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ABSTRACT
Objective  To determine if the choice of methodological 
elements affects the results in continuity of care studies.
Design  This is a retrospective cohort study. The 
association between continuity of care and clinical 
outcome was investigated using the Continuity of Care 
Index. The association was explored in 12 scenarios based 
on four definitions of the relative timing of continuity and 
outcome measurements in three populations (three Ps × 
four Ts).
Setting  National Health Insurance claims from all primary 
and secondary care facilities in South Korea between 2007 
and 2015.
Participants  Participants were patients diagnosed with 
dyslipidaemia, made ≥2 ambulatory visits and were 
newly prescribed with ≥1 antihyperlipidaemic agent at an 
ambulatory setting in 2008. Three study populations were 
defined based on the number of ambulatory visits: 10 084 
patients in population 1 (P1), 8454 in population 2 (P2) and 
4754 in population 3 (P3).
Main outcome measure  Hospitalisation related to one of 
the four atherosclerotic cardiovascular diseases, including 
myocardial infarction, stable or unstable angina, ischaemic 
stroke and transient ischaemic attack.
Results  Concurrent measure of continuity and outcome 
(T1) showed a significantly higher risk of hospitalisation 
(adjusted HRs: 2.73–3.07, p<0.0001) in the low 
continuity of care group, whereas T2, which measured 
continuity until the outcome occurred, showed no 
risk difference between the continuity of care groups. 
T3, which measured continuity as a time-varying 
variable, had adjusted HRs of 1.31–1.55 (p<0.05), 
and T4, measuring continuity for a predefined period 
and measuring outcomes in the remaining period, had 
adjusted HRs of 1.34–1.46 (p<0.05) in the low continuity 
of care. Within each temporal relationship, the effect 
estimates became more substantial as the inclusion 
criteria became stricter.
Conclusions  The study design in continuity of care 
studies should be planned carefully because the results 
are sensitive to the temporal relationship between 
continuity and outcome and the population selection 
criteria.

INTRODUCTION
Many researchers have attempted to quan-
tify the association between continuity of 
care (COC) and patient outcomes across 
various health conditions.1 2 Despite these 
efforts, some questions on how to define 
and measure the crucial elements in COC 
studies remain unanswered.3 4 In a system-
atic review published in 2010, van Walraven 
and colleagues5 analysed 18 studies and 
reported a potential benefit of increasing 
care continuity in patient experiences and 
clinical results. On the other hand, they 
expressed considerable concerns over meth-
odological limitations observed in previous 
studies during the initial screening.5 Of 139 
studies, they excluded 59% of the studies 
because they measured continuity and 
outcomes concurrently without an appro-
priate analysis. van Walraven et al5 warned 
that improper timing of obtaining continuity 

Strengths and limitations of this study

	► This is the first study to employ empirical data to 
demonstrate the magnitude of potential bias that 
could arise due to inadequate definitions of the 
relative timing between continuity and outcome 
measures.

	► This study used representative sample data (sample 
size=1 035 089) from national claims data covering 
the entire Korean population.

	► Twelve different analysis scenarios were used to 
estimate the association between continuity of care 
and clinical outcomes.

	► This study could not include data on potentially rel-
evant covariates, such as those for the quality of the 
relationship and the level of informational link be-
tween different providers, due to the administrative 
nature of claims data.

	► Korean-specific medical culture and the administra-
tive nature of claims data limit the generalisability 
of the study.
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and outcome measures might generate biased results. 
Notably, even after the review of van Walraven et al,5 
studies that measured continuity and outcomes concur-
rently without an appropriate statistical strategy were 
still published.6–10

The most recent systematic review of COC studies 
showed that the 15 included studies used various inclu-
sion rules on the minimum number of visits, from two 
to four visits.2 This variation may be due to an inherent 
feature of continuity measurements, for example, the 
Bice-Boxerman Continuity of Care Index (COCI) or the 
Sequential Continuity Index (SECON), which can calcu-
late continuity in patients with at least two visits.7 11 In 
practice, however, the number of visits needed to develop 
a valid patient–doctor relationship is debatable. For 
a patient who visits the same doctor twice in 5 or 10 
years, the COCI is 1 regardless of duration; however, it is 
unclear if the care continuity between the patient and the 
doctor was established under such conditions. As seen in 
this simple illustration, if the total number of visits is too 
low, the situation cannot be considered as actual conti-
nuity, even though the quantitatively measured continuity 
index is high, leading to a biased conclusion.

