing
users, adherence was assessed from July 2012 to
June 2015 using Cox regression (non-adherence being
30 days without statins).
KEY RESULTS: Amongst 29,420 potential users, the
most regular quintile had 1.22 times the odds of initiating
statin (95%CI 1.11–1.34), while the high continuity group
had an odds ratio of 1.12 (95%CI 1.02–1.24). Amongst
30,408 existing users, the most regular quintile had
0.82 the hazard of non-adherence (95%CI 0.78–0.87);
the high continuity group had a hazard ratio of 0.89
(95%CI 0.84–0.94).
CONCLUSIONS: Regularity and continuity of care impact
on medication management. It is possible that this medi-
ates impacts on hospitalisation. Where there is a risk of
unobserved confounding, potential causal pathways
should be investigated.
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INTRODUCTION

Within primary care, continuity of care can be defined as a
relationship between a practitioner and patient extending be-
yond specific episodes of illness or disease, implying a sense
of affiliation.1 Definitions describe continuity as including
multiple dimensions, for example the 1975 definition by
Hennen2 which outlined chronological, geographical, interdis-
ciplinary and interpersonal continuity. Continuity of care has
been demonstrated to be associated with reduced hospitalisa-
tions,3–8 emergency department use,6, 7, 9 mortality3 and
healthcare costs.3, 4, 6, 8 Although there are many indices for
measuring continuity of care,10, 11 most measure whether a
patient consistently visits the same general practitioner (GP) or
switches between providers. In recognition of the broader
definitions of the concept, our research group has assessed
continuity by measuring the regularity of GP contact, as
distinct from the frequency of contact. In this context, frequen-
cy refers simply to the number of GP contacts a patient may
have through a measurement period, while regularity refers to
the spread of these visits over time. Regular GP contact may
reflect a planned and proactive approach to care, while irreg-
ular contact (a period without any GP contact followed by
repeated visits in a short timeframe) may reflect more reactive
care. Regular GP contact has been demonstrated to be associ-
ated with improved outcomes, including reduced hospital use
in certain chronic conditions.12, 13

Researchers assessing these relationships generally describe
potential causal mechanisms via which GP contact may affect
hospitalisation. These include an improved knowledge of the
patient’s health by the GP, an improved ability to detect and
respond to problems and an improved patient-provider com-
munication.3, 5, 7, 14 Many also suggest that where continuity
of care exists, patient adherence with treatment may im-
prove,3–7, 15–21 resulting from increased trust in the doctor.2,
5–7, 9, 22 In comparison to the volume of research assessing
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downstream outcomes of hospitalisation and mortality, there
is little research assessing intermediate outcomes such as the
medical management of conditions. Understanding the effects
of GP contact on these outcomes is an important step to
determining potential causal pathways, and hence suitability
of these exposures as intervention targets.
In assessing medical management, statins present a suitable

area of study, on account of their impact on hospitalisation,23–
26 evidence that many people at high risk of cardiovascular
events do not initiate statins through primary care,27, 28 and
evidence indicating that adherence is often poor amongst those
using statins.29–31 Improved statin use therefore presents a
pathway via which regularity/continuity of GP contact may
influence hospitalisation. One previous study has assessed
associations between continuity of care32 (i.e. repeat visits to
the same provider) and statin adherence amongst existing
statin users, finding higher continuity to be associated with
improved adherence. Gaps remain in the literature concerning
the impact of continuity of care on the initiation of new statin
therapy amongst those at risk. Additionally, the effect of
regularity of GP contact on statin use has not been investigat-
ed; hence, there is potential for an improved understanding of
the patterns of GP contact on statin outcomes.
The objective of this project was to determine associations

between regularity/continuity of GP contact and statin initia-
tion and adherence, amongst a cohort of patients at high risk of
cardiovascular disease (CVD) or who had a prior history of
CVD over a 3-year period of follow-up.

