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Background: Continuity of care in primary care settings is crucial for managing diabetes. We aimed to statistically 
define and analyze continuity factors associated with demographics, clinical workforce, and geographical relation-
ships.
Methods: We used 2014–2015 National Health Insurance Service claims data from the Korean registry, with 39,096 
eligible outpatient attendance. We applied multivariable logistic regression to analyze factors that may affect the 
continuity of care indices for each patient: the most frequent provider continuity index (MFPCI), modified-modi-
fied continuity index (MMCI), and continuity of care index (COCI).
Results: The mean continuity of care indices were 0.90, 0.96, and 0.85 for MFPCI, MMCI and COCI, respectively. 
Among patient factors, old age >80 years (MFPCI: odds ratio [OR], 0.81; 95% confidence interval [CI], 0.74–0.89; 
MMCI: OR, 0.84; 95% CI, 0.76–0.92; and COCI: OR, 0.81; 95% CI, 0.74–0.89) and mild disability were strongly associ-
ated with lower continuity of care. Another significant factor was the residential area: the farther the patients lived 
from their primary care clinic, the lower the continuity of diabetes care (MFPCI: OR, 0.74; 95% CI, 0.70–0.78; MMCI: 
OR, 0.70; 95% CI, 0.66–0.73; and COCI: OR, 0.74; 95% CI, 0.70–0.78).
Conclusion: The geographical proximity of patients’ residential areas and clinic locations showed the strongest 
correlation as a continuity factor. Further efforts are needed to improve continuity of care to address the geographi-
cal imbalance in diabetic care.
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INTRODUCTION

Diabetes is one of the largest public health concerns, with approxi-

mately 463 million patients worldwide1) and constituting 10% of all 

global health expenditures. In 2019, the American Diabetes Associa-

tion (ADA) emphasized the need for higher continuity of care in man-

aging diabetes and its comorbidities.2)

	 Studies on the interpersonal continuity of care of diabetic patients 

revealed that higher continuity of care improved patient satisfaction, 

consequently lowering both hemoglobin A1c level and cost of care.3,4) 

Multiple randomized controlled trials, systematic reviews, and obser-

vational studies have shown that higher continuity in diabetic patients 

is associated with fewer emergency room visits and lower mortality 

rates, which are some of the main clinical goals in diabetes care.2,5,6)

	 With the increasing attention continuity of care has received,7,8) nu-

merous studies have attempted to evaluate the continuity factors that 

apply to the primary healthcare environment. However, most of these 

studies are observational, with several limitations. For example, a re-

search in European categorized and determined factors associated 

with the level of continuity as population demographics, quality of 

care,9) and interpersonal relationships between patient and physi-

cian.3) However, many of the factors mentioned were investigated 

through surveys and interviews, making them susceptible to bias. 

Similarly, these studies were not performed nationwide, and their re-

sults were based on patients’ subjective views on their treatment.

	 In the Korean healthcare provision, all hospitals and clinics are cov-

ered by a single mandatory public insurance system. Recent observa-

tional studies conducted in Korea reported that patient demographics 

and medical institution types were correlated with continuity of care 

in diabetes.10,11) These studies were conducted using clinical data but 

were lacking in the variety of analyzed factors.

	 This study aimed to measure continuity of care using nationwide 

health insurance claims data and determine the factors associated 

with demographics, clinical workforce, and geographical proximity. 

Although the association between continuity and geographical prox-

imity of primary care clinics may seem apparent, it has not been previ-

ously investigated. With such evidence, clinicians and policymakers 

can better guide diabetic patients to improve their continuity of care 

and outcomes.

METHODS

1. Data Source and Study Population
This study used claims data from the Korean National Health Insur-

ance Service (NHIS) National Sample Cohort, a population-based co-

hort study. The cohort was first sampled from the 2002 NHIS database 

and was followed up until 2017. The NHIS enrolees cover approxi-

mately 97% of all Koreans, and with a random sampling rate of 2%, this 

sample cohort included 1,000,000 individuals. We used data collected 

from 22,275,040 outpatient attendances across 29,912 office-based 

clinics from 2014 to 2015. From this pool, we selected patients who 

had attended outpatient clinics for type 2 diabetes mellitus using their 

diagnosis records. The NHIS data contain a diagnosis record for each 

attendance per participant in the form of the International Classifica-

tion of Diseases 10th revision. To calculate the continuity of care index 

(COCI) without outliers, we excluded patients who recorded less than 

four or more than 100 attendances during the follow-up period.12)

	 We identified the primary care provider for each patient and the 

clinic most frequently visited by the participant for these attendances. 

