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Abstract

Aims To evaluate the effect of multifaceted interventions using the Achievable Benchmark of Care (ABC) method for

improving the technical quality of diabetes care in primary care settings.

Methods We conducted a 1-year cluster randomized controlled trial in 22 regions divided into an intervention group

(IG) or control group (CG). Physicians in the IG received a monthly report of their care quality, with the top 10% quality

of diabetes care scores for all physicians being the achievable benchmark. The change in quality-of-care scores between

the IG and CG during follow-up was analysed using a generalized linear model considering clustering.

Results A total of 2199 patients were included. Their mean (SD) age was 56.5 � 5.9 years and the mean (SD) HbA1c

level was 56.4 � 13.3 mmol/mol (7.4 � 1.2%). The quality-of-care score in the CG changed from 50.2%-point at

baseline to 51%-point at 12 months, whereas the IG score changed from 49.9%-point to 69.6%-point, with statistically

significant differences between the two groups during follow-up [the effect of intervention was 19.0%-point (95%

confidence interval 16.7%- to 21.3%-point; P < 0.001)].

Conclusions Multifaceted intervention, measuring quality-of-care indicators and providing feedback regarding the

quality of diabetes care to physicians with ABC, was effective for improving the technical quality of care in patients with

Type 2 diabetes in primary care settings. (Trial Registration: umin.ac.jp/ctr as UMIN000002186)

Diabet. Med. 33, 599–608 (2016)

Introduction

The incidence of Type 2 diabetes is increasing rapidly

worldwide [1]. A national survey in Japan from 1997 to

2007 showed that the number of patients with probable

diabetes increased from 6.9 million to 8.9 million, whereas

the number of patients with probable impaired glucose

tolerance increased from 6.8 million to 13.2 million [2].

Practical guidelines for patients with diabetes have been

developed by many organizations and are associated with

better outcomes with regard to blindness, end-stage renal

disease, coronary artery disease, amputations and death

[3,4]. Despite some improvements [5], the quality of diabetes

care has not yet reached the level recommended by the

practical guidelines developed on the basis of state-of-the-art

scientific evidence (‘evidence–practice gap’) [6], although the

gap is gradually decreasing [5,7]. To reduce the ‘evidence–

practice gap’ in diabetes care, effective, evidence-based

interventions should be developed. Improvements in the

quality of diabetes care have previously been reported using

multifaceted interventions in primary care settings [8,9].

Most of these studies, however, were poorly controlled,

small and focused only on glycaemic control [8]; few studies

have focused on the technical quality of care. Donabedian

[10] defined three quality components: technical quality of

care, interpersonal quality of care and amenities. Technical

quality of care is the extent to which the use of healthcare
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services meets predefined standards of acceptable or ade-

quate care relative to the requirement (i.e. the patient

received the recommended care). Interpersonal quality refers

to the interaction between the provider and the patient.

The Achievable Benchmark of Care (ABC) method for

improving healthcare quality, which has been used for

quality control in industry since the 1980s, is being refined

under an Agency for Health Care Policy and Research

initiative [11]. The achievable benchmark is determined on

the performance basis of all members of a peer group and

represents a realistic standard of excellence attained by the

top performers in that group. The ABC method is objective,

readily understandable, easily updated and useful for iden-

tifying areas that require improvements in the various fields

[12–14]. In a cluster randomized controlled trial (RCT) in

primary care settings, the ABC method has been shown to

significantly improve the effect of physician performance

feedback in a multifaceted, quality improvement intervention

[15]. However, the effect of the ABC method in improving

the quality of care has not been extensively studied in the

field of diabetes care.

The objective of this study was to evaluate the effect of

multifaceted interventions using the ABC method to improve

the technical quality of diabetes care using a prospective,

cluster RCT in primary care settings.

Patients and methods

Study design

This study was a 1-year, prospective, cluster randomized,

two-armed intervention study. Details on the participants

and methods have been reported elsewhere (Trial Registra-

tion: umin.ac.jp/ctr as UMIN000002186) [16]. Briefly, 11

district medical associations (DMAs) were divided into two

subregions (clusters) and then randomized to either the

intervention group (IG) or the control group (CG). Each

group acted as a cluster within the DMA. In the IG, patients

received reminders for medical visits to their primary

care physician (PCP) and lifestyle advice by telephone or

face-to-face. In the CG, PCPs provided ordinary medical

treatment to their patients. With a 1-year intervention and

follow-up period, the primary outcome corresponding to the

rate of patient drop-out from regular medical care was

evaluated. In this analysis, we focused on the quality of care,

which is the secondary outcome of the original trial. The

study protocol was approved by the ethics committee of the

Japan Foundation for the Promotion of International Med-

ical Research Cooperation.