METHODS

Data

This study used the Sax Institute’s 45 and Up Study,33 based
in the population of the state of New South Wales (NSW),
Australia. Prospective participants were randomly sampled
from the Services Australia (formerly the Australian Govern-
ment Department of Human Services) enrolment database,
which provides near-complete population coverage. People
80+ years of age and residents of rural and remote areas were
oversampled. A total of 267,153 participants joined the study
by completing a baseline questionnaire (between January
2006 and December 2009) and giving signed consent for
follow-up and linkage of their information to routine health
databases. About 18% of invitees participated and participants
included about 11% of the NSW population aged 45 years and
over.
This study used the Study baseline questionnaire

(https://www.saxinstitute.org.au/our-work/45-up-study/)
linked to (i) the NSW Admitted Patient Data Collection
(APDC), covering all public and private hospital dis-
charges (2005–2017); (ii) the Pharmaceutical Benefits
Scheme (PBS) capturing dispensed subsidised prescrip-
tion medicines (2005–2017); (iii) the Medicare Benefits
Schedule (MBS) covering all claims for medical and

diagnostic services through Medicare, Australia’s univer-
sal health insurance scheme (2005–2017); and (iv) the
NSW Register of Births Deaths and Marriages (RBDM)
(2006–2017). Linkage of APDC and RBDM to the
survey data was conducted by the NSW Centre for
Health Record Linkage (http://www.cherel.org.au).
MBS and PBS data were supplied by Services Australia
and linked by the Sax Institute using a unique identifier
provided by Services Australia. Quality assurance of the
data linkage method showed false-positive and false-
negative rates of <0.5 and <0.1%, respectively.34

CHeReL performs linkage using probabilistic matching
complemented by a clerical review of uncertain matches,
with reviews of random samples for quality assurance.
Approvals were provided by the Curtin University Human

Research Ethics Committee and the NSW Population and
Health Services Research Ethics Committee. The 45 and Up
Study was approved by the University of NSW Human Re-
search Ethics Committee.

Cohort

Our study included individuals aged 55–75 at risk of CVD as
of July 2011. It was selected following Liu et al.35 with
modifications.
The cohort consisted of two groups: those at high risk

of CVD (primary prevention group) and those with a
history of CVD. Those at high risk of CVD were
selected using self-reported age, sex, diabetes status,
smoking status, hypertension and high cholesterol, based
on a threshold equivalent to a risk of CVD over 5 years
of >15% (details in Appendix 1). Those with a history
of CVD were captured from (i) hospitalisation with a
diagnosis of ischaemic heart disease (IHD), transient
ischaemic attack (TIA), ischaemic stroke, atrial fibrilla-
tion or other CVD, or a procedure pathognomic of IHD;
(ii) MBS items pathognomic of IHD or ischaemic
stroke; (iii) PBS records for drugs pathognomic of
IHD; or (iv) self-reported heart attack/angina/stroke or
self-reported operation for heart disease or TIA (codes
in Appendix 1).
The cohort was further divided into two sub-cohorts ana-

lysed separately: those taking statins during the exposure
period, for whom adherence was assessed, and those who
had no history of statin use, for whom the outcome was statin
initiation. These are called ‘existing users’ and ‘potential
users’, respectively.
Exclusions were as follows: apparent linkage errors, poten-

tial users who died during follow-up, anyone who died prior to
the end of the exposure period, those with fewer than three GP
contacts during the exposure period as regularity and continu-
ity could not be calculated and those who received statin
medication during the pre-exposure period but not the expo-
sure period as categorisation of their usage is unclear. A flow
chart is included in Appendix 2.
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Design

Figure 1 presents information assessed in the pre-exposure
(July 2006–June 2011), exposure (July 2011–June 2012) and
follow-up (July 2012–June 2015) periods.

Exposure Variables

Exposures were regularity and continuity of GP contact. GP
contact was captured based on MBS claims for ‘attendances
by General Practitioners.’36 Regularity refers to the distribu-
tion of GP contacts over time, as distinct from the frequency
(number) of contacts, with regularly spaced visits assumed to
indicate planned, proactive care. This was captured using our
Modified Regularity Index37, based on the variation in the
number of days between GP contacts. For each GP visit, the
number of days since the prior visit is counted, and the
coefficient of variation in this number of days calculated. An
index (R) is calculated using the formulaR=1/1+(coefficient of
variation (days between visits)). This ranges from 0 to 1 (1

being most regular) and is grouped into quintiles based on the
score’s distribution within each cohort.
Continuity measures assess whether a patient is consistently

seeing the same GP, or switching between providers. Conti-
nuity was measured using the Continuity of Care (COC)
index38 which assesses the dispersion of visits across pro-
viders:

COC ¼ ∑M
j¼1n

2
j−N

N N−1ð Þ

where N is the total number of GP visits, nj the number of
visits to GP j; j, a given GP; and M, the number of GPs. This
formula results in a score ranging from 0 to 1. For analysis,
patients are often categorised to aid interpretation though there
are no universally accepted cut-offs for categorisation;3, 7 in
this study, patients were allocated to four groups: low (index
range 0–0.49), moderate (0.5–0.74), high (0.75–0.99) and
perfect (1) continuity.