The present study aimed to empirically explore whether 
a researcher’s choice of definition for the number of 
visits as an inclusion criterion or the relative timing of 
continuity and outcome measures can affect the results 
of continuity analysis. To this end, this study examined 
the association of COC with four atherosclerotic cardio-
vascular diseases (ASCVDs)-related hospitalisation in 
patients with dyslipidaemia in South Korea using health-
care claims data. Three options for the inclusion criteria 
and four options for the temporal relationship between 
continuity and outcome measures were established, and 
the risk of ASCVD-related hospitalisation across the study 
scenarios was investigated.

METHODS
Data sources
The National Sample Cohort (NHIS-NSC) data were 
analysed. The NHIS-NSC data are released by the Korean 
National Health Insurance Service (KNHIS) for research 
purposes and include a 2% stratified random sample 
(n=1 035 089) of all insured patients from 2002 to 2015. 
The KNHIS provides universal coverage for the Korean 
population.12 The NHIS-NSC data contain anonymised 
reimbursement data, including individual patient demo-
graphic information and information on the utilisation 
of medical facilities, such as diagnosed health conditions, 
details of diagnostic tests, prescribed medications and 
costs. The NHIS-NSC data include diagnoses based on 
the International Classification of Diseases, 10th version 
(ICD-10) codes. In addition, it provides KNHIS certifi-
cate data, including death records, addresses and level of 
National Health Insurance (NHI) contributions, which is 
a proxy for household income.

Study design and population
This was a retrospective cohort study. The degree of 
association between care continuity and patient clin-
ical outcomes was compared by examining 12 scenarios 
(figure 1) from a combination of two elements: (1) the 
number of visits as a criterion excluding extreme low 
users and (2) the temporal relationship between conti-
nuity and outcome measurements.

Patients diagnosed with dyslipidaemia (E78, ICD-
10), made at least two ambulatory visits and were newly 
prescribed with at least one antihyperlipidaemic agent 
at an ambulatory setting during the index year, 2008, 
were identified. Ambulatory visits made in clinics and 
outpatient departments of hospitals were included. The 
index date was defined as the first visit date diagnosed 
with dyslipidaemia in 2008. The observational period was 
7 years from the index date (figure 1). For example, in 
the case of a patient identified on 1 January 2008, the 
observation period would be from 1 January 2008 to 31 
December 2014, whereas another patient identified on 1 
May 2008 would be observed until 30 April 2015.

Patients who were diagnosed with ischaemic heart 
diseases (I20–I25), cerebrovascular diseases and related 
syndromes (I60–I69, G45–G46), diabetes mellitus with 
circulatory complications (E10.5, E11.5, E12.5, E13.5, 
E14.5) and cancer (C00–C97) during the history period, 
1 year prior to the index date, were excluded. Those who 
were hospitalised due to one of the four ASCVDs and 
those who died during the first 3 years after the index 
date were also excluded. The four ASCVDs were myocar-
dial infarction (I21.0–4, I21.9, I22.0–1, I22.8–9), stable or 
unstable angina (I20), ischaemic stroke (I63.0–6, I63.8–9) 
and transient ischaemic attack (G45.0–3, G45.8–9).

Defining three populations based on the number of visits
Three patient inclusion criteria were formed (figure 1): 
(1) P1: patients who made at least two visits to a doctor 
during the first 1 year; (2) P2: patients who made at least 

Figure 1  Illustration of the study design.
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two visits to a doctor during the first 1 year and at least 
four visits during the first 3 years; and (3) P3: patients 
who made at least two visits to a doctor every year during 
the first 3 years.

Temporal relationship between continuity and outcome 
measurements
As shown in figure  1, the period measuring continuity 
is different by scenario option for each patient: (1) T1: 
continuity was measured during the whole study period; 
(2) T2: continuity was determined from the data available 
up to the end of the previous quarter when the outcome 
event occurred; (3) T3: continuity was measured quarterly 
and considered as a time-varying variable; and (4) T4: 
continuity was determined from data available in the first 
3 years (ie, exposure period). Technically, for the T2 and 
T3 options the available data were restructured quarterly 
from the index date. Continuity was measured during the 
whole study period for patients having no outcome event 
within the study period. To measure the outcomes, in all 
scenarios, each patient was followed up after the 3-year 
baseline period until death, event or end of study period, 
whichever occurred first.