DMAs and PCPs

The DMA eligibility criteria were as follows: participation of

~ 20 PCPs; ability to divide PCPs into two groups according to

the geographical locations of their clinics and theDMAbranch

to which they belong, with an anticipated registration of 125

diabetes patients within each DMA group; capability of the

DMA to establish a diabetes treatment network comprising

PCPs, physicians specializing in diabetes and kidney disease,

and ophthalmologists. The eligibility criteria for PCPs were as

follows: membership of a recruited DMA; working as a PCP,

not a board-certified diabetologist; ability to acquire the

consent of 10 or more patients with diabetes and no history of

participation in a study with similar interventions within the

last 5 years. Of the 15 municipal-level DMAs eligible for this

study, 192 PCPs at 11 DMAs met the inclusion criteria and

provided consent to participate in the study. All DMAswere in

urban areas with a median population of 174 462 (range,

34 243–966 493). All PCPs were solo practitioners and non-

diabetologists (mean age � SD, 55.5 � 8.4 years).

Patients

The patient eligibility criteria were as follows: diagnosis of

Type 2 diabetes prior to registration, aged 40–64 years, no

history of haemodialysis, no hospitalization, no bed confine-

ment, not resident in a nursing home, no blindness, no history

of lower limb amputation, no history of diagnosis with a

malignant tumour within the last 5 years, no pregnancy or

potential pregnancy, and care provided by a single medical

doctor in charge of the patient’s diabetes treatment (except in

the event of diabetes complications). There was no inclusion

restriction based on plasma glucose or HbA1c levels. Written

informed consent was obtained from all participants.

Randomization

Each municipal DMA was divided into two subregions

(clusters). To split each DMA, a straight line was drawn on

the map of the municipal areas to which each DMA belonged

and the line adjusted if a PCP clinic was exactly on the line.

The statistician, blind to the identities of the clusters,

randomly allocated 0 (control) or 1 (intervention) codes

generated by statistical software, to 22 clusters stratified by

each DMA.

What’s new?

� The effect of the Achievable Benchmark of Care (ABC)

method in improving the quality of care has not been

extensively studied in the field of diabetes care.

� We evaluated the effect of multifaceted interventions

using the ABC method to improve the technical quality

of diabetes care in a prospective, cluster randomized

controlled trial in primary care settings in Japan.

� This study provided information on the strategies for

improving the technical quality of diabetes care in

primary care settings.
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Data collection

Clinical research coordinators (CRCs) visited the PCP clinics

on a regular basis and collected patients’ anonymous medical

records. In the IG, the CRCs visited each clinic at 1, 4, 7, 10

and 13 months after the beginning of the follow-up term. In

the CG, the CRCs visited each clinic at 1 and 13 months

after the beginning of the follow-up term. Patients in both

groups were asked to complete a self-administered Problem

Areas in Diabetes (PAID) survey questionnaire [17] at

baseline. At baseline and during follow-ups, CRCs visited

the PCP clinics and collected blood pressure and laboratory

data, including HbA1c levels, lipid profiles and urinary

microalbumin levels. In addition, CRCs reviewed medical

charts to determine whether patients received fundoscopic

examination, foot examination or smoking cessation advice

if they were smokers. For data collection, CRCs used pre-

specified care report forms. For the IG, CRCs visited the PCP

clinics every 3 months, whereas in the CG, CRCs visited the

PCP clinics only at baseline and at the end of the study. These

data were used to evaluate the quality of diabetes care.