Table 1 Demographic Characteristics of 45 and Up Participants at High Risk for Cardiovascular Events According to Statin Usage during July
2011–June 2012 Exposure Period

Variable Potential users Existing users Statistical significancef

n % n %

Age 55–60 7,974 27.1 5,648 18.57 Chi2 (3) = 814, p<0.001
60–65 8,128 27.63 7,898 25.97
65–70 7,537 25.62 9,185 30.21
70–75 5,781 19.65 7,677 25.25

Gender Male 21,597 73.41 19,263 63.35 Chi2 (1) = 699, p<0.001
Female 7,823 26.59 11,145 36.65

Overall health rating a Excellent 3,058 10.39 1,939 6.38 Chi2 (5) = 817, p<0.001
Very good 10,676 36.29 9,238 30.38
Good 10,717 36.43 12,177 40.05
Fair 3,643 12.38 5,194 17.08
Poor 549 1.87 935 3.07

Quality of life rating a Excellent 5,887 20.01 4,829 15.88 Chi2 (5) = 336, p<0.001
Very good 10,768 36.6 10,378 34.13
Good 8,537 29.02 9,785 32.18
Fair 2,518 8.56 3,298 10.85
Poor 420 1.43 603 1.98

Smoking status a Never smoker 10,206 34.69 12,495 41.09 Chi2 (3) = 299, p<0.001
Current smoker (at baseline survey) 2,614 8.89 2,298 7.56
Ex-smoker (at baseline survey) 16,548 56.25 15,492 50.95

CVD status High CVD risk 20,611 70.06 15,171 49.89 Chi2 (1) = 2500, p<0.001
History of CVD 8,809 29.94 15,237 50.11

Dispensing in follow-up year No 21,854 74.28 N/A N/A
Yes 7,566 25.72

Prescriber b GP N/A 24,913 81.93 N/A
Other 4,681 15.39

Dosage b, c Low N/A 918 3.02 N/A
Moderate 16,692 54.89
High 11,984 39.41

Outcome Failure (non-adherence recorded) N/A 16,360 53.80 N/A
No failure (remained adherent) 13,146 43.23
Censored by death 902 2.97

Variable Median IQR Median IQR Statistical significanceg

Frequency 7 5–11 9 6 - 14 Z = - 38.31, p<0.001
Comorbidity measures RxRisk (5 years) d 3 1–6 6 4 - 8 Z = - 84.93, p<0.001

MACSS (5 years) e 3 0–5 3 1 - 6 Z = - 27.66, p<0.001
Total 29,420 30,408

aCells do not sum to total due to missing responses
bReports characteristics of first statin dispensation within exposure year
cGraded following Chou et al. 201645
dNumber of 46 RxRisk conditions based on prior 5 years of medication dispensing records43
eNumber of Multipurpose Australian Comorbidity Scoring System (MACSS) conditions recorded in prior 5 years of hospitalisation records44
fBased on chi-square tests
gBased on Wilcoxon rank-sum tests
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The frequency (count) of GP contacts within the exposure
year was also calculated.

Outcomes

Two outcomes were defined. The first was statin initiation, i.e.
any statin dispensed during the follow-up period, assessed
amongst potential users.
The second was time to non-adherence amongst exist-

ing users, typically defined as occurring where patient
records indicate a given number of days without statins
in supply.39–41 Patients were non-adherent if they spent
30 consecutive days without statin supply during follow-
up, which in Australia reflects one dispensing being
missed. The ‘failure’ date was the first day of this 30-
day period. Days in hospital were removed, as the
hospital pharmacy would supply patients at these times.
Where a packet was dispensed, early overlapping days
were carried forward.42 Other common measures of ad-
herence, for example the Medication Possession Ratio,
do not support the use of time-to-event analyses which
was the preferred method for the current study.

Study Period

As displayed in Figure 1, exposures were measured
through the 2011/2012 financial year. The statin initia-
tion outcome was measured through the 2012/2013 fi-
nancial year, i.e. for the 12 months to 30 June 2013.
Time to non-adherence was measured from the start of
the 2012/2013 financial year through to the end of the
2014/2015 financial year, i.e. for 36 months, and cen-
sored by death or study end.
The administrative data covered 5 years prior to the expo-

sure period to measure comorbidity indicators and capture
statin dispensing prior to exposure, ensuring potential users
were correctly identified.

