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1. Az A&49 A

A4 (continuity)S L=} E (primary care)E Aod uf AgslsE &4
% shdoldl. “AEA (continuity)” olgh= 7ol digk 719S olsistr] ¢l
A= “dAFe] B (primary care)” gk &olE& AYstr] A& 71d3
SHA| gk}, “dAte) = (primary care)” ki fo& 19201 oA HA 9
SAHAS N 935tet= Aol A Dawson EaLAo] A F21Ho® vy okt
19661 Millis Commission report(1966)ol4 Aolwl dxtog:= ‘Aot
(primary physician)’'9] 7lgd oz Axpoal= 7¢lol} 71Ee] Adxle] A&
2A4 Aelste] o] HadAY & o8 AEri7t dasitia AzE o,
AANTFE o AEHolar FHEAQ AMdS dshes AoE AHosiit
196655 1970t $-Rb7kA] ‘dapofal o] sido] vhekstal AlEstE o] vhet
7] AlZH=d], 197399 Alpert?} Charney(1973)+= L3 s 9] x4 o)
= 37k 54 A Ao ekglth. I0OM(Institute of Medicine)< 1978
Wit 19940 dxpelmol thall FoE k=t 1994dol] dxfo]s e s
AMZL ol 19789 Foj& ntge® 37k A A H=xsisith. AH
= JHQle] o FAtel ol B, AT AGAS], AlAE BRE B
AdaAgdAAe #HS AR AR AHode usy T ‘A=
(primary care)= tithro] 7HQ1AQ] B g+ E vFaL, et A&7
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2 2B jdoE WAtk of muAME A& AelE, HolE
ARbe] Felm AZAEIE W e W 5 dvhs Adel 944 A%

A (clinician continuity)¥} 3x}o] M3 %,
gl AAle]l @A om oAlAT T F Udvke NEY 7159
continuity) 5 ¥l A EHAH e 44

of gk Wstol] A W AHAHY S
. Figure 12 4958 A v ALSH = SS9 /Mgl WA

s HolE,

Table 1. The origin of continuity concept related to changes of primary care definition

Millis, 1966 Alpert & 10M, 1978 I0M, 1994 Starfiled, 1998
Charney, 1973
Primary care: Primary care:
Primary Primary . Y ’ . the level of a
LD .. Primary care Integrated, Accessible, .
physician medicine . health services
Health care services
system
Necessar Integrationist
Y (coordinating Coordination Coordination = Coordination
arrangements
role)
Comprehensive Comprehensi Comprehensiveness
ness veness
Integrated e
Retaining own C01.1t1.n1.11ty
- -Clinician NPT
continuing and . . Longitudinality
. Continuity continuity — o
comprehensive o Record (=continuity)
responsibility ~ Responsibility o
for over time continuity
Giving .
responsibility Accountability Health ~care Services by
accountable clinicians
to others,
First-contact - o .
care Accessibility Accessibility First-contact care

I0OM, Institute of Medicine



1950 1960 1970 1980 1990 2000 2010

| | | |

Definitions including
personal relationship,
communication and

Definitions including personal relationship,

Comtinuity of care e 2
= communication and coorperation

Personal relationship

cooperation
Coordination of care Comnmnication Ly m.clut%mg personal "htf onship,
communication and coorperation
Integration of care Definitions including ication and cooperation
Patient centered care Definitions including personal relationship

Definitions including personal rel:
communication and cooperation

Case management

Figure 1. Evolution of definitions of the different concepts
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o] A%A(informational  continuity), &%  A%A(longitudinal
conitiuity), the1¥A x4 (interpersonal continuity)ebar e},
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Table 2. Summary of previous studies

Study Data(Subjects) cont]i)rflslif;‘igrzl dex ‘%l;ti;(;:;: Independent variables Main results
Wasson JH et al. Male outpatients -Double-blind -Hospital Age, chronic pain, Randomized continuity
(1984) visiting the randomized trial admission, atherosclerotic group had fewer emergent
White River -modified COC -length of stay cardiovascular disease, admissions and shorter
Junction -patient respiratory disease, average length of stay.
Veterans satisfaction Emotional impairment,
Administration limitation ADL
Hospital
General Medical
Clinic
Mainous AG & Gill ~ Claim data: -Longitudinal Acute hospital Age, sex, race, county, Continuity with clinician
IM(1999) Delaware analysis admission Medicaid eligibility decreases the likelihood
Medicaid -Number of category and case mix of future hospitalization.
program(1993.0  ambulatory visits
6.01-
1995.07.30)
Christakis DA et al. Claims data: -Retrospective -Emergency Age, sex, presence of Lower continuity of
(2001) 46097 pediatric ~ cohort study department use  asthma, presence of primary care is associated
patients from -COC -Hospitalization =~ Medicaid, pediatric with higher risk of ED
Group Health chronic disease score utilization and
Cooperative hospitalization.
Menec VH et al. Survey health -longitudinal cohort ~ Hospitalization =~ Age, sex, education, High continuity of care
(2006) care use data study marital status, presence was associated with

-at least 75% of total
FP visits to the
same: continuity of
care is good.

of move, self-rated health
status, chronic
conditions, ADL,
cognitive impairment

reduced odds of
hospitalizations.
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Table 2. Summary of previous studies - continued