Outcome measures

For this analysis, we used a quality of diabetes care score

calculated on the outcomes of eight quality indicators. The

clinical information required to evaluate the outcome mea-

sures were gathered from medical charts. The eight clinical

quality indicators were selected from those used in the

Diabetes Quality Improvement Project [18] and were further

revised based upon consideration of updated evidence and

the Japan Diabetes Society clinical practice guidelines using a

modified Delphi method [19]. In a modified Delphi

approach, a panel of experts assesses the appropriateness of

particular clinical decisions in an iterative way. Initially, a

literature study is carried out to critically appraise and

summarize the evidence from clinical studies. Using the

results from this overview and additional comments from the

experts, quality indicators are selected that may be relevant

for the clinical decision under investigation. A panel of

experts is then asked to rate the appropriateness of certain

clinical decisions for each of these indicators. A decision is

called ‘appropriate’ when the expected benefit (e.g. symptom

reduction) exceeds the expected risk (e.g. adverse event). The

extent of appropriateness is expressed using a 9-point scale in

which 9 = extremely appropriate, 1 = extremely inappropri-

ate and 5 = equivocal or uncertain. After the panellists have

individually rated all indications, they meet to discuss the

results. After this discussion, a second individual rating

round takes place, in which all or part of the indications are

rated a second time. Based on the median score and the

extent of agreement for each of the quality indicators, a panel

statement (appropriate, uncertain and inappropriate) is

calculated. We used eight quality indicators that a panel

finally rated as appropriate. The eight clinical indicators are

shown in Table 1. Outcome differences may be due to case

mix, how the data were collected, or quality of care. The

advantages of process indicators are that they are more

sensitive to quality of care differences and are a direct

measure of quality. Thus, we focused mainly on the process

of diabetes care. In addition, we evaluated the effect of

intervention on patient outcomes comprising HbA1c, systolic

and diastolic blood pressure, and BMI.

Intervention

Physicians assigned to the IG were able to use a disease

management system of monitoring and provided feedback on

the quality of diabetes care, which was evaluated in terms of

adherence to the eight clinical indicators. We prepared

feedback sheets for adherence to these eight indicators using

data from the physicians’ self-report forms, as the physicians

monitored and promoted these indicators to improve adher-

ence (Fig. 1). Forms were sent by facsimile to the data centre

every month. PCPs in the IG received a feedback letter every

month that included their quality of diabetes care score and

the benchmarks for each indicator calculated as the average

top 10% of PCP indicators every month as achievable goals.

Other intervention components included reminders for

regular visits and lifestyle modifications. The study group

established a Treatment Support Centre that sent reminders

to the patients for regular medical visits to their PCPs and

provided lifestyle modification interventions aimed to

encourage behavioural changes in terms of diet and exercise.

The PCPs filled out the pre-specified instruction form for

each patient with respect to target body weight, recom-

mended food intake and permission or notandum for

exercise therapy and sent it to the Treatment Support Centre.

The centre then offered the information written in this form

Table 1 Diabetes care quality indicators

No. Quality indicator

1. All patients with diabetes should have a medical check-
up at least every 3 months.

2. For all patients with diabetes, the HbA1c level should be
examined at least every 3 months.

3. For all patients with diabetes, serum lipid levels should
be examined at least every 12 months.

4. For all patients with diabetes, blood pressure should be
checked during each visit to the clinic.

5. For all patients with diabetes, a fundoscopy should be
performed at least every 12 months.

6. For all patients with diabetes, the patient’s feet should be
examined at least every 12 months.

7. For all patients with diabetes without overt proteinuria,
urinary microalbumin levels should be examined at
least every 6 months.

8. For all patients with diabetes who smoke, smoking
cessation should be recommended at least every
12 months.

ª 2015 The Authors.
Diabetic Medicine by John Wiley & Sons Ltd on behalf of Diabetes UK. 601

Research article DIABETICMedicine



to certified diabetes educators, registered dieticians or public

health nurses who participated in the standardized pro-

gramme for behavioural theory on patient education. They

then provided advice by telephone based on this instruction

form. Patients were supposed to receive six sessions of phone

calls on lifestyle advice each lasting ~ 15–30 min. However,

in some DMAs that trained certified diabetes educators and

provided a location for face-to-face advice, four sessions of

face-to-face advice were provided for ~ 30 min each. All

interventions lasted for 1 year.

Statistical analysis

Patient characteristics between the intervention and control

groups were calculated using proportions and means with

standard deviations. Because randomization was at the

cluster level, patient-level characteristics would not be as

likely to balance out as random at the patient level. Covariate

balance was checked using fixed effects linear regression for

continuous confounders (e.g. age) and fixed effects binomial

or multinomial logistic regression for categorical con-

founders (e.g. gender) considering clustering within each

DMA.

First, adherence to the clinical indicators was calculated

for PCPs as the percentage of recommended care processes

received, referred to as the quality-of-care score (%-point);

we used the equation shown in the Appendix and each

indicator had the same weight. To evaluate the effects of

intervention on the change in adherence to quality indicators,

we subtracted the baseline score from the score at the end

of the study to calculate the change in score during the

follow-up. Further, we examined the relationship between

the change in the quality-of-care score and the intervention

using a generalized linear model that considered clustering

within the unit of randomization. We first performed this

analysis for all indicators and then for each indicator.