Covariates

The 45 and Up Study data includes self-report information on
a range of factors including socio-demographics, health con-
ditions and family history, limitations, self-rated health and
quality of life and behaviours such as smoking and exercise.33

Comorbidity was assessed based on PBS data using the
RxRisk indicator43 and additionally assessed via inpatient
diagnoses using the Multipurpose Australian Comorbidity
Scoring System (MACSS),44 through the pre-exposure period.
For existing users, information on the first statin dispensed
during the exposure period was derived including the dose
(low, medium or high45) and prescriber (GP or other). A
variable stating whether an individual belonged to the group
at high risk or the group with a history of CVD was used as a
covariate. Socioeconomic status and service accessibility were
based on postcode using the Socioeconomic Index for Areas
(SEIFA) Index of Relative Socio-economic Disadvantage46

and the Accessibility/Remoteness Index of Australia
(ARIA),47 respectively. Missing data on categorical variables
were given values to prevent data loss.

Analysis

Multivariable logistic regression assessed statin initiation
amongst potential users. Multivariable Cox regression
assessed time to non-adherence amongst existing users.
In each case, outcomes were regressed on regularity, conti-

nuity, frequency and covariates selected via forward stepwise
selection. Covariates were selected based on their impact on
associations between GP contact and statin outcomes. Models
were run in which outcomes were regressed on regularity,
continuity and frequency and then compared to models where
each individual candidate covariate was included. Covariates
were ranked based on how they affected coefficients for the
regularity variable, from the largest to smallest change. Cova-
riates were then added iteratively and kept if they improved

Figure 1 Study time period and main measurements. Measurement of exposure and outcome variables underlined.
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model fit according to Bayes Information Criterion (BIC) and
discarded; otherwise, the model was final when no further
additions improved BIC.
Proportionality of hazards was tested using a Cox model

including interactions between all independent variables and
time; significant interactions indicated non-proportionality.48

As large sample sizes can make inconsequential violations
significant, proportionality was also assessed by examining
graphs of the scaled Schoenfeld residuals, with a zero slope
indicating proportionality.48 Where proportionality was vio-
lated, problematic variables were included as stratifying vari-
ables rather than covariates.48 Model fit was assessed by
examining the Cox-Snell residuals.
Two sensitivity analyses were performed. Firstly, the model

assessing statin initiation was repeated with a 2-year follow-
up, rather than 1 year. Secondly, adherence was assessed with
‘failure’ defined by 60 rather than 30 days without statin
supply.
Stata version 15 was used49 with a significance level of

α=0.05 for all analyses.

RESULTS

Cohort Description

The cohort of potential users (without statin dispensed during
or prior to the exposure period) included 29,420 individuals
and there were 30,408 existing users (with medication dis-
pensed during the exposure period).
Cohort characteristics are described in Table 1. In line with

the higher risk of CVD in males, the cohort had a majority of
men: potential users 73.4% and existing users 63.4%. Existing
users were slightly older, with the largest group being those
aged 65–70 (30.2%) compared to 60–65 (27.6%) for potential
users. Amongst existing users, 40.1% described their health as
‘good,’ while amongst potential users there was an even split
between those reporting good (36.4%) and very good (36.3%)
health. The majority were ex-smokers (56.3% of potential
users and 51.0% of existing users). Amongst potential users,
70.1% were at high risk of CVD (i.e. where statins, if used,
would represent primary prevention) while the cohort of exist-
ing users was equally split between those at high risk (49.9%)
and those with a history of previous CVD (50.1%). In terms of
outcomes, 25.7% of potential users initiated statins during
follow-up, while 53.8% of existing users recorded a failure
during follow-up, with the remainder censored by death
(3.0%) or study end (43.2%).
Table 2 compares cohort members to those excluded due to

either <3 GP contacts (n=8325) or other reasons (mainly lower
CVD risk, n=198,094). Those with <3 contacts were more
often male, had better self-rated health and lived in areas of
lower disadvantage. In this group, potential statin users were
less likely to initiate than cohort members (9.0% vs 25.7%)
and existing users were more often non-adherent (58.5% vs
41.1%). Those excluded for other reasons, compared to cohort

members, were more likely female, younger, self-reported
better health and smoked less.