Measures
Continuity of care
Among the known measures of COC, this study used the 
COCI.11 13 14 While the Usual Provider Continuity (UPC) 
or SECON indices can be good options to measure conti-
nuity in chronic conditions, the COCI was considered the 
best choice for the study. The COCI was recommended 
for use in contexts such as South Korea, where patients 
may contact many different healthcare providers.14 Other 
options such as the UPC index require identification of 
a usual care provider, which was not possible with the 
claims data we analysed.14 SECON is useful in assessing 
the need to share information among providers and is 
related more to short-term continuity than long-term 
continuity.7

For each patient, the COCI value ranges from 0 to 1, 
with an index closer to 1 indicating better continuity. If a 
patient’s COCI is 1, the patient always consults the same 
provider. The formula for COCI is:

	﻿‍
COCI =

∑s
j=1 n2

j −N

N
(
N−1

)
‍�

where N is the total number of visits; nj is the number 
of visits to provider j; and s is the number of different 
providers the patient has visited.11 The COCI can only be 
defined for patients with more than two visits (for N=1 
the COCI is not defined because of division by 0), which 
is one of the inclusion criteria of this study.

For each patient, the COCI was calculated based on 
the distribution of visits among distinct providers. In a 
primary care setting, a visit to the same doctor’s office 
was considered a visit to the same doctor. In a secondary 
care setting, a visit to the same medical department in the 
same hospital was considered a visit to the same doctor.

Continuity cohort
The COCI is sensitive to the number of different doctors 
a patient visiting.11 13 14 For example, if a patient had 
ten doctor visits, including nine visits with doctor A, the 
COCI would be 0.8. Alternatively, if a patient had eight 
visits with doctor A and two with doctor B, the COCI 
would be 0.64. Similarly, if a patient had eight visits with 
doctor A and one each with doctors B and C, the COCI 
would be 0.62. To the best of our knowledge, there are 
no commonly used criteria for high and low COC levels. 
Thus, based on an interim analysis of the COCI distribu-
tion within the study population, COCI ≥0.8 and COCI 
<0.8 were defined as indicating high COC and low COC, 
respectively. From a practical perspective, a patient who 
made 9 of 10 visits to the same doctor was considered to 
have a high continuity relationship with that doctor. Our 
interim analysis showed that the COCI for 63%–66% of 
the included patients in this study was higher than 0.8 
(figure 2).

As an alternative approach, the median value was used 
as a cut-point to define high and low COC groups and 
applied to the three populations using the temporal rela-
tionship T4. The median COCI was 1.0; patients with a 
COCI of 1 were classified in the high COC group and 
patients with a COCI of <1 were classified in the low COC 
group. The COCI cut-off point was determined from the 
data available during the first 3 years.

Outcomes
The primary outcome was defined as hospitalisation due 
to one of the four ASCVDs (myocardial infarction, stable 
or unstable angina, ischaemic stroke and transient isch-
aemic attack). Using the diagnosis codes and the relevant 
diagnostic tests or treatments, the corresponding hospital 
admissions were identified from the data as follows: (1) 
myocardial infarction, diagnosed with codes I21.0–4, 
I21.9, I22.0–1 and I22.8–9 and treated using Percutaneous 
Coronary Intervention (PCI) or Coronary Artery Bypass 
Surgery (CABG) or fibrinolytics; (2) stable or unstable 
angina, diagnosed with codes I20 and treated using PCI 
or CABG or fibrinolytics; (3) ischaemic stroke, diagnosed 
with codes I63.0–6 and I63.8–9 and assessed by brain 
imaging tests (CT or MRI); and (4) transient ischaemic 

Figure 2  Continuity of Care Index distribution by population 
during the first 3 years. COC, continuity of care.
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attack, diagnosed with codes G45.0–3 and G45.8–9 and 
assessed by brain imaging tests (CT or MRI).

