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Abstract
This study examined the performance of diabetes care measures in Taiwan and evaluated the influencing factors for

professional accountability. We analyzed the year 2001 claims data from National Health Insurance (NHI) program in Taipei

Branch. Professional accountability for diabetes care was measured by the adherence for laboratory monitor, either from patient-

or hospital-viewpoint. Identifying the major care unit for each patient, a multiple logistic regression model was used to further

assess the mixed effects of patient and hospital characteristics. The percentage of patients ever received measures in the year for

plasma glucose, A1C, urinalysis, renal function test, lipid profile, liver function test, and eye ground was 76.3, 42.7, 40.2, 59.7,

59.2, 53.2, and 16.8% respectively. About 19.2% patients never received any one of the measures. Patients with hypoglycemic,

anti-hypertensive or anti-hyperlipidemic agents, hospitalization, emergency service visit and frequent visits were more likely to

receive exams. Hospitals with different levels, ownerships, locales or qualifications as diabetes care institutions presented

different accountability for diabetes care measures. After regression, counts of visits and levels of hospitals had persistently

effects on all the measures. Our analysis revealed sub-optimal diabetes care in Taiwan and concluded the importance of

enhancing care quality from primary settings.

# 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

With 4% prevalence in total population, diabetic

population is estimated to be over 1,000,000 in Taiwan
* Corresponding author. Tel.: +886 2 23516478x28;

fax: +886 2 23920456.

E-mail address: mslai@episerv.cph.ntu.edu.tw (M.-S. Lai).

0168-8227/$ – see front matter # 2005 Elsevier Ireland Ltd. All rights r

doi:10.1016/j.diabres.2005.06.004
[1]. It was reported that the majority of patients in

Taiwan had unsatisfactory glycemic control and high

prevalence of diabetic complications [2]. As the fourth

leading cause of death, diabetes caused 44.38 deaths

per 100,000 persons and consumed more than 320

million US dollars in the year 2003 [1]. Trying to

improve the quality of diabetic care, Taiwan had

established the practice guideline for diabetic care,
eserved.
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implemented accreditation for diabetes mellitus (DM)

care institutions and set up the shared care networks in

25 counties [3].

The professional accountability, presented by

adequacy of laboratory monitoring for diabetic

patients, was widely accepted as an indicator of

quality assessment for diabetes care in process domain

[4–18]. The accountability for diabetes care in Taiwan

was first evaluated in a regional teaching hospital in

1996 [19]. This report and the following studies

revealed deficit in diabetes care in Taiwan [19–21].

The National Health Insurance (NHI) program

provided nationwide coverage for medical care in

Taiwan since 1995. As of April 2003, there were

21,869,478 individuals enrolled in the NHI with a

coverage rate of 96% [22]. Whether the comprehen-

sive medical insurance in Taiwan had improved the

quality of diabetes care or not is an interesting topic.

Utilizing the NHI claims data, the present study was

designed to evaluate the adherence to diabetes care

measures in Taiwan and to elucidate the determining

factors of professional accountability for diabetes

care.
2. Materials and methods

2.1. Study design and population

This study was approved by the National Taiwan

University Hospital Research Ethics Committee.

The Bureau of NHI included six branches. Among

them, the Taipei Branch enrolled about one-third

population in Taiwan. The year 2001 NHI Taipei

branch claims data, with linkage to National Mortality

database, were kindly supplied by the Office of

Statistics, Department of Health, Executive Yuan. The

identification code for each patient or physician was

masked under the confidentiality consideration. The

database supplied information such as gender and

birth date of the patients, codes of hospitals or clinics,

date of hospital visit, codes of diagnosis, medications,

examinations and managements, etc. Detail informa-

tion about the coding systems and further information

of the hospital characteristics could be obtained from

thewebsites [23,24]. The claims data with diagnosis of

diabetes was recognized when the first three digits

revealed ‘‘250’’ in ICD-9-CM coding system. We had
reported that number of outpatient visits, number of

hospitalizations, age of the patient, and the level of the

hospital were significant independent factors asso-

ciated with diagnosis accuracy [25]. We followed the

predicting model established to assure the accuracy of

diagnosis for diabetes. Claims data of 2259 diabetic

patients were then sampled out randomly. The

demographic and clinical characteristics of the

patients were identified. Sex, age, hypoglycemic

medications (DM drugs), anti-hypertensive medica-

tions (BP drugs), lipid lowering medications (lipid

drugs), frequencies of visiting emergency service (ES)

or being hospitalization (admission), counts of visiting

out patient clinics (OPD), ever received hemodialysis,

retina laser therapy or amputation within the study

year were included as parameters of patient case-mix.