Initiation amongst Potential Statin Users

Amongst statin potential users, higher continuity and regular-
ity were associated with increased odds of statin dispensing
during follow-up (Table 3). After adjustment, the most regular
quintile had 1.22 times the odds of commencing on a statin
medication compared with least regular (95% CI 1.11–1.34).
High provider continuity was associated with 1.12 times the
odds of statin initiation compared to low continuity (95% CI
1.02–1.24), though the perfect continuity group reported a
non-significant odds ratio of 1.07 (95%CI 0.99–1.15). Several
influential covariates were included resulting from the step-
wise selection. These included the RxRisk index, the presence
of several specific comorbidities and one demographic (lan-
guage spoken at home).

Adherence amongst Existing Statin Users

Figure 2 displays the cumulative hazard of non-adherence. A
brief increase in hazard appears after 460 days, coinciding
with a documentary critical of statins airing on television in
Australia, and known to have influenced usage.50

Violations of proportionality were observed for one level of
regularity, age, prescriber, language spoken at home and one
level of socio-economic status (results not shown). Therefore,
in the final model, these covariates were included as stratifying
variables rather than predictors. Regularity was retained as a
predictor as coefficients were required for exposure variables.
The plot of scaled Schoenfeld residuals displayed zero slopes
for each level of regularity (see Appendix 3), suggesting that
violations of proportionality were not practically meaningful.
Cox-Snell residuals indicated that the model fit was good
(Appendix 3).
Higher regularity/continuity was associated with a reduced

hazard of non-adherence amongst existing users as displayed
in Table 4. The most regular quintile had a hazard ratio of 0.82
(95% CI 0.78–0.87) compared to the least regular (i.e. a 16%
reduction in likelihood of non-adherence). The perfect conti-
nuity group had a hazard ratio of 0.90 (95% CI 0.86–0.94)
compared to the low continuity group. As with the model of
statin initiation, the RxRisk index was included as a covariate
along with certain comorbidities and demographics, though
the specific conditions and demographics differed between
models.
Sensitivity analyses suggested that findings were ro-

bust. When a 60-day period without supply was used to
define non-adherence (rather than 30 days), a slight
increase in the hazard rates for regularity and continuity
was observed (Appendix 3). When statin initiation was
assessed with a 2-year rather than 1-year follow-up,
coefficients on the regularity variable decreased by
about 20–30%, while coefficients on the continuity var-
iable changed by 20–50% (Appendix 3).
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DISCUSSION

Higher continuity and regularity of GP contact were associated
with a higher likelihood of statin initiation amongst people at
risk of CVD outcomes, and with improved adherence after
initiation. This highlights the importance of ongoing relation-
ships between GPs and at-risk patients. Policies which inter-
fere with such relationships therefore have implications for the
quality of preventive care received. In recent years, policies
such as compulsory patient co-payments for GP visits have
been proposed in Australia with discussion on the potential
impact of such policies on preventive care.51 Meanwhile, a
trend towards larger practice sizes52 and the impacts of this for
provider continuity53 has implications for the patient-provider
relationship.
Much work assesses relationships between GP contact and

hospitalisation outcomes, and researchers have hypothesised
that associations observed between these results from im-
proved medical management. While the current observational

work cannot establish causation, it does suggest that medica-
tion management is a plausible mechanism by which
continuity/regularity may influence hospitalisation. As previ-
ous studies involve health service use as both exposure
(continuity) and outcome (hospitalisation) variables, the risk
of confounding by unobserved patient factors is high and work
to better understand the plausibility of causation is worthwhile.
While an association between statin adherence and continuity
has previously been reported,32 this study additionally dem-
onstrates an association with the initiation of statins amongst
those at high risk of cardiovascular disease. Given that previ-
ous primary care studies have reported that only a minority of
patients at high risk of cardiovascular disease are initiated on
statins,27, 28 evidence to improve the understanding of factors
contributing to initiation, in addition to understanding adher-
ence amongst existing users, is valuable. This work also
provides evidence regarding the impact of patterns of GP
contact beyond the commonly used provider continuity

Table 2 Characteristics of Cohort Members (Including Existing and Potential Statin Users) in Comparison to Those Excluded from Study Due
to Having Fewer than Three GP Contacts, and in Comparison to All Other 45 and Up Study members