We selected patients whose primary care provider was clinic-based 

(N=39,130) to focus on continuity in the primary care environment. Fi-

nally, patients aged >20 years were included in this study (N=39,096). 

For example, if a known diabetic patient who attended local clinics five 

times between 2014–2015 for their diabetes care had a primary care 

provider based in a general hospital, they would be excluded from the 

analysis (Figure 1).

	 The requirement for informed consent from individual patients was 

exempted by Seoul National University Hospital due to the retrospec-

83,953 Subjects visited clinics for T2DM during

2014 2015

30,225 Subjects whose most frequent care provider

for T2DM is not primary care clinic excluded

53,728 Subjects visiting primary care clinic as

the most frequent care provider for T2DM

14,176 Subjects whose number of visits to clinics

is less than 4 of grater than 100 excluded

39,130 Subjects visited clinics for DM more than

or equal to 4 and less than or equal to 100 times

34 Subjects under age 20 excluded

39,096 Subjects included

Figure 1. Flowchart of participant selection. 
T2DM, type 2 diabetes mellitus; DM, diabetes 
mellitus.
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tive design of this study (1802-071-922).

2. Measures

1) Continuity of care

We calculated three continuity of care indices for each variable to 

measure continuity of care: the most frequent provider continuity in-

dex (MFPCI), modified-modified continuity index (MMCI), and COCI. 

These three indices must have a value between 0 and 1, according to 

the following formula:

	

 6
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𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶 𝐶 (∑ 𝑛𝑛������ ) − 𝑁𝑁
𝑁𝑁(𝑁𝑁 𝑁 𝑁)  

  	 N: total number of visits; M: total number of clinics visited; ni: the 

number of visits to ith care provider.

	 The MFPCI is the ratio of the number of visits to the primary care 

physician to the total number of visits to all physicians; it shows the 

concentration of visits to the primary physician.13) When calculating 

the MMCI, the number of clinics visited by the patient was included. 

Therefore, MMCI also reflects the distribution across clinicians, which 

is not accounted for by MFPCI.14) COCI combines the characteristics of 

both MFPCI and MMCI but also considers the degree of concentrated 

visits to each clinic.15) Thus, a COCI value of 0 indicates that the patient 

had visited a different clinician each time, while 1 means that the pa-

tient only visited a single physician for diabetic care.

2) Patient factors

The data included basic patient information, including age, gender, 

residential area, average monthly insurance premium, and the pres-

ence of a disability, whether mental or physical. We defined the pa-

tients’ ages as of 2014 and categorized them into four groups with a 

range of 20 years each. Residential areas were provided according to 

the Korean administrative district (gu), not the specific geographical 

information. We allocated the residential area to one of four groups: 

Seoul (capital city), Gyeonggi-do (province), metropolitan city, and 

other areas. The average monthly insurance premium was also in-

cluded in the data because it is correlated with household income. Al-

though the initial insurance premiums were graded from 1 to 10 (the 

lowest to the highest), we categorized the 10 grades into three 

groups:1–3, 4–7, and 8–10. Disabilities were categorized into absence, 

mild disability, and severe disability.

3) Clinic workforce factors

We analyzed the most frequent care provider for each patient, estab-

lished them as the primary care provider and combined it with the 

given clinical information: specialty of the primary physician, number 

of hired physicians and nurses, hospitalization facility, and geographi-

cal location. Although clinics may employ doctors with various spe-

cialties, only the single main medical specialty they reported to the 

government was considered. For instance, even though an internal 

medicine clinic employed dermatologists and general practitioners, 

they would report as internal medicine specialists. For clarity, a gener-

al practitioner is a licensed medical doctor without a specialty. Medi-

cal specialties accountable for treating more than 1% of the selected 

patients with diabetes were included in our multivariable model.

	 The number of registered nurses was also evaluated as a potential 

factor in the continuity of patients with diabetes. This is a surrogate fac-

tor that reflects the size of the clinics and affects the patient experience.