To next evaluate the effect of modification of patient-level

factors on the effect of intervention for improving the quality

of diabetes care, we used logistic regression analysis with

adherence to each indicator (1 = adherent, 0 = non-adher-

ent) as an outcome.

For patient’s outcomes, we calculated the difference of

each outcome subtracting the value at baseline from that at

12 months and used linear regression analysis considering

clustering within each DMA adjusted for baseline value. All

analyses were performed using Stata/SE 12.1 (Stata Corp.,

College Station, TX, USA) and P < 0.05 was considered

statistically significant for all analyses.

Results

Figure 2 shows the flow of study clusters and the patients

eligible for this trial. Of the 15 DMAs screened, 11 (22

clusters) were eligible for this trial and randomized into

intervention and control groups stratified by each DMA

(Fig. 3). A total of 1091 patients in the IG and 1387 patients

in the CG were assessed for eligibility. Of these patients, 971

patients were enrolled in the IG and 1265 in the CG. All 22

For all diabetic patients without overt proteinuria, the urinary 
microalbumin level should be examined at least every 6 months
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FIGURE 1 An example of the feedback sheet used to evaluate the quality-of-care score for the participating physicians. This sheet shows the quality-

of-care score for indicator 7 (urinary microalbumin testing). The bar graph indicates the quality-of-care score at the clinic where this sheet was sent,

and the line graph indicates the achievable benchmark for this indicator representing the monthly average top 10% score for the participating

physicians, regarded as achievable goals.
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clusters were followed until the end of the trial. For the final

analysis, 954 patients were enrolled in the IG and 1245

patients in the CG after excluding patients who proved to be

ineligible or who declined to participate at a later stage. The

patients’ baseline characteristics are shown in Table 2.

The mean age was 56.5 � 5.9 years and 37.5% were

women. The mean HbA1c level was 56.4 � 13.3 mmol/mol

(7.4 � 1.2%). There was no statistical difference in baseline

characteristics other than the type of diabetes therapy

between the IG and the CG; patients in the IG were more

likely to receive diabetes medication (P = 0.049).

The effect of intervention on the quality-of-care score for

PCPs is shown in Table 3. Overall, the quality-of-care score

for all participants was 50.1%-point [95% confidence

interval (CI) 48.7%- to 51.5%-point] at baseline. The score

did not significantly improve in the CG from 50.2%-point

(95% CI 48.2%- to 52.3%-point) at baseline to 51.0%-point

(95% CI 38.3%- to 71.4%-point) at 12 months. However,

in the IG it did improve from 49.9%-point (95% CI 48.2%-

to 51.7%-point) at baseline to 69.6%-point (95% CI 49.5%-

to 95.2%-point) at 12 months. We observed statistically

significant changes in the score during follow-ups between

the two groups and the mean effect of intervention was

19.0%-point (95% CI 16.7%- to 21.3%-point; P < 0.001).

Next, we observed the effect of intervention on the quality-

of-care score for each indicator. The quality-of-care scores at

baseline for indicators 1, 2 and 3 were very high at 92.4%-

point (95% CI 65.0%- to 100%-point), 82.1% (95% CI

40.0%- to 100%-point) and 85.4%-point (95% CI 45.5%-

to 100%-point) respectively. The score for indicator 4 was

moderate at 67.0%-point (95% CI 22.2%- to 100%-point),

whereas scores for indicators 5–8 were very low from 6.1%-

to 16.4%-point. We observed statistically significant differ-

ences between the two intervention groups in terms of a

change in the quality-of-care scores for indicators 2, 4, 5, 6, 7

and 8 during follow-ups. The effect of intervention on

Enrolled
22 clusters at 11 Districts
192 primary care physicians

Excluded pa ents
Did not meet 
inclusion criteria

122 Pa nts

Randomized 
Districts

Allocated to interven on group
11 clusters

Assessed for eligibility of pa nts
1091 pa nts

Allocated to control group
11 clusters

Assessed for eligibility of pa nts
1387 pa nts

Pa nts excluded from the 
analysis

5 ineligible pa nt 
incorrectly enrolled

12 declined to pate

Pa nts excluded from the 
analysis

15 ineligible pa nt 
incorrectly enrolled

5 declined to pate

Analyzed
11 clusters
954 Pa nts

Analyzed
11 clusters
1245 Pa nts

Enrolled to interven  group
971 Pa nts

Enrolled to control group
1265 Pa nts

Excluded pa ents
Did not meet 
inclusion criteria

120 Pa nts

FIGURE 2 CONSORT flow chart illustrating the recruitment of patients for the present randomized controlled trial.
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patient outcomes is shown in Table 4. We observed

statistically significant change in HbA1c by �1.49 mmol/

mol (95%CI �2.76 to �0.21 mmol/mol), and BMI by �0.21

kg/m2 (95%CI �0.33 to �0.98).