The characteristics of hospitals were considered in

different domains. They were classified into four

levels: academic medical centers (center), metropo-

litan hospitals (regional), local community hospitals

(local) and physician clinics (clinics). The ownerships

of the hospitals or clinics were considered as public or

private. The locales of the hospitals included the

Taipei City (TC), I-Lan County (IL), Keelung City

(KL) and Taipei County (TH). The accreditation for

the DM care institutions was classified as center

(DMC), unit (DMU), team (DMT) or none (DMN).

2.2. Evaluation of the performance of diabetes

care measures

Frequencies of diabetes care measures were

recorded under categories of plasma glucose (glu-

cose), hemoglobin A1C (A1C), renal function test

(RFT), liver function test (LFT), plasma lipid profile

(lipid), urinalysis (urine), urine microalbumin, and eye

ground exam (eye). Blood glucose included fasting

and postprandial glucose checkup. RFT included

serum creatinine and blood urea nitrogen (BUN). LFT

included serum aspartate aminotransferase (AST) and

alanine aminotransferase (ALT). Lipid included total

cholesterol, triglyceride, HDL cholesterol (HDL-C)

and LDL cholesterol (LDL-C). Urinalysis included

urine microalbumin and urine routine. When more

than one laboratory examinations under the same

category were claimed in one OPD or ES visit or

during one hospitalization period, the frequency of the

examinations of that category was counted as once
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only. Adherence to the measure was considered as

positive when the exam was performed at least once

within the year.

2.3. Statistical analysis

Excel 7.0 for Windows and SAS 10.0 for Windows

were used for data management and statistical

analysis. We analyzed the influencing factors of

diabetes care performance in three different ways. The

first part of our analysis was performed from the

patient-centered view. Frequencies of laboratory

monitor in the year for each patient, no matter in

which hospital or clinics, were summed up. The

effects of patient characteristics on the performance of

laboratory measures were evaluated by Chi-square

test. The second part analysis was made from the

hospital-centered view. The adherence of laboratory

monitor for patients in each hospital or clinics was

evaluated with the influencing effects of hospital

characteristics analyzed by Chi-square test. To reduce

the possible confounding oriented from multiple care

unit visits by one patient, we further identified the

major care institution with maximal frequency of

visits for each patient. Only the laboratory exams in

the major care unit for each patient were counted. The

mixed effects of patient and hospital characteristics on

the accountability were then evaluated by stepwise

multiple logistic regression analysis. Patient case-mix

and characteristics of the major care unit were

independent variables. Adherence to the diabetes care

measure was the dependent variable. The magnitude

of the association of each independent variable with

the outcome variable was calculated using odds ratios

(ORs) and 95% confidence intervals (CIs). Only

significant values in the final logistic regression model

were presented. We did not analyze the possible

effects of physician factors such as age or specialty for

it was not recorded in the database. Continuous

variables were presented as mean � standard devia-

tion. A p-value of <0.05 was considered as

statistically significant.
3. Results

The data of 1078 male (47.7%) and 1181 female

(52.3%) diabetic patients of mean age 64.1 � 13.1
years (range: 11–98 years) were included in our

analysis. The mean annual frequency of OPD visit for

each patient was 21.7 � 18.1 (range: 1–176). Seventy-

one patients (38 male and 33 female) died within the

year. The rate of ever admission to hospitals within the

year was 19.9% (male: 22.7%, female: 17.3%). A total

of 469 patients (20.8%) had ever visited emergency

service for their acute medical conditions in that year.