Covariates
Patient characteristics such as sex, age, insurance type 
(payer), insurance contribution, urbanisation level of 
the patient’s residence and comorbidity were consid-
ered as covariates. Patient age, insurance type and level 
of contribution, and living area were captured as those 
of the index date. In Korea, there are two types of insur-
ance: NHI and Medical Aid.15 Insurance contribution 
was classified into three categories (high, moderate and 
low). Urbanisation level was divided into three categories 
(large urban, small urban and rural). Classifications of 
insurance contribution and urbanisation level reflected 
the common notion in the Korean society. As a proxy of 
the study subject’s health status at the time of indexing, 
the Elixhauser Comorbidity Index (ECI) and the pres-
ence of hypertension (I10–I15) or diabetes (E10–E14) 
were determined based on patients’ outpatient and inpa-
tient records during the history period. The ECI for each 
patient was calculated using Quan et al’s work16 and was 
grouped into four groups (0, 1, 2 and ≥3) considering the 
quartile from the ECI score distribution.

Statistical analysis
Patient characteristics, COCI, number of visits and 
number of ASCVD-related hospitalisation according to 
the COC group were summarised as mean and SD, median 
and IQR for continuous variables, and as frequency and 
percentage for categorical variables. Patient characteris-
tics were compared according to the level of continuity 
of care using the Wilcoxon rank-sum test for continuous 
variables because normality assumption was not satisfied 
and χ2 test for the categorical variables. The association 
between continuity and health outcome was investigated 
using the Cox proportional hazard regression model. 
The COCI was considered as a time-dependent exposure 
in T3, but not in T1, T2 and T4. Crude Harzard Ratios 
(HRs) and adjusted HRs (after adjusting for age, sex, 
comorbidity as Elixhauser score, urbanisation level and 
insurance contribution) were presented with 95% Confi-
dence Intervals (CIs). The proportional assumption of the 
Cox proportional hazards model was checked by exam-
ining the cumulative Martingale residuals plots and the 
Kolmogorov-type supremum test. Kaplan-Meier survival 
plots of ASCVD-related hospitalisation were constructed, 
and the p values from the log-rank test for T1, T2 and T4 
and the crude HR for T3 were presented. All statistical 
analyses were performed using the SAS statistical software 
package (V.9.4) and p<0.05 was considered significant.

RESULTS
Study population
Figure  3 presents the process and the results of study 
population selection. Patients were specified according 
to the selection criteria and a small number of patients 

whose age was unknown were excluded. Finally, 4754–10 
084 patients were included in each population group for 
analyses.

Table  1 summarises the patient characteristics of the 
three population groups, P1 (n=10 084), P2 (n=8454) and 
P3 (n=4754). There were more women than men across 
all three populations. P3 had the highest share of women 
and seniors (65 older), followed in order by P2 and P1. 
Subjects in P3 were more likely to have hypertension or 
diabetes as a comorbidity and showed higher ECI scores 
than those in P2 and P1. On average, each patient had 
about 0.8 COCI during the first 3 years, which decreased 
to 0.75 in P3 when calculated for the seven study years. 
The decline was more in P1 and P2, decreasing from 0.8 
to about 0.72.

As the definition of temporal relationship between 
continuity and outcome dictated the period of continuity 
measurement, the composition of the COC cohorts in 
each population group was different. Patient character-
istics according to COC level in each study scenario are 
available in online supplemental tables S1 (T1), S2 (T2) 
and S3 (T4). In scenario T3, patients in the two COC 
groups changed with time; thus, the number of patients 
in the two COC groups could not be determined. There 
were more women than men in the low COC group across 
T1, T2 and T4 in all three populations. Subjects in the 
high COC group were more likely to have hypertension or 
diabetes as a comorbidity and showed higher ECI scores 
across T1, T2 and T4 in all populations. In scenarios P1T4 
and P3T4, although there were significant differences in 

Figure 3  Selection of the study population. *Ischaemic 
heart diseases (I20–I25), cerebrovascular diseases and 
related syndromes (I60–I69, G45–G46), diabetes mellitus with 
circulatory complications (E10.5, E11.5, E12.5, E13.5, E14.5) 
and cancer (C00–C97). #Myocardial infarction (I21.0–4, I21.9, 
I22.0–1, I22.8–9), stable or unstable angina (I20), ischaemic 
stroke (I63.0–6, I63.8–9) and transient ischaemic attack 
(G45.0–3, G45.8–9). ASCVD, atherosclerotic cardiovascular 
disease.
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age between the groups, it was not considered to be of 
practical significance. There were no significant differ-
ences between the two COC groups across all analysis 
scenarios by other covariates, including insurance contri-
bution, payer and urbanisation level of the resident area.