Discussion

This large-scale, cluster randomized controlled study has

shown that multifaceted interventions measured by quality-

Gamou DMA, 
Oumihachiman City,
Shiga Prefecture

Yodogawa DMA,
Osaka City,
Osaka Prefecture

Tokushima DMA, 
Tokushima Prefecture

Kokura DMA,
Kitakyusyu City,
Fukuoka Prefecture

Naha DMA, 
Okinawa Prefecture

Itabashi DMA, 
Tokyo Prefecture

Iida DMA,
Nagano Prefecture

Shimotsugagun DMA, 
Tochigi Prefecture

Motosu DMA, 
Gifu Prefecture

Chiba DMA, Chiba 
Prefecture

Takaoka DMA, 
Toyama Prefecture

FIGURE 3 Geographical presentation of the 11 district medical associations (DMAs). Map of Japan describing the participating DMAs (). Solid

lines on the map indicate prefecture borders.

Table 2 Baseline characteristics of participants according to the assigned intervention*

All Control Intervention
Participants n = 2199 n = 1245 n = 954 P
Primary care clinics n = 192 n = 99 n = 93

Age, years 56.5 (5.9) 56.5 (5.9) 56.5 (5.9) 0.961
Female, % 37.5 36.2 39.1 0.102
BMI, kg/m2 26.0 (4.2) 26.0 (4.1) 25.9 (4.3) 0.525
HbA1c

IFCC, mmol/mol 56.4 (13.3) 56.0 (13.0) 56.9 (13.7)
NGSP, % 7.4 (1.2) 7.3 (1.2) 7.4 (1.3) 0.304

Diabetes therapy, % 0.048
No medication 10.6 12.0 8.9
Oral hypoglycaemic agent only 81.2 80.1 82.6
Insulin 8.2 7.9 8.5

PAID 36.0 (13.1) 36.5 (13.4) 35.2 (12.7) 0.134

*Data are presented as mean (SD).
IFCC, International Federation of Clinical Chemistry; NGSP, National Glycohemoglobin Standardization Program; PAID, Problem Areas in
Diabetes scale score.
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of-care indicators and feedback regarding the quality of

diabetes care with ABC to physicians were effective in

improving the technical quality of care for patients with

Type 2 diabetes in primary care settings.

To our knowledge, this is the first large-scale, cluster

randomized study conducted in Japan to evaluate the effects

of multifaceted interventions to improve the technical quality

of diabetes care. Our study has several strengths. First, this is

a multi-institutional study in which PCPs from different areas

of Japan participated; therefore, our results can be applied to

actual clinical settings in Japan. Second, this was a large-

scale, well-designed study that adapted a cluster randomized

design. The unit of randomization is a key issue in trial

design to evaluate quality improvement interventions. In

addition, contamination, which occurs because physicians or

patients within distinct areas share information regarding the

intervention or because clinics do not adhere to their

assigned intervention if the unit of randomization, a physi-

cian or a patient, introduces bias [20]. The J-DOIT 2 is one

of three research strategies supported by a national fund of

¥4 billion from the Ministry of Health, Labour and Welfare

(MHLW) in Japan to fight Type 2 diabetes and obesity [21].

Although cluster randomized trials are more difficult to

design compared with individually randomized trials for

several reasons [20], Japanese government initiatives permit-

ted us to conduct this complex, well-designed, randomized

controlled trial.

Among all indicators, our intervention was not effective

in improving the quality-of-care score as assessed at the 3-

month follow-ups (indicator 1). Given that the baseline

quality-of-care score for this indicator was very high at

92.4%-point, it should be further improved for adherence

to this indicator. Similarly, our intervention was not

statistically significant in terms of improving the quality-

of-care score for annual lipid testing (indicator 3). The

adherence to renal screening at baseline was very low

(6.1%-point) probably because the health insurance system

in Japan only permits urine albumin testing every 4 months.

Similarly, the quality-of-care score for foot examination

was very low compared with that reported in a meta-

analysis (median of included studies, 47%-point) [22]. In

Japan, the mean consultation time for patient visits is only

6.16 min [23], therefore, physicians do not have enough

time to examine patients’ feet. Despite this difficult situa-

tion for physicians in Japan, our intervention improved the

quality-of-care score for the above indicators with very low

adherence.