Identified by ICD-9 disease coding, a total of 983

patients (43.5%) were recorded as having retinopathy,

nephropathy or neuropathy. Analyzed by the treatment

coding, we identified 36 patients (1.59%) under regular

hemodialysis, 45 patients (1.99%) under retinal laser

therapy and 12 patients (0.53%) amputated in that year.

The diabetic medications were given to 1651 (73.1%)

patients, with oral hypoglycemic agent (OHA) alone in

1323 patients (58.6%), insulin alone in 82 patients

(3.6%), both OHA and insulin in 246 patients (10.9%).

Antihypertensive agents were given to 26% of the

patients. About 20.4% of the patients received lipid-

lowering medications.

The average annual frequencies of exams for each

patient were calculated as following: glucose

4.7 � 4.8 (0–40), A1C 1.0 � 1.5 (0–11), urinalysis

1.0 � 2.1 (0–40), RFT 1.5 � 2.2 (0–21), lipid

1.4 � 1.7 (0–13), LFT 1.3 � 1.9 (0–20) and eye

ground 0.4 � 1.5 (0–22). The percentages of patients

who ever received examinations within the year (at

least once) were: glucose 76.3%, A1C 42.7%,

urinalysis 40.2%, RFT 59.7%, lipid 59.2%, LFT

53.2%, eye ground 16.8%. There were 433 patients

(19.2%) who never received any one laboratory

monitoring within the year. Urine microalbumin

was checked only in eight patients (0.35%).

In our series, 128 patients had the ICD-9 coding

related to type 1 diabetes (250.x1 or 250.x3). Among

them, 93 patients did not receive insulin therapy. If the

related ICD-9 coding and insulin therapywere accepted

as diagnosis criteria for type 1 diabetes, only 1.5% (35

out of 2259) of our patients would be type 1 patients.

These patients had a mean age of 43.9 � 20.9 years,

average annual counts of visits 25.9 � 15.2 (5–60),

admission rate 37.1% and ES visiting rate 34.3%.

Comparing to other patients, type 1 patients had higher

adherence rates to glucose testing (100% versus

75.9%), HbA1C measure (82.9% versus 42.0%),

urinalysis (68.6% versus 39.8%), RFT (85.7% versus

59.3%), lipid profile (82.9% versus 58.8%), LFT
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(71.4% versus 52.9%) and eye exams (37.1% versus

16.5%). To minimize potential biases, we excluded the

35 patients and performed following statistical analysis

with focus on the remaining 2224 patients.
Table 1

Percentage of patients ever received diabetes care measures, by patient c

Patient number Percentage of patients whoe

Glucose A1C

Gender

Male 1061 81.8§ 46.1z

Female 1163 70.6 38.4

Age

<45 160 69.4y 45.0

45–64 900 73.3 40.4

>65 1164 78.9 42.9

DM drugs

None 608 31.1§ 5.9§

OHA 1323 91.8 53.6

Insulin 66 92.4 54.6

Combine 227 98.7 67.8

BP drugs

No 1646 70.2§ 37.1§

Yes 578 92.4 56.2

Lipid drugs

No 1769 70.6§ 37.3§

Yes 455 96.7 60.4

Admission

No 1788 70.4§ 39.8§

Yes 436 98.9 51.4

ES visit

No 1767 71.1§ 39.6§

Yes 457 94.5 51.6

Counts of visit

<4 292 21.2§ 4.1§

4–8 195 50.3 13.9

�8 1737 88.0 51.6

Hemodialysis

No 2189 75.7 42.3

Yes 35 88.6 28.6

Laser Tx

No 2183 75.6* 41.6y

Yes 41 92.7 63.4

Amputation

No 2212 75.9 41.9

Yes 12 83.3 66.7
* p < 0.05 by Chi-square test.
y p < 0.01 by Chi-square test.
z p < 0.001 by Chi-square test.
§ p < 0.0001 by Chi-square test.
Diabetic patients with DM drugs, BP drugs, lipid