Study Data(Subjects) I.)es1.gn.& Out.come Independent variables Main results
continuity index variables
McCusker J et al. Provincial -Retrospective The number of  Time spent in hospital, Greater continuity of care
(2012) administrative cohort study visits to an visits to emergency with a family physician
data -UPC emergency department during predicted less use of the
department baseline, affiliation with ~ emergency department.
a primary physician,
complete annual
examinations, age, sex,
percentile of material
deprivation and area of
residence
Chan CL et al.(2012) Health -Longitudinal Emergency Age, sex, income, The higher the COC at
Insurance analysis department Charlson Comorbidity medical facility level, the
Database -UPC,COC,SECOC, services use& Index, the number of lower the utilization rate
ICOC hospitalization ~ chronic conditions, of ED services and
disability or catastrophic  hospitalization.
illness
Nyweide DJ(2013) Medicare -Retrospective Preventable Age, sex, race/ethnicity,  Higher continuity
beneficiaries cohort study hospitalization Medicaid dual ambulatory care is
-UPC, COC eligibility,, hierarchical associated with a lower

condition categories
score

rate of preventable
hospitalization

-13-



Table 2. Summary of previous studies - continued

Study Data(Subjects) ].)es1.gn.& Out.come Independent variables Main results
continuity index variables
Chen et al.(2013) Taiwan’s -Longitudinal -Medication Age, sex, DCSI(diabetes  Improving the COC for
National Health analysis adherence complication severity patients with type 2
Insurance data -COC -Hospital index) score, diabetes may result in
admission CIC(chronic illness with  higher medication
-ED visits complexity)index, adherence.
hospitalization in the
previous year, Multiple
oral antihyperglycemic
medications, enrolled in
the P4P program,
accreditation of
hospitals. Metabolism
endocrinilogist
Weiss LI et al.(1996) Nationally -Longitudinal -Preventive Age, race, sex, income, Longer duration is
representative analysis care, education, insurance, associated with lower
sample of -usual provider and -healthy General health, lives costs
enrollees in the  duration behaviours, alone, marital status,
US Medicare -Health care residence
program services

-Medical costs

-14-



Table 2. Summary of previous studies - continued

Study Data(Subjects) I.)es1.gn.& Out.come Independent variables = Main results

continuity index variables

Fan VS et al.(2004)  Patients -longitudinal Patients Age, sex, marital status,  Better self-reported
participating in  analysis satisfaction race, employment, continuity of care was
the Ambulatory  -self-report(4 likert income, education, type  associated with higher
Care Quality scale) of provider, aspects of patients’ satisfaction.
Improvement medical care, provider
Project panel size...

Atlas SJ et al.(2009)  Patients visiting  Population-based Performance Age, sex, race/ethnicity, = Physicians-connected
academic cohort study measure: cancer insurance status, time patients was associated
network of 4 screening test, since last physician visit, = with the completion of
community chronic disease  practice visits in the past  recommended test for
health centers management 3yr, Charlson’s preventive care and
and 9 hospital- comorbidity index chronic illness
affiliated
primary care
practices-
electronic
record

Katz DA et al.(2013) VA outpatients -Cross-sectional -Excellent Age, sex, marital status, = Reduced PCP continuity
who were study communication  income, disability status, may decrease the quality
assigned to a -UPC, MMCI -Shared comorbid conditions, of patient-provider
PCP -Duration of care decision making comorbid psychiatric communication.

with PCP conditions

-15-



Table 2. Summary of previous studies

Study Data(Subjects) continuity index \(f)atti;(l))lllg Independent variables Main results
Choi YJ(2006) National -Longitudinal analysis ~ Hospital Age, sex, presence of Higher continuity of
Standard Cohort admission disability, presence of care was lower hazard
hospital admission caused ratio for hospital
by asthma, total ambulatory  admission.
visits, Carstairs index
Kim JY et al.(2006)  National Health  -Longitudinal anaylsis  -Hospital Age, sex, health insurance Higher continuity of
Insurance Data  -Good continuity: if admission type, area of residence, care was lower OR for
patient visited -Death caused onset of diabetes hospital admission,
outpatient clinic one or by diabetes mellitus,previous hospital OR for death and OR
more per quarter -Medical admission caused by for using high-cost
costs diabetes, main attending
clinic, medication
prescription days
Ahn LS(2008) National Health  -Longitudinal analysis  Inpatient & Age, sex, income, health Higher continuity of
Insurance outpatient insurance type, area of care was lower HR for
Review medical residence, presence of hospital admission.
&Assessment services use transfer, total ambulatory
data visits, Charlson score
Hong JS & Kang National Health  -Retrospective cohort ~ -Hospital Age, sex, main attending Lower continuity of
HC (2013) Insurance admission clinic, health insurance type, care was increasing
Review -Medical charlson comorbidity index =~ OR for hospital
&Assessment costs admission and using
data medical costs
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General characteristics:

Age, sex, type of health security,

severity of disease, number of combination
hypoglycemic agents, type of diabetes
medication, type of outpatient clinic which
most frequently visited, medication
prescription days, COC(Continuity of

care)index

Measuring continuity of care :

UPC(Usual Provider Care)index,
COC(Continuity of care)index,
SECON(Sequential Continuity of
care)index, [COC(Integrated Continuity of
care)index

—Identifying hospital OR according to
continuity level

—>Identifying AUC for hospital
admission according to continuity
index

Figure 2. Frame of this study
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NPS-20 table NPS-30 table NPS-40 table NPS-33 table Ykiho table
Registry dataset Medical Diagnosis Prescription Healthcare
Inpatient dataset services dataset dataset provider

Outpatient dataset dataset dataset

Total diabetes mellitus
patients(E10-E14): 2,024,345

id the patient visit
ambulatory clinics as
E11 of main-sick
in age of 19 or older?

Selected as initiative subjects
(1,629,548 patients)

Did the patient visit
ambulatory clinics as
E11 of main-sick or take
prescription of DM
medications?

» Excluding subjects those who total visits was less than 4 to measure continuity of
care(259,421 patients)
» Total analysis subjects: 1,370,127patients

Figure 3. Flowchart of subject selection
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Table 3. Definitions of main variables in this study

Variables Definition
Presence of claim of Ell as main sick
QOutcome . . . . . . .
. Hospital admission which use inpatient medical services more
variable than one day during 1 year of 2009.
Classified as 6 categories according to 10
Age ages intervals in adults who were more
than 20 year-old.
Health insurance, Medical aid,
Health security type Others(Veterans, -Beneﬁc.iaries who are
free of charge in medical services as
government expenditure)
-Extracted PCCL(Patients Clinical
Complexity Level) using KDRG(Korean
Diagnosis Related Group) code
Severity of disease -Calculating total number of diabetic
complication using main-diagnosis, sub-
diagnosis 1 and sub-diagnosis 2.
—used the larger value of these two values.
The number If blood glucose level does not control,
of . patients take prescription combination of
combination ~ USingas hypoglycemic agents —classified as no
Indel?endent hypoglycemic PTOXY medication, 1 agent, 2 agents, and >3
variables agents variable agents.
for
Type 9f main | Patients If severity of patient is more severe,
attending severity : . :
. patients use higher-level hospital.
clinic
. . Classified as no medication, oral
Type of diabetic hypoglycemic agents, and insulin or insulin
medication ’
pump.
-Were subjected to without diabetic
complications who took tests based on
ambulatory clinic. Especially, in case of
The number of ftests ﬁlpdus t@st, were subjected to patients
which patient took without diabetic retinopathy.