Risk of ASCVD-related hospitalisation by level of continuity of 
care according to analysis scenarios
The probability of event-free by population and temporal 
relationship scenarios is plotted in figure  4. In the T1, 

T3 and P3T4 scenarios, the probability of event-free was 
significantly different between the two COC groups, while 
in the other scenarios there were no differences between 
the two groups.

Table 2 presents the number of patients having ASCVD-
related hospitalisation according to COC level in each 
scenario. In scenario T3, patients in the two COC groups 
changed with time; thus, the number of patients with the 
outcome could not be determined. In the T1 scenario, 

Table 1  Patient characteristics by study population

Characteristics
P1*
n=10 084

P2*
n=8454

P3*
n=4754

Sex, n (%) Male 4471 (44.3) 3612 (42.7) 1989 (41.8)

Female 5613 (55.7) 4842 (57.3) 2765 (58.2)

Age, years, mean±SD 54.94±11.40 55.60±11.06 56.34±10.67

65 or older, n (%) 2154 (21.4) 1887 (22.3) 1146 (24.1)

Insurance contributions†, n (%) High 4166 (41.3) 3486 (41.2) 1971 (41.5)

Moderate 3361 (33.3) 2821 (33.4) 1570 (33.0)

Low 1976 (19.6) 1641 (19.4) 916 (19.3)

Payer, n (%) NHI 9584 (95.0) 8013 (94.8) 4494 (94.5)

MAid 500 (5.0) 441 (5.2) 260 (5.5)

Urbanisation level of residence, n (%) Large urban 4936 (49.0) 4149 (49.1) 2399 (50.5)

Small urban 4157 (41.2) 3474 (41.1) 1935 (40.7)

Rural 991 (9.8) 831 (9.8) 420 (8.8)

Elixhauser Comorbidity Index, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3)

Elixhauser Comorbidity Index, n (%) 0 1777 (17.6) 1303 (15.4) 608 (12.8)

1 2622 (26.0) 2154 (25.5) 1151 (24.2)

2 2525 (25.0) 2171 (25.7) 1257 (26.4)

3+ 3160 (31.3) 2826 (33.4) 1738 (36.6)

Comorbidity, n (%) Hypertension 4993 (49.5) 4528 (53.6) 2838 (59.7)

Diabetes 2562 (25.4) 2308 (27.3) 1490 (31.3)

COCI score for 3 years (baseline‡) Median (IQR) 1.00 (0.60–1.00) 1.00 (0.59–1.00) 1.00 (0.64–1.00)

Mean±SD 0.82±0.26 0.81±0.25 0.83±0.23

COCI score for 7 years (overall study period) Median (IQR) 0.78 (0.49–1.00) 0.77 (0.49–1.00) 0.83 (0.51–1.00)

Mean±SD 0.72±0.28 0.72±0.27 0.75±0.25

Number of visits for 3 years (baseline‡) Median (IQR) 12 (5–22) 14 (8–25) 22 (16–32)

Mean±SD 15.02±12.15 17.44±11.82 24.10±11.23

Primary care 12.03±13.07 14.02±13.38 19.48±14.87

Secondary care 2.99±6.08 3.42±6.53 4.62±7.98

Number of visits for 7 years (overall study period) Median (IQR) 25 (10–47) 31 (16–52) 45 (30–68)

Mean±SD 31.63±25.91 36.41±25.42 49.63±24.17

Primary care 25.36±27.22 29.30±27.86 40.29±30.48

Secondary care 6.27±12.22 7.11±13.07 9.34±15.58

*P1: patients who made at least two visits with a doctor during the first 1 year; P2: patients who made at least two visits with a doctor during 
the first 1 year and at least four visits during the first 3 years; P3: patients who made at least two visits with a doctor every year during the first 
3 years.
†Information for insurance contribution was missing for 581 (5.8%) patients in P1, 506 (6.0%) in P2 and 297 (6.3%) in P3.
‡Baseline refers to the first 3 years.
COCI, Continuity of Care Index; MAid, Medical Aid; NHI, National Health Insurance.
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patients in the low COC group were more likely to have 
an ASCVD-related hospitalisation than those in the high 
COC group in all three populations, with the adjusted HR 
ranging from 2.71 to 3.05. The temporal relationship T2 
showed no risk differences for ASCVD-related hospitalisa-
tion between the two COC groups in all populations. For 
T3 in all populations and T4 in P2 and P3, the low COC 
groups were more likely to have ASCVD-related hospital-
isation. T3 had an adjusted HR of 1.31 (95% CI 1.05 to 
1.63) in P1, 1.43 (95% CI 1.12 to 1.81) in P2 and 1.55 
(95% CI 1.13 to 2.13) in P3. T4 had an adjusted HR of 
1.34 (95% CI 1.05 to 1.70) in P2 and 1.46 (95% CI 1.06 
to 2.01) in P3.