drugs, ES visit, admission, frequent OPD visits had

higher adherence for all the diabetes care measures

(Table 1). Male patients had higher adherence to the
haracteristics

ver received exams

Urine RFT Lipid LFT Eye

42.9y 63.9§ 61.6y 56.7z 15.8

36.9 55.0 56.2 49.4 17.1

35.0z 51.3§ 51.9 48.1y 9.4*

35.3 53.9 58.3 49.0 16.7

43.8 64.5 60.1 56.5 17.4

20.9§ 28.5§ 25.5§ 27.5§ 9.5§

41.0 66.6 69.2 57.9 18.2

59.1 80.3 68.2 74.2 31.8

77.5 93.0 85.0 85.5 20.7

33.8§ 52.1§ 52.1§ 46.8§ 15.0z

56.8 79.8 78.0 70.2 20.9

37.3§ 53.8§ 49.2§ 47.2§ 15.8

49.5 80.7 96.3 75.0 19.1

29.4§ 49.8§ 52.7§ 42.5§ 15.0§

82.1 98.2 83.9 95.6 22.7

32.7§ 51.5§ 54.7§ 44.8§ 15.6*

67.2 89.3 74.8 84.3 19.9

12.7§ 17.1§ 11.6§ 16.8§ 3.1§

24.6 36.9 28.7 31.8 8.7

46.0 68.9 70.1 61.3 19.6

39.5* 58.8z 58.6 52.4§ 16.4

57.1 88.6 74.3 85.7 22.9

39.3y 59.0 58.5 52.7 15.0§

63.4 73.2 73.2 63.4 97.6

39.5y 59.1* 58.6* 52.7y 16.4*

83.3 91.7 91.7 91.7 41.7
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diabetes care measures, except the eye exam, than

female patients. Higher percentage of aged patients

had received glucose, urine, RFT and LFT than

younger patients. Patients under regular hemodialysis,

ever received retina laser therapy or amputation within

the year had higher adherence to some, but not all, of

the measures.

The 2224 patients visited 1323 hospitals or clinics.

In this series, 1644 patients (73.9%) visited more than

one care unit within the year. The average number of

hospital or clinics visited by each patient was

3.1 � 2.1 (maximum 14). For each patient, the

frequency of OPD visit in one particular institution

varied from 1 to 143 (mean 7.0 � 9.2). The

associations of the percentage of patients ever

received diabetes care measures with the hospital

characteristics were summarized as Table 2. Medical

centers had highest adherence for diabetes care

measures, followed by regional hospitals, local

community hospitals and physician clinics. The public

hospitals had better performance in laboratory

monitoring for their diabetic patients than private
Table 2

Percentage of patients ever received diabetes care measures, by hospital

Care unit number Patient number Percentage

Glucose

Levels

Centers 5 1044 65.4§

Regional 22 1238 57.4

Local 60 850 40.2

Clinics 1236 3721 12.1

Ownerships

Public 76 1851 54.5§

Private 1247 5002 23.5

Localesa

TC 505 4088 38.5§

TH 666 2180 19.5

IL 75 322 34.8

KL 77 263 27.4

DM care institutionsb

DMC 7 1008 65.5§

DMU 9 516 55.0

DMT 6 253 62.1

DMN 1301 5076 21.3

The total patient number was counted to be 6853 for one patient could visi
§p < 0.0001, by Chi-square test.

a Locales: TC: Taipei City, IL: I-Lan County, KL: Keelung City, TH:
b DM care institutions accreditation: centers (DMC), units (DMU), tea
hospitals or clinics. Medical institutions located in

Taipei City had highest performance in diabetes care

measures, while those located in Taipei County had

lowest adherence of laboratory monitoring for their

diabetic patients. Significant difference of diabetes

care measures existed between qualified DM care

institutions and non-qualified hospitals or clinics.

Among qualified DM care institutions, hospitals

classified as centers, units or teams did not show

significant difference in hospital accountability in

diabetes care.

A total of 1493 patients (67.1%) visited medical

centers, regional hospitals or local hospitals as their

major care units, while 731 patients (32.9%) received

most of their medical care just from primary physician

clinics. The mixed effects of patient or hospital

characteristics on the professional accountability in

each patient’s major care unit were summarized as

Table 3. The effects of sex and regular hemodialysis

on professional accountability were not significant.