-Tests were including HbAlc, glucose test,
lipid profile and Fundus test(fundus
examination, fundus photography and
fluorescence fundus angiography).
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Table 3. Definitions of main variables in this study(continued)

Variables

Definition

Independent
variables

Medication prescription
days

Classified as 0 day and severity=0, 0 day
and severity>1, 1-179 days, 180-269 days,
270-359 days and =360 days according to
prescription days.

Operational definition:

-0 and severity=0: mean patients who do
not need medication according to
physician’s decision.

-0 and severity >1: mean patients who need
medication but did not take prescription
according to patient’s will.

Continuity of care

Measured UPC, COC, SECON, and ICOC

Continuity is good

Defined as when COC was more than
0.75(Menec VH et al. 2006).
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Table 4. Distribution of individual characteristics by hospital admission(continued)

Unit: persons(%)*

Characteristics Yes No Total P-value
Age(years)
20-29 492(6.8) 6,723(93.2) 7,215 <.0001
30-39 1,977(4.3) 44,169(95.7) 46,146
40-49 7,415(3.7) 190,437(96.3) 197,852
50-59 11,885(3.3) 348,114(96.7) 359,998
60-69 13,715(3.3) 402,021(96.7) 415,736
>70 19,308(5.6) 323,871(94.4) 343,179
Sex
Male 25,861(3.6) 690,913(96.4) 716,774 <.0001
Female 28,931(4.4) 624,422(95.6) 653,353
Type of health security
Health Insurance 43,077(3.4) 1,209,520(96.6) 1,252,597 <.0001
Medical Aid 11,262(10.2) 98,692(89.8) 109,953
Others 453(6.0) 7,123(94.0) 7,577
Severityf
0 9,654(2.1) 446,796(97.9) 456,450 <.0001
1 26,600(3.8) 672,502(96.2) 699,102
2 15,438(7.8) 182,160(92.2) 197,598
>3 3,100(18.3) 13,877(81.7) 16,977
Number of combination
hypoglycemic agentst
No medication 27,131(6.6) 386,204(93.4) 413,335 <.0001
1 agent 13,192(2.9) 438,165(97.1) 451,358
2 agents 10,977(2.7) 393,227(97.3) 404,204
=3agents 3,492(3.4) 97,738(96.6) 101,230
Type of diabetes mellitus
medication
No medication 27,131(6.6) 386,204(93.4) 413,335
Oral 25815(2.8) 907507(97.2) 933,323
Insulin injection or 1846(7.9) 21623(92.1) 23,469

pump

*: Weighted Frequency(Weighted Percent)

+: used as a proxy variable for severity of patients.

": Odays & Severity=0 means that people did not need medications.

" : Odays & Severity=1 or 2 or 3 means that people who need medication but did not take prescription.

+ @ Tests include HbAlc test, Glucose test, Fundus examination, and Lipid profiles; were subjected to
patients without complications. Especially in the case of fundus test, were subjected to patients without
diabetic retinopathy.

i: used larger value whether number of complications related to diabetes mellitus or PCCL(Patient Clinical
Complexity Level) using KDRG code
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Table 4. Distribution of individual characteristics by hospital admission

Unit: persons(%)*

Characteristics Yes No Total P-value
Type of outpatient clinic
which most frequently
visitedt
General hospital 24,315(7.1)  319,543(92.9) 343,858 <.0001
Hospital 7,300(7.7) 88,053(92.3) 95,353
Primary care provider 21,600(2.5) 833,908(97.5) 855,508
Public health center 1,577(2.1) 73,830(97.9) 75,407
Number of tests which
patient took #
none of tests 13,454(4.3)  300,036(95.7) 313,489 0.0035
1 of 4 tests 35,615(4.0) 864,939(96.0) 900,554
more than 2 of 4 tests 5,723(3.7) 150,361(96.3) 156,084
Medication Prescription
Days
0 days & Severity=0 " 699(1.9) 35,430(98.1) 36,130 <.0001
Ori;f‘ys &Severity=lor2 ) 71743)  50,523(95.7) 52,799
1-179 18,308(8.4) 198,914(91.6) 217,222
180-269 10,969(6.1) 169,360(93.9) 180,330
270-359 15,846(3.4)  451,804(96.6) 467,650
>360 6,692(1.6) 409,304(98.4) 415,996
Continuity of Care
Good(COC index>0.75) 27,508(2.7)  984,191(97.3) 1,011,698 <.0001
Bad(COC index<0.75) 27,285(7.6)  331,144(92.4) 358,428
Total 54,792(4.0) 1,315,335(96.0) 1,370,127(100.0)

*: Weighted Frequency(Weighted Percent)

T: used as a proxy variable for severity of patients.

": Odays & Severity=0 means that people did not need medications.
" . O0days & Severity=1 or 2 or >3 means that people who need medication but did not take prescription.

+ : Tests include HbAlc test, Glucose test, Fundus examination, and Lipid profiles; were subjected to
patients without complications. Especially in the case of fundus test, subjects were patients without diabetic

retinopathy.