Variable Category In cohortd Excluded for all
other reasons

Excluded due
to <3 visits

Total

N % N % N % N %
Age Male 40,860 68.3 75,416 38.1 7086 86.1 123,362 46.4

Female 18,968 31.7 122,678 61.9 1149 14.0 142,795 53.7
Sex 55–60 13,622 22.8 107,092 54.1 3411 41.4 124,125 46.6

60–65 16,026 26.8 21,575 10.9 2550 31.0 40,151 15.1
65–70 16,722 28.0 15,119 7.6 1554 18.9 33,395 12.6
70–75 13,458 22.5 54,308 27.4 720 8.7 68,486 25.7

Self-rated health a Excellent 4997 8.6 32,544 17.1 1317 16.4 38,858 15.1
Very good 19,914 34.3 71,637 37.6 3301 41.0 94,852 36.9
Good 22,894 39.4 61,241 32.1 2591 32.2 86,726 33.8
Fair 8837 15.2 21,143 11.1 746 9.3 30,726 12.0
Poor 1484 2.6 4024 2.1 94 1.2 5602 2.2

Self-rated quality of life a Excellent 10,716 18.8 46,962 25.1 2178 27.5 59,856 23.8
Very good 21,146 37.1 69,699 37.3 3145 39.8 93,990 37.3
Good 18,322 32.1 51,075 27.3 1959 24.8 71,356 28.3
Fair 5816 10.2 16,151 8.6 513 6.5 22,480 8.9
Poor 1023 1.8 3135 1.7 115 1.5 4273 1.7

Smoking status Never smoked 22,701 38.1 127,034 64.5 2291 27.9 152,026 57.4
Current smoker 4912 8.2 13,058 6.6 1012 12.3 18,982 7.2
Past smoker 32,040 53.7 56,771 28.8 4918 59.8 93,729 35.4

Language spoken at home English 54,511 91.1 178,684 90.2 7587 92.1 240,782 90.5
Other 5316 8.9 19,408 9.8 648 7.9 25,372 9.5

SEIFA a Highest disadvantage 13,736 23.6 39,216 20.3 1505 18.9 54,457 21.0
High disadvantage 13,352 22.9 40,811 21.2 1670 20.9 55,833 21.6
Moderate 11,088 19.0 36,881 19.1 1527 19.2 49,496 19.1
Less disadvantage 9494 16.3 33,509 17.4 1424 17.9 44,427 17.2
Least disadvantage 10,611 18.2 42,432 22.0 1848 23.2 54,891 21.2

ARIA a Very remote 47 0.1 236 0.1 33 0.4 316 0.1
Remote 513 0.9 1634 0.) 67 0.8 2214 0.9
Moderate 6517 11.1 19,685 10.1 1093 13.6 27,295 10.5
Accessible 22,099 37.6 67,285 34.6 3230 40.1 92,614 35.5
Highly accessible 29,588 50.4 105,567 54.3 3628 45.1 138,783 53.1

RxRisk categories (5 years) b 0 9387 15.7 61,261 30.9 3117 37.9 73,765 27.7
1–2 11,815 19.8 59,925 30.3 3014 36.6 74,754 28.1
3–5 18,900 31.6 43,778 22.1 1723 20.9 64,401 24.2
6+ 19,726 33.0 33,130 16.7 381 4.6 53,237 20.0

MACSS conditions (5 years) c 0 18,518 31.0 77,314 39.0 3860 46.9 99,692 37.5
1–2 12,682 21.2 48,916 24.7 1995 24.2 63,593 23.9
3–5 19,942 33.3 47,976 24.2 1950 23.7 69,868 26.3
6+ 8686 14.5 23,888 12.1 430 5.2 33,004 12.4

Total 59,828 22.5 198,094 75.4 8235 3.1 266,157 100

aDoes not sum to total due to missing responses
bNumber of 46 RxRisk conditions in previous 5 years of medication dispensing data
cCount of Multipurpose Australian Comorbidity Scoring System (MACSS) conditions recorded in previous 5 years of hospital admissions data
dCohort members differed significantly from the two excluded groups on all variables listed based on chi-square testing
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measures, by additionally assessing the regularity of contacts.
This provides a more comprehensive understanding of pat-
terns of GP contact on statin use and potential downstream
outcomes.
To some extent, a relationship between GP contact and