Sensitivity analysis was applied to the three popula-
tions with the temporal relationship T4 using the median 
COCI as a cohort cut-point (table 3). In all populations, 
the risk of ASCVD-related hospitalisation for the low COC 
group was more significant than those obtained when the 
cohorts were divided at COCI=0.8.

DISCUSSION
This study explored how the definition of the elements 
within a COC study’s design can affect the results in COC 
studies that assess the association between continuity and 
outcomes in patients with dyslipidaemia. While there 

have been several studies discussing the possible effects 
of temporal relationships on the continuity and outcome 
measurements, this is the first study to employ empir-
ical data to demonstrate the magnitude of the potential 
bias that could arise due to an inadequate definition 
of the relative timing between continuity and outcome 
measures.

Across the three populations in the study, the concur-
rent measure of continuity and outcomes (T1) tended 
to inflate the risk of ASCVD-related hospitalisation by 
twofold to threefold compared with the risks in the three 
other temporal relationship strategies. In South Korea, 
an ASCVD event could decrease continuity, rather a 
decrease in continuity increasing the chance of an event, 
as institutional transfers usually occur when a patient has 
been hospitalised due to one of four ASCVDs. A patient 
who experiences a poor outcome may be more likely to be 
classified into the low COC group; as a result, the risk of 
an event could be exaggerated incorrectly in the low COC 
group. In such a case, measurements of the continuity 
after an outcome event will lead to a reverse conclusion, 
as van Walraven and colleagues5 warned in their review. 
This is a typical bias caused by the cross-sectional study 
design that measures the cause and effect simultaneously 
and fails to determine which of the two causes the other.

Continuity being measured until a quarter prior to 
the outcome occurring (T2) concluded that there was 
an insignificant association between continuity and 
outcomes. In this temporal relationship between conti-
nuity and outcome, the continuity measuring duration 
varied widely among patients. Moreover, the later a 
patient experienced an event, the longer the continuity 
was measured. For example, a patient with no event was 
measured for continuity during the entire study period. 
Previous research has demonstrated that the level of conti-
nuity appears to decrease with time as the number of visits 
increases,17 a pattern that was repeatedly observed in this 
analysis. This means that patients with no events are more 
likely to fall into the low COC group, thereby reducing 
the risk difference between the two COC groups.

As discussed above, the first and second temporal rela-
tionship strategies have temporal ambiguity that can be 
a source of bias. The other two strategies, in which conti-
nuity and outcome were measured concurrently with 
continuity as a time-varying variable (T3), or continuity 
was determined over a period followed by a period during 
which outcomes were measured (T4), have a similar 
pattern of risk of hospitalisation. Based on the T3 and 
T4 results, we made a conclusion that the provider COC 
might be positively related to reducing the risk of ASCVD-
related hospitalisation in patients with dyslipidaemia.

The differences across study populations (P1–P3) were 
interesting. As the inclusion criteria became stricter, the 
effect estimates became more substantial. The risk of 
ASCVD-related hospitalisation was higher in P3 than in 
P2 or P1, suggesting that the exclusion level for low users 
can affect the results. This is likely to be related to non-
differential misclassification, which typically dilutes the 

Figure 4  Probability of event-free by population and 
temporal relationship scenarios. Event: ASCVD-related 
hospitalisation. ASCVD, atherosclerotic cardiovascular 
disease; COC, continuity of care.
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associations between exposures and outcomes. Patients 
with few visits may be difficult to classify properly. Setting 
the inclusion criterion to include more visits allows the 
researcher to set up an experimental-likely environment 
that could exclude patients with ambiguous care conti-
nuity due to a small number of visits. When the P3 crite-
rion was applied, 43% of the study subjects in P2 were 

eliminated. Of these, 83% had no visits in the second 
or third year. In South Korea, it has been reported that 
compliance of patients with dyslipidaemia was likely to be 
moderate. Sometimes, they revisited a doctor’s office some 
years later after being diagnosed.18 Hence, the P2 popu-
lation of this study was considered to represent an actual 
population, increasing the generalisability to real-world 