1: used larger value whether number of complications related to diabetes mellitus or PCCL(Patient Clinical
Complexity Level) using KDRG code
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Table 5. OR for Hospital admission according to individual characteristics

Unadjusted OR Adjusted OR
Characteristics OR 95% CI OR 95% CI
Age(years)
20-29 1.23 0.88-1.71 1.07 0.72-1.59
30-39 0.75 0.64-0.88 0.84 0.71-1.00
40-49 0.65 0.60-0.72 0.74 0.67-0.83
50-59 0.57 0.53-0.62 0.69 0.63-0.75
60-69 0.57 0.53-0.62 0.66 0.61-0.72
>70 1.00 - 1.00 -
Sex
Male 1.00 - 1.00 -
Female 1.24 1.17-1.31 1.11 1.04-1.19
Type of health security
Health Insurance 1.00 - 1.00 -
Medical Aid 3.20 2.96-3.47 2.32 2.11-2.54
Others 1.79 1.29-2.48 0.91 0.63-1.30
Severity
0 1.00 - 1.00 -
1 1.83 1.70-1.97 1.75 1.60-1.90
2 3.92 3.60-4.27 3.05 2.76-3.37
>3 10.34 8.64-12.38 6.85 5.62-8.34
Number of combination
hypoglycemic agents’
No medication 2.33 2.18-2.50 1.77 1.62-1.93
1 agent 1.00 - 1.00 -
2 agents 0.93 0.86-1.01 1.14 1.04-1.25
>3 agents 1.19 1.05-1.34 1.46 1.27-1.67
Type of diabetes mellitus
medication
Oral 1.00 - 1.00 -
Insulin injection or pump 3.00 2.52-3.58 1.82 1.48-2.23
Number which took testst
none of tests 1.18 1.06-1.31 1.16 1.03-1.31
1 of 4 tests 1.08 0.99-1.19 1.20 1.08-1.34
more than 2 of 4 tests 1.00 - 1.00 -
Type of outpatient clinic which
most frequently visited
General hospital 2.94 2.76-3.13 3.01 2.80-3.23
Hospital 3.20 2.91-3.52 2.60 2.33-2.91
Primary care provider 1.00 - 1.00 -
Public health center 0.83 0.71-0.97 0.89 0.75-1.07
Medication Prescription Days
0 days & Severity=0 " 1.21 0.95-1.53 1.86 1.43-2.43
>3(,’,, days & Severity=1 or 2-or 5 74 2.36-3.22 2.05 1.71-2.45
1~179 5.63 5.14-6.16 3.72 3.34-4.16
180~269 3.96 3.59-4.37 3.41 3.06-3.81
270-359 2.15 1.96-2.34 2.07 1.87-2.28
>360 1.00 - 1.00 -
Continuity of care
Good(COC index>0.75) 1.00 - 1.00 -
Bad(COC index<0.75) 2.95 2.78-3.12 2.44 2.17-2.75
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Table 6. A comparison continuity levels by continuity index(continued)

UPC cocC SECON ICOC
Characteristics Mean+SD Mean+SD Mean+SD Mean£SD
Age(years)
20-29 0.87+0.18 0.79+0.26 0.86+0.21 0.84+0.21
30-39 0.88+0.18 0.81+0.26 0.88+0.18 0.86+0.20
40-49 0.88+0.18 0.82+0.25 0.89+0.18 0.86+0.20
50-59 0.88+0.17 0.82+0.24 0.88+0.18 0.86+0.19
60-69 0.87+0.17 0.80+0.25 0.87+0.19 0.85+0.19
>70 0.85+0.18 0.77+£0.25 0.84+0.20 0.824+0.20
p-valuet <.0001 <.0001 <.0001 <.0001
Sex
Male 0.88+0.18 0.81+£0.25 0.87+0.19 0.854+0.20
Female 0.86+0.18 0.79+0.25 0.86+0.19 0.83+0.20
p-value} <.0001 <.0001 <.0001 <.0001
Type of healh security
Health Insurance 0.87+0.18 0.80+0.25 0.87+0.19 0.84+0.20
Medical Aid 0.86+0.18 0.78+0.25 0.85+0.20 0.83+0.20
Others 0.92+0.15 0.88+0.22 0.91+0.18 0.90+0.18
p-valuet 0.1774 0.21 <.0001 0.0292
Severity
0 0.87+0.18 0.8+0.25 0.86+0.19 0.844+0.20
1 0.87+0.18 0.81+£0.25 0.87+0.19 0.85+0.19
2 0.85+0.18 0.78+0.26 0.85+0.19 0.834+0.20
3 0.85+0.19 0.77+0.26 0.85+0.20 0.82+0.21
p-valuef <.0001 <.0001 0.0007 <.0001
Number of combination
hypoglycemic agents
No medication 0.85+0.19 0.77+0.26 0.83+0.21 0.82+0.21
1 agent 0.88+0.17 0.82+0.24 0.88+0.18 0.86+0.19
2 agents 0.88+0.17 0.82+0.24 0.89+0.17 0.86+0.18
>3 agents 0.88+0.17 0.82+0.24 0.89+0.16 0.86+0.18
p-valuef <.0001 <.0001 <.0001 <.0001
Type of diabetes mellitus
medication
No medication 0.85+0.19 0.77+0.26 0.83+0.21 0.82+0.21
Oral 0.88+0.17 0.82+0.24 0.89+0.17 0.86+0.19
Insulin injection or pump 0.86+0.18 0.79+0.26 0.85+0.22 0.84+0.21
p-valuet <.0001 <.0001 0.0296 <.0001

+ calculated by one-way ANOVA test
i calculated by Student t-test
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Table 6. A comparison continuity levels by continuity index