4) Geographical proximity factors

This variable indicates whether the patient’s residential area and the 

primary physician’s clinic are located in the same gu, thus represent-

ing the geographical proximity of the two factors.

3. Statistical Analysis
Patients were first categorized into two groups for each continuity in-

dex: high and low continuity. The lower quartile (25th percentile) was 

used as the cut-off value to divide the groups because the median val-

ue of all indices was equivalent to 1, an inappropriate value for dis-

cerning the disparity of continuity between the groups. We employed 

the chi-square test to evaluate the differences between the low- and 

high-continuity groups for each baseline characteristic.

	 We applied multivariable logistic regression analysis to investigate 

the association between the level of continuity and each factor. There 

were three geographical variables: the patient’s residential area, clinic 

location, and the concurrence of both factors. We excluded the prima-

ry physician’s clinical location factor when performing multivariate 

analyses adjusted for patient and clinical factors to ensure minimal 

confounding effects. Because there is no confirmed standard in the 

continuity of diabetic patients, the most common group for each vari-

able was selected as the reference group.

	 Odds ratios (OR) and 95% confidence intervals (CI) were calculated. 

Among the MFPCI, MMCI, and COCI indices, OR values greater than 

1 indicated higher continuity of care than the reference group. All 

analyses were performed with SAS Enterprise guide ver. 7.1 (SAS Insti-

tute Inc., Cary, NC, USA), and two-sided P<0.05 were considered sta-

tistically significant.

RESULTS

1. Characteristics of the Study Population
A total of 39,096 patients were included in the study, and primary care 

provider information was obtained for each patient. Of the study pop-

ulation, 20,153 (51.54%) were male, and the average age was 62.6 

years. Over half (63.5%) of the patients visited internal medicine physi-
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cians as their primary care providers, and most primary care provider 

clinics hired a single physician (74.3%) and did not have registered 

nurses (66.7%). Most (85.4%) clinics did not have hospitalization facili-

ties.

	 Patients attended clinics for diabetes mellitus on an average of 20.2 

times (standard deviation [SD]=11.3) over the 2 years, approximately 

once every 5 weeks. Approximately 50% of the patients were followed 

up at a single clinic to treat their diabetes for 2 years, demonstrating 

high continuity. On average, the participants visited 1.6 clinics over 2 

years (SD=0.9) to manage their diabetes. Mean±SD values of continu-

ity of care indices were 0.90±0.16, 0.96±0.08, and 0.85±0.21 for MFPCI, 

MMCI, and COCI, respectively. We divided the patients into two 

groups of continuity based on the lower quartile (25th percentile) val-

ue of each index. The cut-off limits for the lower quartile index values 

for MFPCI, MMCI, and COCI were 0.83, 0.98, and 0.98, respectively. 

Patients in the lower quartile were defined as the lower continuity 

group and further statistical analyses were performed to evaluate fac-

tors associated with higher continuity.

	 Age, residential area, presence of disability, physician specialty, clin-

ic location, hospitalization facility, and distance between the patient 

location and their primary care clinic showed significant differences in 

the distributions of the lower and higher MFPCI, MMCI, and COCI 

groups (P<0.05). The numbers of physicians and registered nurses 

showed statistical incongruity among the indices.

1) Patient factors

Multivariate logistic regression was used to discern the elements asso-

ciated with greater continuity. For each continuity index, we used re-

gression analyses to investigate the continuity of all baseline character-

istic variables (Table 1), excluding clinic location.

	 We found that patients aged 20–39 years old (MFPCI: OR, 0.75; 95% 

CI, 0.65–0.86; MMCI: OR, 0.73; 95% CI, 0.64–0.84; and COCI: OR, 0.73; 

95% CI, 0.64–0.84), and >80 years (MFPCI: OR, 0.81; 95% CI, 0.74–0.89; 

MMCI: OR, 0.84; 95% CI, 0.76–0.92; and COCI: OR, 0.81; 95% CI, 0.74–

0.89) were associated with lower continuity of care. There was a signifi-

cant statistical association between continuity, residential area, and 

the presence of a disability. Patients living in metropolitan areas had 

higher continuity of care than those living in other areas (metropolitan 

area, MFPCI: OR, 1.19; 95% CI, 1.17–1.27; MMCI: OR, 1.17; 95% CI, 

1.10–1.25; and COCI: OR, 1.19; 95% CI, 1.12–1.27). Patients with mild 

disabilities showed a lower continuity of care than those without such 

disabilities. However, patients with severe disabilities showed no sig-

nificant differences in continuity compared with those without dis-

abilities.