Table 2  Risk of ASCVD-related hospitalisation by level of continuity of care

Study 
population

Temporal 
relationship

Overall patients, n (%)

Patients with ASCVD-
related hospitalisation, 
n (%) HR (95% CI) (reference: high COC group)

Low COC 
group

High COC 
group

Low COC 
group

High COC 
group Crude HR Adjusted HR‡

P1†
(n=10 084)

T1 5114 (50.7) 4970 (49.3) 243 (4.8) 83 (1.7) 2.88 (2.25 to 3.70)*** 3.05 (2.38 to 3.92)***

T2 5026 (49.8) 5058 (50.2) 155 (3.1) 171 (3.4) 0.91 (0.73 to 1.13) 0.96 (0.77 to 1.19)

T3 NA NA NA NA 1.25 (1.01 to 1.56)* 1.31 (1.05 to 1.63)*

T4 3397 (33.7) 6687 (66.3) 122 (3.6) 204 (3.1) 1.18 (0.94 to 1.48) 1.22 (0.97 to 1.52)

P2† 
(n=8454)

T1 4389 (51.9) 4065 (48.1) 206 (4.7) 69 (1.7) 2.80 (2.13 to 3.68)*** 3.01 (2.29 to 3.95)***

T2 4324 (51.1) 4130 (48.9) 141 (3.3) 134 (3.2) 1.00 (0.79 to 1.27) 1.07 (0.85 to 1.36)

T3 NA NA NA NA 1.34 (1.05 to 1.69)* 1.43 (1.12 to 1.81)**

T4 3104 (36.7) 5350 (63.3) 116 (3.7) 159 (3.0) 1.26 (0.995 to 1.61) 1.34 (1.05 to 1.70)*

P3† 
(n=4754)

T1 2271 (47.8) 2483 (52.2) 110 (4.8) 47 (1.9) 2.60 (1.85 to 3.66)*** 2.71 (1.93 to 3.82)***

T2 2240 (47.1) 2514 (52.9) 75 (3.5) 78 (3.1) 1.14 (0.83 to 1.55) 1.18 (0.86 to 1.62)

T3 NA NA NA NA 1.49 (1.09 to 2.03)* 1.55 (1.13 to 2.13)**

T4 1635 (34.4) 3119 (65.6) 66 (4.0) 91 (2.9) 1.40 (1.02 to 1.92)* 1.46 (1.06 to 2.01)*

*P<0.05, **P<0.01, ***P<0.001.
†P1: patients who made at least two visits with a doctor during the first 1 year; P2: patients who made at least two visits with 
a doctor during the first 1 year and at least four visits during the first 3 years; P3: patients who made at least two visits with a 
doctor every year during the first 3 years.
‡The adjusted HR was analysed after adjusting for covariates including sex, age, insurance contribution, payer, urbanisation 
level of resident area and comorbidity as Elixhauser score.
ASCVD, atherosclerotic cardiovascular disease; COC, continuity of care; NA, not available.

Table 3  Risk of ASCVD-related hospitalisation by cohort cut-point

Scenario

COCI at 
cohort cut-
point

Overall patients, n (%)
Patients with ASCVD-related 
hospitalisation, n (%)

HR (95% CI) (reference: high COC 
group)

Low COC 
group

High COC 
group

Low COC 
group

High COC 
group Crude HR Adjusted HR‡

P1T4†
(n=10 084)

0.8 3397 (33.7) 6687 (66.3) 122 (3.6) 204 (3.1) 1.18 (0.94 to 1.48) 1.21 (0.97 to 1.52)

Median (1.0) 4105 (40.7) 5979 (59.3) 151 (3.7) 175 (2.9) 1.26 (1.02 to 1.57)* 1.26 (1.01 to 1.57)*

P2T4†
(n=8454)

0.8 3104 (36.7) 5350 (63.3) 116 (3.7) 159 (3.0) 1.26 (0.995 to 1.61) 1.34 (1.05 to 1.70)*

Median (1.0) 3812 (45.1) 4642 (54.9) 145 (3.8) 130 (2.8) 1.37 (1.08 to 1.73)* 1.41 (1.11 to 1.79)**

P3T4†
(n=4754)