UPC CcocC SECON ICOC
Characteristics Mean+SD Mean+SD Mean+SD Mean+SD
Type of outpatient clinic
where most frequently
visited
General hospital 0.88+0.17 0.82+0.25 0.87+0.20 0.86+0.20
Hospital 0.85+0.19 0.77+0.27 0.86+0.20 0.824+0.21
Primary care provider 0.86+0.18 0.79+0.25 0.87+0.18 0.84+0.19
Public health center 0.84+0.19 0.76+0.26 0.83+0.20 0.81+0.21
p-valuet <.0001 <.0001 <.0001 <.0001
Number of tests which
patient took
none of tests 0.88+0.17 0.81£0.25 0.86+0.21 0.85+0.20
1 of 4 tests 0.87+0.18 0.80+0.25 0.87+0.18 0.84+0.19
more than 2 of 4 tests 0.85+0.19 0.77+0.26 0.85+0.20 0.83+0.20
p-valuet <.0001 <.0001 <.0001 <.0001
Medication Prescription
Days
0 days & Severity=0 0.95+0.12 0.92+0.18 0.94+0.15 0.94+0.14
Org days & Severity=1 or 2 0.95+0.11 0.93+0.17 0.94+0.14 0.94+0.14
1~179 0.83+0.19 0.73+0.28 0.81+0.23 0.79+0.22
180~269 0.84+0.19 0.76+0.26 0.85+0.19 0.81+0.20
270-359 0.87+0.17 0.81+0.24 0.88+0.17 0.85+0.18
>360 0.89+0.16 0.83+0.23 0.88+0.19 0.87+0.18
p-valuet <.0001 <.0001 <.0001 <.0001
Total 0.87+0.001 0.80+0.001 0.87+0.001 0.84+0.001

t calculated by one-way ANOVA test
i calculated by Student t-test
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Figure 4. Continuity level by number of ambulatory clinic which patients visited
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Figure 6. Distribution of number of patients by total ambulatory visits
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Table 7. OR and AUC for hospitalization by continuity index

Characteristics U“ag’I‘fted 95% CI Tf ef:;* A‘g‘g;ed 95% CI  AUCS

UPC Index
Perfect 1.00 1.00 ; <0001 1.00 ; 0.597
0.76-0.99 2.45 2.28-2.63 2.45 225267
0.51-0.75 3.39 3.15-3.64 3.00 2.84-3.36
0.26-0.50 5.38 4.85-5.96 3.90 3.45-4.42
0.00-0.25 N.A. N.A. 1771 8.51-36.86

COC Index
Perfect 1.00 1.00 ; <0001 1.00 ; 0.598
0.76-0.99 220 1.99-2.42 2.44 2.17-2.75
0.51-0.75 2.72 2.52-2.94 2.58 236-2.83
0.26-0.50 3.77 3.50-4.06 3.30 3.03-3.59
0.00-0.25 6.81 5.66-8.19 4.84 3.94-5.96

SECON Index
Perfect 1.00 1.00 ] <0001 1.00 ] 0.593
0.76-0.99 2.47 2.30-2.65 2.70 2.49-2.93
0.51-0.75 3.64 3.37-3.94 2.97 2.71-3.26
0.26-0.50 4.41 3.95-4.93 3.43 3.03-3.88
0.00-0.25 437 3.50-5.46 3.27 2.53-423

ICOC Index¥t
Perfect 1.00 1.00 ] <0001 1.00 ] 0.597
0.76-0.99 233 2.15-2.53 2.49 2.26-2.74
0.51-0.75 3.16 2.95-3.38 2.88 2.66-3.11
0.26-0.50 4.95 4.46-5.50 3.92 3.48-4.42
0.00-0.25 7.05 4.7-10.56 4.60 2.80-7.54

N.A., not available; UPC, usual provider care; COC, continuity of care; SECON, sequential continuity; ICOC,
integrated continuity of care.

*P for trend: extracted by Cochran-Armitage test.

T0Odds Ratio are adjusted by each continuity index(UPC, COC, SECON and COCl)separately and all other
independent variables.

§ AUC(area under the receiver operating characteristic curve) means discrimination ability of prediction
model. The AUC of this model was 0.715.
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Figure 8. A comparison of ROC curve for hospital admission by continuity index
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Appendix 1. Diagnosis code related to type 2 diabetic complications by ICD-10

ICD-10 Contents Remarks

E11.0 with coma not included

Ell.1 with acidosis

El1.2 with renal complications

E11.3 with opthalmic complications

Ell.4 with neurological complications

El1.5 with circulatory complications

E11.6 with other specified complications

El11.7 with multiple complications classified as =3 of severity
E11.8 with unspecified complications

E11.9 without complications

Korean National Health Insurance. Korean Standard Classification of Disease.2011

Appendix 2. Hypoglycemic agents list

Hypoglycemic agents Ingredient
Biguanide Metformin HCI
Non-sulfonyl urea Mitiglinide calcium hydrate

Chlorpropamide, Glibenclamide, Gliclazide, Gliclazide,

Sulfonyl urea Glipizide, Glimepiride

Alpha glucosidase Acarbose, Voglibose
Insulin Insulin aspart
Human insulin regular
Human insulin NPH
Insulin determir
Human insulin

Thiazolidinediones Pioglitazone
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Appendix 3. Distribution of individual characteristics by whether continuity is good or

bad
Continuity of care
Characteristics Good(COC>0.75)  Bad(COC<0.75) Total P-value
Age(years)
20-29 5,154(71.4) 2,062(28.6) 7,215 <.0001
30-39 35,300(76.5) 10,846(23.5) 46,146
40-49 151,922(76.8) 45,930(23.2) 197,852
50-59 277,529(77.1) 82,469(22.9) 359,998
60-69 308,628(74.2) 10,7107(25.8) 415,736
>70 233,165(67.9) 110,014(32.1) 343,179
Sex
Male 544,730(76.0) 172,044(24.0) 716,774 <.0001
Female 466,968(71.5) 186,384(28.5) 653,353
Type of health security
Health Insurance 928,484(74.1) 324,113(25.9) 1,252,597 <.0001
Medical Aid 76,746(69.8) 33,207(30.2) 109,953
Others 6,469(85.4) 1,108(14.6) 7,577
Severity
0 332,174(72.8) 124,276(27.2) 456,450 0.0008
1 524,218(75.0) 174,884(25.0) 699,102
2 142,822(72.3) 54,777(27.7) 197,598
3 12,485(73.5) 4,492(26.5) 16,977
Number of combination
hypoglycemic agentst
No medication 277,267(67.1) 136,068(32.9) 413,335 <.0001
1 agent 344,827(76.4) 106,530(23.6) 451,358
2 agents 311,459(77.1) 92,746(22.9) 404,204
>3 agents 78,145(77.2) 23,084(22.8) 101,230
Type of diabetes mellitus
medication
No medication 277,267(67.1) 136,068(32.9) 413,335
Oral 716,293(76.7) 217,029(23.3) 933,323
Insulin injection or pump 18,138(77.3) 5,331(22.7) 23,469
Type of outpatient clinic
where most frequently
General hospital 261,167(76.0) 82,692(24.0) 343,858 <.0001
Hospital 66,184(69.4) 29,169(30.6) 95,353
Primary care provider 634,594(74.2) 220,914(25.8) 855,508
Public health center 49,753(66.0) 25,654(34.0) 75,407
Number of tests which
patient took #
none of tests 237,351(75.7) 76,138(24.3) 313,489 0.0035
1 of 4 tests 665,309(73.9) 235,245(26.1) 900,554
more than 2 of 4 tests 109,038(69.9) 47,046(30.1) 156,084
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Appendix 3 Distribution of individual characteristics by whether continuity is good or

bad (continued)