2) Clinic workforce factors

Analysis of the medical specialties of primary care physicians showed 

that general practitioners and orthopedic specialists were associated 

with lower continuity of diabetes. Family medicine was correlated with 

higher continuity, whereas general surgery showed lower continuity. 

However, these two specialties demonstrated no statistical significance.Ta
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3) Geographical factors

Geographical discrepancies between a patient’s residential area and 

their primary care clinic location demonstrated significantly lower 

continuity of care (MFPCI: OR, 0.74; 95% CI, 0.70–0.78; MMCI: OR, 

0.70; 95% CI, 0.66–0.73; and COCI: OR, 0.74; 95% CI, 0.70–0.78) (Table 

2).

DISCUSSION

In the current study, diabetic patients in Korea on average have high 

continuity of care. Continuity of diabetic care was significantly higher 

in middle-aged patients (40–59 years); who lived in metropolitan ar-

eas, did not have disabilities, visited an internal medicine specialist, 

and lived close to their primary care providers.

	 Earlier studies have shown that gender and medical institution type 

are some of the factors related to continuity. However, we included in-

formation that may reveal more significance for continuity of care, 

such as physician specialty, number of hired physicians and nurses 

per clinic, and geographical relationships.

	 In agreement with previous studies, continuity was distinctively 

lower in the younger age group (20–39 years), which can partly be ex-

plained by milder disease severity, fewer complications, and more fre-

quent residential migration. However, the current phenomenon can 

pose an impending threat to the working population since the legacy 

effect of diabetes has been recently reported.16)

	 Consistent with earlier findings, our results showed a lower continu-

ity in patients with disabilities.17) However, we further examined how 

continuity of care differed between participants with mild and severe 

disabilities; patients with mild disabilities showed lower continuity. 

This is not only because severely disabled patients have higher hospi-

Table 2. Association between patient, clinic and geographical proximity factors with higher continuity*

Variable Category MFPC MMCI COCI

Patient factor
   Age (y) 20–39 0.75 (0.65–0.86) 0.73 (0.64–0.84) 0.73 (0.64–0.84)

40–59 1.18 (1.12–1.24) 1.12 (1.06–1.18) 1.18 (1.12–1.24)
60–79 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
≥80 0.81 (0.74–0.89) 0.84 (0.76–0.92) 0.81 (0.74–0.89)

   Sex Male 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Female 0.89 (0.85–0.94) 0.90 (0.86–0.95) 0.89 (0.85–0.94)

   Residential area Seoul 1.03 (0.96–1.11) 0.99 (0.92–1.06) 1.03 (0.96–1.10)
Gyeonggi-do 1.07 (0.99–1.14) 1.06 (0.99–1.14) 1.06 (0.99–1.13)
Metropolitan 1.19 (1.17–1.27) 1.17 (1.10–1.25) 1.19 (1.12–1.27)
Others 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

   Insurance premium Grade 1–3 0.98 (0.92–1.04) 0.99 (0.94–1.06) 0.97 (0.91–1.03)
Grade 4–7 0.99 (0.93–1.04) 1.03 (0.98–1.09) 0.99 (0.93–1.04)
Grade 8–10 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

   Disability No 1.00 (Reference) 1.00 (reference) 1.00 (Reference)
Mild 0.85 (0.78–0.92) 0.84 (0.78–0.91) 0.85 (0.78–0.92)
Severe 1.06 (0.84–1.33) 1.03 (0.82–1.29) 1.04 (0.83–1.31)

Clinic factor†

   Specialty of physician Internal medicine 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
General practitioner 0.78 (0.73–0.82) 0.81 (0.77–0.91) 0.77 (0.73–0.82)
General surgery 0.92 (0.77–1.08) 0.94 (0.79–1.11) 0.90 (0.76–1.06)
Orthopedic surgery 0.61 (0.50–0.74) 0.61 (0.50–0.75) 0.61 (0.50–0.74)
Family medicine 1.10 (0.97–1.25) 1.11 (0.98–1.26) 1.08 (0.96–1.23)
Others 0.67 (0.58–0.77) 0.71 (0.61–0.82) 0.65 (0.57–0.75)