statin adherence is self-evident, as a GP visit must occur to
receive a prescription. However, statin prescriptions are gen-
erally provided with five monthly ‘repeats’ in Australia. A
single prescription therefore can provide for a 6-month supply,
meaning that adherence can be achieved with only two GP
visits per year. As this analysis is restricted to people with ≥3
GP contacts, all cohort members have the potential to remain
compliant; furthermore, analyses are adjusted for the number
of GP contacts.
In Australia, GPs performmost prescribing, in particular for

common medications such as statins, though in some cases,
specialists may have a larger role in prescribing and condition
management. Australia’s universal public insurance system,
Medicare, reimburses GPs on a fee-for-service basis (though
GPs may charge additional out-of-pocket fees)54 and medica-
tions are subsidised via the PBS,55 with small co-payments
required. Patients in Australia are free to choose their GP and
may switch at any time. In countries with different registration
systems, different prescribing practices or where different
financial barriers exist, the associations reported here may
differ.

Strengths

A strength of this study is the comprehensiveness of the data
available. The combination of self-reported and administrative
collections provides information on a range of patient demo-
graphics, behaviours, health status and use of health services,
reducing the likelihood of omitted variable bias.

Table 3 Results of Logistic Regression Reporting Associations between Continuity of Primary Care from July 2011 to June 2012 and Odds of
Statin Initiation in the Following Year, amongst Cohort of Potential Users

Variable OR (95% CI) Std. Err. z p>Z

Regularity Least regular Reference
2 1.108 (1.009–1.217) 0.053 2.16 0.031
3 1.118 (1.019–1.227) 0.053 2.36 0.018
4 1.153 (1.051–1.265) 0.055 3.01 0.003
Most regular 1.221 (1.111–1.341) 0.059 4.16 <0.001

COC index <0.5 Reference
0.5–0.74 1.069 (0.991–1.152) 0.041 1.72 0.086
0.75–0.99 1.123 (1.019–1.239) 0.056 2.34 0.020
1 1.066 (0.992–1.147) 0.040 1.73 0.083

Frequency 3–5 Reference
6–9 1.202 (1.111–1.300) 0.048 4.58 <0.001
10–14 1.317 (1.205–1.440) 0.060 6.08 <0.001
15–19 1.164 (1.040–1.302) 0.067 2.65 0.008
20+ 1.080 (0.960–1.215) 0.065 1.28 0.201

RxRiska 0 Reference
1–2 0.810 (0.735–0.892) 0.040 - 4.27 <0.001
3–5 1.615 (1.483–1.760) 0.071 10.99 <0.001
6+ 3.304 (3.008–3.360) 0.158 24.92 <0.001

CVD status High risk of CVD Reference
History of CVD 2.184 (2.003–2.381) 0.096 17.71 <0.001

Heart diseaseb Yes 1.164 (1.058–1.280) 0.056 3.13 0.002
Diabetesb Yes 2.730 (2.524–2.953) 0.109 25.12 <0.001
High blood pressureb Yes 1.324 (1.248–1.404) 0.040 9.31 <0.001
Language other than Englishb Yes 1.131 (1.023–1.250) 0.058 2.41 0.016
Strokeb Yes 0.717 (0.621–0.827) 0.052 - 4.57 <0.001
Non-melanoma skin cancerb Yes 0.858 (0.805–0.914) 0.028 - 4.73 <0.001
Depressionb No Reference

Yes 0.792 (0.727–0.863) 0.035 - 5.31 <0.001
Missing b 0.987 (0.905–1.076) 0.043 - 0.31 0.760

Constant 0.098 (0.087–0.111) 0.056 - 38.32 <0.001

aNumber of 46 RxRisk conditions based on prior 5 years of medication dispensing records 43

bBased on self-report
cQuestion not included in the first version of the survey

Figure 2 Line chart representing the cumulative proportion of
cohort members failing to adhere to statin therapy according to

dispensing records, over time. Day 0 indicates the first day of follow-
up, the vertical line indicates the date of a documentary critical of

statins airing in Australia.
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Limitations