Characteristics

Continuity of care

Good(COC>0.75)

Bad(COC<0.75)

P-value
Total

Medication Prescription Days
0 days & Severity=0 "
0 days & Severity=1 or 2 or3"
1~179
180~269
269-359
>360

32,115(88.9)
47,230(89.5)
138,045(63.6)
121,176(67.2)
347,612(74.3)
325,520(78.3)

4,015(11.1)
5,569(10.5)
79,176(36.4)
59,154(32.8)
120,038(25.7)
90,476(21.7)

36,130 <.0001
52,799
217,222
180,330
467,650
415,996

Total

1,011,698(73.8)

358,428(26.2)

1,370,127
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Appendix 4. Distribution of individuals continuity characteristics by Hospital Admission

Characteristics Yes No Total P-value
UPC Index

Perfect 1.00 21,108(2.4) 866,469(97.6) 887,576 <.0001
0.76-0.99 13,177(5.7) 220,022(94.3) 233,198

0.51-0.75 14,231(7.5) 175,545(92.5) 189,776

0.26-0.50 6,169(10.4) 53,046(89.6) 59,215

0.00-0.25 107(29.8) 253(70.2) 362

COC Index

Perfect 1.00 21,108(2.4) 866,469(97.6) 887,576 <.0001
0.76-0.99 5,762(5.1) 107,599(94.9) 113,361

0.51-0.75 11,262(6.2) 169,976(93.8) 181,237

0.26-0.50 14,577(8.4) 158,714(91.6) 173,291

0.00-0.25 2,085(14.2) 12,577(85.8) 14,661

SECON Index

Perfect 1.00 21,108(2.4) 866,469(97.6) 887,576 <.0001
0.76-0.99 15,215(5.7) 253,183(94.3) 268,398

0.51-0.75 12,023(8.1) 135,599(91.9) 147,622

0.26-0.50 5,262(9.7) 48,961(90.3) 54,223

0.00-0.25 1,185(9.6) 11,123(90.4) 12,308

ICOC Indext

Perfect 1.00 21,108(2.4) 866,469(97.6) 887,576 <.0001
0.76-0.99 9,715(5.4) 170,937(94.6) 180,652

0.51-0.75 17,015(7.1) 221,398(92.9) 238,414

0.26-0.50 6,508(10.8) 53,930(89.2) 60,438

0.00-0.25 446(14.6) 2,600(85.4) 3,046

Total 54,792(4.0) 1,315,335(96.0) 1,370,127(100.0)

*:Weighted Frequency(Weightd Percent)
+: ICOC(Integrated Continuity of Care) index was caculated by merging UPC(Usual Provider Care),
COCI(Continuity of Care Index) and SECON(Sequential Continuity of Care)
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Appendix 5. Descriptive statistics and factors correlation between ICOC and each
continuity index

Continuity index Mean(SD) Min Max Correlation with ICOC*
UPC 0.868(0.178) 0.167 1.000 0.970
CcocC 0.798(0.249) 0.000 1.000 0.986
SECON 0.866(0.191) 0.000 1.000 0.906
ICOC 0.843(0.198) 0.056 1.000 1.000

Note: SD, standard deviation; *: PCC, pearson correlation coefficients.

Appendix 6. Distribution of individual characteristics by age-group
Unit: persons(%)*

Chracteristics 20-29 30-39 40-49 50-59 60-69 =70

Sex
Male 4,031(55.9)  32,470(70.4) 134,968(68.2) 216,376(60.1)  203,385(48.9)  125,545(36.6)
Female 3,185(44.1) 13,677(29.6)  62,884(31.8)  143,622(39.9) 212,351(51.1) 217,634(63.4)

Type of health

security
Health
Insurance 6,861(95.1)  43,339(93.9) 181,729(91.9)  335,268(93.1)  381,344(91.7)  304,057(88.6)
Medical Aid 353(4.9) 2,800(6.1) 16,123(8.1) 24,023(6.7) 28,577(6.9) 38,076(11.1)
Others 0(0.0) 0(0.0) 0(0.0) 707(0.2) 5,815(1.4) 1,046(0.3)

Severity
0 3,177(44.0) 16,954(36.7)  71,184(36.0)  121,138(33.6)  132,699(31.9)  111,298(32.4)
1 3,154(43.7)  22,977(49.8)  98,099(49.6)  183,468(51.0) 220,691(53.1) 170,712(49.7)
2 869(12.0) 5,962(12.9) 26,584(13.4) 51,407(14.3) 57,900(13.9) 54,876(16.0)
>3 15(0.2) 253(0.6) 1,985(1.0) 3,985(1.1) 4,446(1.1) 6,292(1.8)

Number of

combination

hypoglycemic

agents’
No medication 2,492(34.5) 11,408(24.7)  47,415(24.0) 96,900(26.9)  132,284(31.8)  122,836(35.8)
1 agent 2,608(36.1) 17,023(36.9)  69,322(35.0)  120,223(33.4)  136,145(32.7)  106,037(30.9)
2 agents 1,692(23.5) 14,215(30.8)  67,169(33.9)  113,169(31.4) 118,268(28.4)  89,691(26.1)
>3 agents 423(5.9) 3,500(7.6) 13,946(7.0) 29,708(8.3) 29,038(7.0) 24,615(7.2)