   No. of physicians 1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
2 0.99 (0.93–1.07) 0.99 (0.93–1.06) 0.99 (0.93–1.07)
≥3 0.95 (0.87–1.04) 0.89 (0.82–0.97) 0.95 (0.87–1.03)

   No. of registered nurses‡ 0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
1 1.06 (0.99–1.13) 1.07 (1.01–1.14) 1.06 (0.99–1.13)
≥2 1.09 (1.01–1.17) 1.03 (0.95–1.11) 1.07 (0.99–1.16)

   Hospitalization facility No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 0.93 (0.87–1.01) 0.92 (0.86–0.99) 0.93 (0.86–0.99)

Geographical proximity factor
   Concurrence in location§ No 0.74 (0.70–0.78) 0.70 (0.66–0.73) 0.74 (0.70–0.78)

Yes 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Values are presented as odds ratio (95% confidence interval).
MFPC, most frequent provider continuity; MMCI, modified-modified continuity index; COCI, continuity of care index.
*Multivariable logistic regression has been performed for analysis. †Matched clinic information of most frequent care provider for each subject. ‡Number of registered nurse. 
§Assessed concurrence of location of primary clinic and registered address of subject at the level of administrative district-gu.
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tal visit rates but also because disability-related policies are mostly tar-

geted at more severely disabled patients.18,19) Those with mild disabili-

ties are socially disadvantaged, indicating a need for more social and 

political attention to their well-being.

	 To our knowledge, no study has explored the correlation between 

continuity and geographical proximity of a patient’s residential area 

and primary care location. In Korea, patients can choose their primary 

care doctors and the type of institution they visit. Our results showed 

that more than 30% of the sample cohort patients visited clinics in gu 

other than their homes, which led to a marked decline in continuity. 

This conveys a large disparity between the supply and demand of 

medical resources in South Korea. In 2019, the ADA guidelines recom-

mended that diabetic patients meet their primary caregivers every 2–3 

months.2,20) Moreover, the prevalence of diabetes is closely related to 

residential location,21) which implies that local physicians can manage 

their patients more customized, and communicatively. To further im-

prove continuity of care, efforts are required to address the geographi-

cal imbalance in diabetes care.

	 We also investigated the association between continuity and clinic-

related factors, such as the primary clinician’s specialty, the number of 

physicians and nurses per clinic, and the hospitalization facility. Our 

data trend indicated that solo or group practice, hospitalization facili-

ties, and the number of hired nurses did not impact continuity. These 

surrogate markers indicate that patients do not have preferences re-

garding the size of office-based clinics. In contrast, the specialty of pri-

mary and continuity physicians showed a range of statistical relevance. 

Continuity was lower in patients with diabetes who visited general 

practitioners than in those who visited internal medicine specialists. 

This implies that patients prefer specialist care even when managing 

chronic diseases. Raising awareness of the primary care environment 

is essential for future healthcare planning.22,23)

	 The current study had several limitations. Some patients with diabe-

tes may visit outpatient clinics with an issue other than diabetes, which 

cannot be deferred from our results. For example, although our results 

revealed that some patients visited surgical specialists for diabetic care, 

it is possible they visited the clinic for other needs. Secondly, we iden-

tified a patient’s geographical proximity and MFPCI by a concurrence 

of their location with the gu. However, this discrete variable does not 

indicate the actual distance between each patient and their MFPCI, 

which is susceptible to error. Finally, although we analyzed the direct 

association between variables and continuity of care, we could not 

evaluate the influence of interpersonal care. Qualitative indices should 

be assessed to examine the dynamic relationship between patients 

and their physicians.

	 The main strength of our study is the use of nationwide, representa-

tive, and large cohort data that can be generalized to the South Korean 

population. Such research is valuable for identifying additional factors 

associated with continuity of care. Furthermore, regular follow-up 

studies conducted in similar settings can monitor behavioral changes 

in the primary care environment and assess the impact of healthcare 

policies.

	 Continuity of diabetes is affected by various factors associated with 

patients, clinics, and the location of clinics. Among these factors, geo-

graphical proximity to the primary care clinic and patient’s residence 

significantly correlated with high continuity of care. Policies to support 

the geographical disparity in the supply and demand of diabetic care 

are necessary to promote continuity in diabetic patients.
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