We did not have access to a practice identifier. It is unclear if
patients with low continuity visited different GPs at the same
practice (i.e. where patient records would still be available), or
visited different practices, and how continuity of practice may
differ from the continuity of GP. Unobserved patient charac-
teristics are also a potential issue. Although the survey cap-
tured information on a range of characteristics, there are likely
factors which are difficult for a survey to fully capture such as
participants’ personal characteristics, family dynamics which
may influence the use of services, and so on.
Reasons for statin cessation were unknown. Statin therapy

may be stopped for clinical reasons such as adverse events, in
which case people may have been incorrectly categorised as
non-adherent. Symptoms of intolerance may occur in approx-
imately 20% of statin users, but may usually be resolved with
dose reduction or switching.56 Where these approaches are
used, patients would remain adherent in these analyses, so this
is unlikely to impact findings.
The participation rate of the 45 and Up Study was approx-

imately 18%.33 As a result, the study population may not be
representative of the broader community. However, a previous
validation study has suggested that even with this low re-
sponse rate, exposure-outcome estimates derived in this cohort

may remain generalizable, based on comparisons to relation-
ships derived from a comparable cohort with a higher response
rate.57

This study ended in 2015, and it is possible that the relation-
ships observed have changed since. However, analysing a later
period would increase the risk of misclassification bias due to
participants’ status on baseline survey variables changing;
hence, the time period used was considered suitable to balance
currency of findings against the risk of bias.
Finally, this analysis is restricted to those with at least 3

visits per year. The analysis suggested that those with fewer
than 3 visits per year differed from the study cohort both on
baseline characteristics and on statin use outcomes; findings
here are not meaningful in relation to this excluded group.

CONCLUSION

Regularity and continuity of care are associated with improved
medication management, which offers a plausible pathway for
continuity/regularity of care to influence hospitalisation. Fu-
ture research could explore mechanisms of action by investi-
gating other measures of patient health, such as biomedical
markers captured in pathology tests. Future research could

Table 4 Results of Cox Regression Reporting Association between Primary Care Continuity from July 2011 to June 2012 and Statin Non-
adherence through the Following 3 Years, amongst Cohort Members Using Statins during the Exposure Period

Variable* Haz. ratio (95% CI) Std. Err. z p>Z

Regularity Least regular Reference
2 0.932 (0.884–0.982) 0.025 − 2.64 0.008
3 0.891 (0.845–0.940) 0.024 − 4.25 <0.001
4 0.850 (0.805–0.897) 0.023 − 5.92 <0.001
Most regular 0.824 (0.780–0.871) 0.023 − 6.87 <0.001

COC index <0.5 Reference
0.5–0.74 0.934 (0.892–0.977) 0.021 − 2.98 0.003
0.75–0.99 0.888 (0.838–0.941) 0.026 − 3.99 <0.001
1 0.901 (0.863–0.942) 0.020 − 4.64 <0.001

Frequency 3–5 Reference
6–9 0.931 (0.887–0.977) 0.023 − 2.91 0.004
10–14 0.903 (0.854–0.953) 0.025 − 3.67 <0.001
15–19 0.898 (0.840–0.960) 0.031 − 3.14 0.002
20+ 0.825 (0.768–0.886) 0.030 − 5.27 <0.001

RxRiska 0 Reference
1–2 1.433 (1.337–1.537) 0.051 10.16 <0.001
3–5 1.101 (1.037–1.169) 0.033 3.16 0.002
6+ 0.915 (0.862–0.972) 0.028 − 2.90 0.004

Current work statusb Other Reference
Fully retired 0.825 (0.792–0.859) 0.017 − 9.36 <0.001
Missing 0.000 0.000 0.00 1.000

Highest qualificationb No school certificate or other qualification Reference
School or intermediate certificate 0.989 (0.933–1.049) 0.030 − 0.36 0.715
Higher school or leaving certificate 1.107 (1.030–1.190) 0.041 2.75 0.006
Trade or apprenticeship 1.080 (1.012–1.152) 0.036 2.32 0.021
Certificate or diploma 1.130 (1.062–1.201) 0.035 3.89 <0.001
University degree or higher 1.326 (1.247–1.411) 0.042 8.98 <0.001
Missing 1.154 (1.006–1.323) 0.081 2.05 0.040

High blood pressureb No Reference
Yes 0.855 (0.825–0.886) 0.015 − 8.67 <0.001

CVD status High risk of CVD Reference
History of CVD 1.008 (0.963–1.055) 0.024 0.34 0.737

Heart diseaseb No Reference
Yes 0.853 (0.811–0.897) 0.022 − 6.16 <0.001

*Stratifying variables include age, language other than English at home, prescriber, and SEIFA
aNumber of 46 RxRisk conditions based on prior 5 years of medication dispensing records
bBased on self-report
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also assess the impact of comorbid conditions on relationships
observed.
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