Type of diabetes

mellitus

medication
No medication 2,492(34.5) 11,408(24.7)  47,415(24.0) 96,900(26.9)  132,284(31.8)  122,836(35.8)
Oral 4,408(61.1)  33,308(72.2) 147,253(74.4) 256,791(71.3)  275,960(66.4) 215,604(62.8)
Insulin injection

or pump 315(4.4) 1,431(3.1) 3,185(1.6) 6,308(1.8) 7,492(1.8) 4,738(1.4)
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Appendix 6. Distribution of individual characteristics by age-group (continued)
Unit: persons(%)*

Chracteristics 20-29 30-39 40-49 50-59 60-69 >70
Number which
took tests}
none of tests 2338(32.4)  10846(23.5)  47046(23.8)  77961(21.7)  93653(22.5)  81645(23.8)
1 of 4 tests 3877(53.7)  28431(61.6)  123214(62.3)  237030(65.8)  279091(67.1)  228912(66.7)
A t’er;‘t’sre than 2 of 999(13.9) 6869(14.9)  27592(13.9)  45008(12.5)  42992(10.3)  32623(9.5)
Type of
outpatient clinic
which most
frequently visited
General hospital ~ 2,800(38.8)  13,008(28.2)  47,154(23.8)  87,600(24.3)  111,584(26.8)  81,714(23.8)
Hospital 446(6.2) 2,985(6.5) 17,877(9.0)  28.838(8.0)  25,115(6.0)  20,092(5.9)
pr:vri‘gé?y care 3,761(52.1)  29,700(64.4)  128,645(65.0) 227,453(63.2) 251,991(60.6) 213,958(62.3)
e f t‘;’hc health 207(2.9) 453(1.0) 4,177(2.1) 16,108(4.5)  27,046(6.5)  27,415(8.0)
Medication
Prescription Days
0 days & 246(3.4) 946(2.1) 4,492(2.3) 9,731(2.7) 12,354(3.0) 8,361(2.4)
Severity=0 " ’ : ’ : > . > . > .
0 days &
Severity=1 or 2 153(2.1) 1,854(4.0) 6,331(3.2) 12,831(3.6) 19,138(4.6) 12,492(3.6)
Or3"l
1~179 2,769(38.4)  14,446(31.3)  42261(21.4)  53,115(14.8)  54,238(13.0)  50,391(14.7)
180~269 1,562(21.6)  8,000(17.3)  34,623(17.5)  51292(142)  45284(10.9)  39,569(11.5)
270-359 1,492(20.7)  14,085(30.5)  71,761(36.3)  126,707(35.2)  145,561(35.0)  108,045(31.5)
>360 992(13.8)  6,815(14.8)  38,384(19.4)  106,322(29.5) 139,161(33.5) 124,321(36.2)
Continuity of
care
Good(COC
indes0.75) 5,154(71.4)  35300(76.5) 151,922(76.8) 277,529(77.1) 308,628(74.2)  233,165(67.9)
Bad(COC 2,062(28.6)  10,846(23.5)  45930(23.2)  82,469(22.9)  107,107(25.8)  110,014(32.1)

index<0.75)
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Appendix 7. Distribution of individual characteristics by Hospital Admission
Unit: persons(%)*

Characteristics Yes No Total P-value
Age(years)
20-29 53(0.7) 7,285(99.3) 7,338 <.0001
30-39 438(1.0) 44,054(99.0) 44,492
40-49 1,408(0.7) 189,552(99.3) 190,960
50-59 2,562(0.7) 344,937(99.3) 347,498
60-69 2,692(0.7) 400,497(99.3) 403,190
>70 4,269(1.3) 323,633(98.7) 327,902
Sex
Male 5,262(0.8) 687,443(99.2) 692,705 <.0001
Female 6,162(1.0) 622,514(99.0) 628,676
Type of health security
Health Insurance 8,831(0.7) 1,204,128(99.3) 1,212,959 <.0001
Medical Aid 2,523(2.5) 98,322(97.5) 100,845
Others 69(0.9) 7,507(99.1) 7,577
Severity}
0 5,600(1.4) 387,712(98.6) 393,312 <.0001
1 2,646(0.6) 433,619(99.4) 436,265
2 2,354(0.6) 390,981(99.4) 393,335
3 823(0.8) 97,645(99.2) 98,468
Number of combination
hypoglycemic agents’
No medication 1915(0.4) 444681(99.6) 446,596 <.0001
1 agent 5631(0.8) 671394(99.2) 677,025
2 agents 3185(1.7) 180344(98.3) 183,529
>3 agents 692(4.9) 13538(95.1) 14,231
Type of diabetes mellitus
medication
No medication 5,600(1.4) 387,712(98.6) 393,312 <.0001
Oral 5,446(0.6) 900,292(99.4) 905,738
Insulin injection or pump 376(1.7) 21,954(98.3) 22,331
Number which took testst
none of tests 3,338(0.9) 385,719(99.1) 389,058 0.2749
1 of 4 tests 7,200(0.9) 807,270(99.1) 814,470
more than 2 of 4 tests 884(0.8) 116,968(99.2) 117,853

*: weighted frequency(weighted percentage)

Note: the result of analysis that measuring continuity of care in patients without diabetic
complications during the first nine months and then indentifying relationship between continuity
of care and hospital admission during the last three months.
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Appendix 7. Distribution of individual characteristics by Hospital Admission (continued)
Unit: persons(%)*

Characteristics Yes No Total P-value

Type of outpatient clinic
where most frequently visited

General hospital 4,269(1.3) 323,581(98.7) 327,851 <.0001
Hospital 1,323(1.5) 87,846(98.5) 89,169
Primary care provider 5,431(0.7) 825,616(99.3) 831,047
Public health center 399(0.5) 72,915(99.5) 73,315
Medication Prescription Days
0 days & Severity=0 " 184(0.5) 40,107(99.5) 40,292 <.0001
0 days & Severity>1 546(0.9) 57,199(99.1) 57,746
1~179 3,746(1.4) 273,659(98.6) 277,406
180~269 4,292(0.8) 502,435(99.2) 506,727
>270 2,654(0.6) 436,557(99.4) 439,211
Continuity by ICOC index+
Good(COC=0.75) 7,623(0.7) 1,017,014(99.3) 1,024,637 <.0001
Bad(COC<0.75) 3,800(1.3) 292,944(98.7) 296,744
Total 11423(0.9) 1309958(99.1) 1,321,381

*: weighted frequency(weighted percentage)

Note: the result of analysis that measuring continuity of care in patients without diabetic
complications during the first nine months and then indentifying relationship between continuity
of care and hospital admission during the last three months.
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Appendix 8. OR for Hospital Admission.