Our study has shown that our multifaceted intervention

was significantly effective in promoting smoking cessation in

patients with diabetes. Studies of diabetes patients have

consistently demonstrated that smokers have an increased

risk of cardiovascular disease, premature death and an

increased rate of microvascular diabetic complications.

Therefore, promotion of smoking cessation is a key

component for diabetes care [24]. However, in a publishedT
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meta-analysis that evaluated the effect of quality improve-

ment strategies for diabetes care, the pooled effect of the

intervention to promote smoking cessation was not statisti-

cally significant [22]. We suggest several reasons for our

success in promoting smoking cessation in patients with

diabetes. First, our intervention included the ABC method,

which may promote competition among physicians and

change their behaviour in terms of providing smoking

cessation advice resulting in the increased rate of smoking

cessation in the IG. Second, it was suggested in a meta-

analysis that the quality improvement intervention was more

effective if the study enrolled patients who did not achieve

diabetes-relevant quality indicators [22]. The smoking rate in

Japan is very high (~ 44%) and needs to be decreased; this

situation may promote our intervention.

It could be argued that the frequency of measuring quality

indicators might have influenced the quality-of-care score; in

the IG, CRCs visited the PCP clinics every 3 months, whereas

in the CG, CRCs visited the PCP clinics only at baseline and

at the end of the study. There is no evidence that a high

measuring frequency is associated with better quality of care;

individuals improve their behaviour in response to their

awareness of being observed, a phenomenon known as the

Hawthorne effect [25].

Over the past decade, the quality of diabetes care in the

United States has improved [5]. This might be related to the

use of quality-of-care measures such as comparing provider

performance or the use of performance incentives [26]. In

other areas in the world founded on the presumption that

guideline-based care will generate savings by reducing

demands on costly hospital-based services over the long-

term incentive programmes aimed at improving diabetes

outcomes are increasing in popularity [27]. The concept of

measuring the effectiveness among diabetes care providers is

not new. The United Kingdom (UK) is the most ambitious

example of pay-for-performance in diabetes care. In connec-

tion with an initiative to improve chronic disease care and

outcomes, the UK government introduced a pay-for-perfor-

mance model called the Quality Outcomes Framework

(QOF) as part of the general practitioner contract in 2004.

The evidence suggests that in the UK, incentive models have

spurred some improvements in process outcomes [28,29].

However, these improvements do not appear to have been

uniform across all patients groups [30]. In 1999, Australia

introduced financial incentives to PCPs related to the quality

of care for patients with chronic diseases in the form of the

Practice Incentive Programme [31]. Under the Practice

Incentive Programme, PCPs can elect to participate in a

blended payment model, which includes additional incen-

tives for each patient who completes a cycle of care,

including diabetes mellitus. In 2001, Taiwan introduced a

voluntary incentive programme (DM-P4P) for diabetes care.

The Taiwan National Health Insurance design initially

involved care management fees provided to physicians for

achieving process-based outcomes [32]. In Canada, several

provinces have introduced incentive programmes in the form

of enhanced billing or condition-based payments. Physicians

can receive additional payments for each patient with

diabetes who is managed in accordance with practice

guidelines [33].

This carefully designed, large-scale, randomized controlled

study has several limitations. Because our study was con-

ducted in Japan, which has adopted a public health insurance

system for the entire nation, our results may not be

applicable to countries with different organizational or

insurance systems. Moreover, the contribution of individual

components of our intervention was not evaluated, but this

weakness is present in the evaluation of all multifaceted

interventions.

In conclusion, multifaceted interventions, by measuring

quality-of-care indicators and providing feedback to physi-

cians regarding the quality of care with ABC were effective in

improving the technical quality of care in patients with

Type 2 diabetes in primary care settings, thereby offering

promising strategies for improving technical quality of care

in primary care settings.
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Appendix

Yi ¼
P8

j¼1 XdijP8
j¼1 Xnij

 !
� 100

Yi: quality-of-care score.

i: identification number of participant.

j: identification number of the eight quality indicators,

j = 1, 2, . . ., 8.

Xdij: Xdij = 1 if the physician adhered to the jth indicator

for participant I; Xdij = 0 if the physician did not adhere to

the jth indicator for participant i.

Xnij: Xnij = 1 if the jth indicator was applicable to

participant i; Xnij = 0 if the jth indicator was not applicable

to participant i.
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