0.8 1635 (34.4) 3119 (65.6) 66 (4.0) 91 (2.9) 1.40 (1.02 to 1.92)* 1.46 (1.06 to 2.01)*

Median (1.0) 2209 (46.5) 2545 (53.5) 88 (4.0) 69 (2.7) 1.48 (1.08 to 2.03)* 1.51 (1.10 to 2.07)*

*P<0.05, **P<0.01, ***P<0.001.
†P1: patients who made at least two visits with a doctor during the first 1 year; P2: patients who made at least two visits with a 
doctor during the first 1 year and at least four visits during the first 3 years; P3: patients who made at least two visits with a doctor 
every year during the first 3 years; T4: measuring continuity for the first 3 years and measuring outcomes in the remaining period.
‡The adjusted HR was analysed after adjusting for covariates including sex, age, insurance contribution, payer, urbanisation level of 
resident area and comorbidity as Elixhauser score.
ASCVD, atherosclerotic cardiovascular disease; COC, continuity of care; COCI, continuity of care index.
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patients. In P1, nearly 5% of the patients made only two 
visits during the study period. One potential explana-
tion for the low number of visits was that they may have 
received a false diagnosis in the index year, meaning they 
might not have been patients with dyslipidaemia. Among 
two-visit subjects, 89% had a COCI value of 1 and were 
classified into the high COC group. If some of them were 
not patients with dyslipidaemia, they likely decreased the 
risk of event in the high COC group, leading to a faulty 
conclusion.

The present study employing real-world data had 
several limitations due to restrictions of claims data. The 
claims data are collected for administrative purposes and 
provide no information on non-administrative features 
such as trust, patient experience or satisfaction, factors 
that may determine the quality of a relationship. Hence 
even though provider–patient continuity encompasses 
several aspects of human relationships, the present study 
investigated only limited facets of those relationships due 
to data unavailability. In addition, there was no infor-
mation on the informational links between different 
providers who offered care consults to the same patient.

Another important limitation was that the anony-
mised claims data do not have information on individual 
health providers. To overcome this limitation, this study 
considered a visit to the same hospital and a visit to the 
same medical department within the hospital environ-
ment when defining a visit to the same provider. This is 
because, first, most patients of such facilities will, when-
ever possible, visit the doctors they have previously seen 
and, second, informational continuity is expected within 
a single hospital. However, this might overestimate the 
COCI score by misclassifying patients with low conti-
nuity into the high continuity group, and as a result 
reducing the difference of the risk of ASCVD-related 
hospitalisation between the two groups. However, the 
shares of secondary care in three study populations were 
about 20%; hence, the effects of such misclassification 
are expected to be limited. Furthermore, as mentioned 
earlier, the present study analysed claims data to measure 
continuity of care using the COCI, reflecting only one 
aspect, that is, dispersion of the provider–patient relation-
ship. It should be noted that other measures of COC can 
reflect the different aspects of the physician–patient rela-
tionships: duration, density, dispersion and sequence.14 
For instance, in short-term assessments, a sequence type 
index (eg, SECON) may be a good choice to investigate 
the association of continuity with chronic conditions.13 In 
other instances where patient–level data are available, it 
may be possible to identify the usual provider for each 
patient. In such situations, a density-type index (eg, the 
UPC index) could enable richer interpretations of the 
study findings.14

There are a few things to consider when generalising 
our findings. The Korean healthcare system provides 
universal coverage and patients are free to choose care 
providers with few legal restrictions, which could substan-
tially affect how people use the healthcare service. Our 

assumption that most patients attending hospitals will visit 
the doctor they have previously seen may not be the same 
as other countries with different medical cultures. The 
informational continuity in Korean facilities, which have 
robust electronic systems, may not be assumed in other 
healthcare systems that do not have electronic records. 
The nature of the disease is another factor that poten-
tially affects the use of healthcare services. Thus, caution 
should be exercised when applying these findings to data 
generated by other healthcare systems or other diseases.

CONCLUSIONS
The results of continuity of care studies are sensitive 
to the population selection criteria and the temporal 
relationship between continuity and outcome. Thus, 
researchers should be cautious of these when planning 
continuity studies. The concurrent measure of continuity 
and outcome could exaggerate the risk of an outcome 
event by measuring the cause and effect simultaneously. 
In the selection of study population, including extreme 
low users could dilute the associations between continuity 
and outcome if there is failure in the classification of 
patients.
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