Unadjusted OR Adjusted OR
Characteristics OR 95% CI OR 95% CI
Age(years)
20-29 0.56 0.26-1.22 0.57 0.26-1.27
30-39 0.75 0.57-1.01 0.89 0.66-1.21
40-49 0.56 0.47-0.67 0.66 0.55-0.80
50-59 0.56 0.49-0.65 0.67 0.58-0.78
60-69 0.51 0.44-0.59 0.57 0.49-0.66
>70 1.00 - 1.00 -
Sex
Male 1.00 - 1.00 -
Female 1.29 1.16-1.44 1.10 0.98-1.24
Type of health security
Health Insurance 1.00 - 1.00 -
Medical Aid 3.50 3.06-4.00 2.58 2.23-2.98
Others 1.26 0.63-2.49 0.79 0.39-1.60
Severity
0 1.00 - 1.00 -
1 1.95 1.68-2.26 1.85 1.58-2.17
2 4.10 3.48-4.83 3.33 2.79-3.97
>3 11.87 8.98-15.70 7.71 5.67-10.48
Number of combination
hypoglycemic agents’
No medication 2.37 2.07-2.71 2.28 1.96-2.65
1 agent 1.00 - 1.00 -
2 agents 0.99 0.84-1.16 1.08 0.92-1.27
>3 agents 1.38 1.10-1.73 1.45 1.15-1.83
Type of diabetes mellitus
medication
Oral 1.00 - 1.00 -
Insulin injection or pump 2.84 2.08-3.88 2.22 1.59-3.08
Number which took testst
none of tests 1.14 0.92-1.42 1.15 0.92-1.44
1 of 4 tests 1.18 0.96-1.44 1.26 1.02-1.56
more than 2 of 4 tests 1.00 - 1.00 -
Type of outpatient clinic
where most frequently visited
General hospital 2.01 1.79-2.25 1.15 0.92-1.44
Hospital 2.29 1.92-2.74 1.26 1.02-1.56
Primary care provider 1.00 - 1.00 -
Public health center 0.83 0.62-1.11 1.00 0.74-1.36

Note: the result of analysis that measuring continuity of care in patients without diabetic
complications during the first nine months and then indentifying relationship between continuity
of care and hospital admission during the last three months.
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Appendix 8. OR for Hospital Admission(continued)

Unadjusted OR Adjusted OR
Characteristics OR 95% CI OR 95% CI
Medication Prescription
Days
0 days & Severity=0 " 0.76 0.50-1.16 0.88 0.56-1.39
, s & Severity=l or 1.57 1.20-2.05 0.87 0.65-1.17
1~179 2.25 1.95-2.60 1.54 1.31-1.81
180~269 1.41 1.22-1.62 1.37 1.18-1.58
>270 1.00 - 1.00 -
Continuity by ICOC
indext
Good(COC>0.75) 1.00 - 1.00 -
Bad(COC<0.75) 1.73 1.55-1.94 1.48 1.31-1.67

Note: the result of analysis that measuring continuity of care in patients without diabetic
complications during the first nine months and then indentifying relationship between continuity
of care and hospital admission during the last three months.
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The Association between Continuity of Ambulatory Care and
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Diabetes mellitus is a typical chronic disease that can manage effectively throughout
regular monitoring, change of lifestyle, medication therapy and coping with early
detection of complications. However, empirical studies are a few about an association
between continuity of care and health outcomes in our country. The aims of this study
were to identify an association between continuity of care and hospital admission and to
make sure that any continuity index has explanatory power for hospitalization.

This study used 2009 National Patients Sample of Health Insurance Review &
Assessment Services which can be representative sample of country. We analyzed total
1,370,127 patients who were 20 years of age or older and were diagnosed with type 2
diabetes mellitus and excluded patients whose total ambulatory visits was less than 4 to
measure continuity of care. The outcome variable was hospital admission and we defined

as patients who used inpatient medical services one day or more. Continuity of care were
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measured as the UPC(Usual Provider Care) index, the COC(Continuity of Care) index,
the SECON(Sequential Continuity of Care)index and ICOC(Integrated Continuity of
Care) index. We divided into two groups according to hospitalization. And then we
conducted analyses to evaluate the differences using chi-square. And then we performed
analyses to identify relationship between continuity of care and hospitalization using
multivariate logistic regression. Finally, we calculated AUC of continuity indices of 4
that meant discrimination ability of explanation.

When we measured continuity of care as COC index, continuity level of ambulatory
care of subjects was 0.80£0.001. The odds ratio of patients who had bad
continuity(COC<0.75) was 2.44[95% CI: 2.17-2.75] for hospitalization after controlling
all independent variables. We classified continuity level as 5 categories of 1.00, 0.76-0.99,
0.51-0.75, 0.26-0.50, 0.00-0.25. We tested the trend that lower continuity level was higher
the odds ratio for hospitalization. To identify index than could explain for hospitalization,
as a result of calculating AUC, the AUC of UPC, COC, SECON and ICOC was 0.597,
0.598, 0.593 and 0.597 respectively. The AUC of COC was the largest of 4 indices but
there were not great differences among 4 indices.

The result of this study can be an evidence for Chronic Disease Management System
based on primary care that has performed since April 2012 in Korea. We thought that all
of 4 continuity indices can be available for measuring continuity of ambulatory care of
patients with type 2 diabetes mellitus, because there were the differences among 4 indices.
However, we considered that index should be select according to changes of
government’s policy for chronic diseases management, because each index was different

in highlighting perspective.

Key words: continuity of care, UPC, COC, SECON, ICOC, diabetes mellitus
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