Increasing age slightly decreased performance for A1C

and lipid measures. Patients with DM drugs, BP drugs,
characteristics

of patients whoever received exams

A1C Urine RFT Lipid LFT Eye

39.2§ 36.7§ 53.5§ 46.6§ 46.3§ 13.2§

30.3 28.5 49.1 43.6 43.3 9.2

14.1 18.7 26.8 24.9 23.5 3.3

3.3 4.3 6.3 7.6 5.7 3.5

28.7§ 26.6§ 42.7§ 39.7§ 37.0§ 8.4§

9.9 11.2 16.8 15.7 14.9 5.1

20.3§ 20.3§ 30.7§ 28.4§ 27.2§ 7.2§

5.2 6.9 11.2 11.0 10.2 3.6

12.7 13.4 22.7 19.6 18.0 5.6

16.4 11.4 22.4 20.9 15.2 6.1

40.3§ 35.4§ 52.7§ 46.5§ 45.6§ 13.1§

28.9 29.3 48.1 39.0 40.3 11.6

33.2 30.8 51.0 51.4 49.0 6.7

7.7 9.2 14.2 14.2 12.6 3.9

t more than one hospital or clinic. *p < 0.05, yp < 0.01, zp < 0.001,

Taipei County.

ms (DMT), none (DMN).
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Table 3

Odds ratios (with 95% confidence interval) of significant patient and hospital characteristics for adherence to diabetes care measures in the major care institution by stepwise multiple

logistic regression model

Glucose A1C Urine RFT Lipid LFT Eye

Age (per year) 0.984z

(0.976–0.993)

0.985y

(0.977–0.994)

DM drugs

(yes vs. no)

23.874§

(17.787–32.044)

16.582§

(11.550–23.806)

2.537§

(1.935–3.327)

4.398§

(3.407–5.677)

5.867§

(4.532–7.596)

3.040§

(2.371–3.898)

BP drugs

(yes vs. no)

1.550*

(1.027–2.338)

1.374*

(1.066–1.772)

1.774§

(1.341–2.346)

1.904§

(1.429–2.538)

Lipid drugs

(yes vs. no)

7.128§

(3.952–12.856)

1.611z

(1.236–2.100)

2.759§

(2.046–3.721)

29.495§

(16.619–52.345)

2.660§

(2.032–3.483)

Admission

(yes vs. no)

15.514§

(6.763–35.589)

6.796§

(4.848–9.466)

21.457§

(10.946–42.063)

2.794§

(1.979–3.944)

17.995§

(10.652–30.399)

ES visit

(yes vs. no)

5.541§

(2.657–11.555)

2.421§

(1.706–3.437)

5.363§

(3.098–9.283)

3.556§

(2.302–5.495)

Counts of visit

(per one visit)

1.027z

(1.013–1.042)

1.028§

(1.018–1.039)

1.031§

(1.021–1.041)

1.024§

(1.013–1.035)

1.030§

(1.019–1.041)

1.020§

(1.010–1.029)

1.034§

(1.024�1.044)

Levels (hospitals

vs. clinics)

3.331§

(2.446–4.536)

3.067§

(2.290–4.107)

1.884§

(1.396–2.543)

2.694§

(2.100–3.457)

2.504§

(1.918–3.268)

2.076§

(1.626–2.650)

1.785y

(1.188�2.680)

Ownerships

(public vs. private)

1.787z

(1.319–2.419)

1.350*

(1.074–1.696)

1.441y

(1.149–1.806)

1.436y

(1.136–1.815)

1.320*

(1.063–1.639)

Hospital locales

(non-TH vs. TH)a
1.437*

(1.022–2.022)

2.662§

(1.957–3.622)

2.204§

(1.612–3.014)

1.850§

(1.388–2.466)

2.224§

(1.657–2.985)

1.588y

(1.199–2.102)

DM care institutions

(yes vs. no)b
1.845§

(1.460–2.330)

1.278*

(1.011–1.615)

2.029§

(1.468�2.804)

Patient case-mix and characteristics of the major care unit for individual patient were independent variables. Adherence to the diabetes care measure was the dependent variable.

Statistical significance was evaluated by stepwise multivariate logistic regression. The adjusted ORs (95% CI) of significant factors (patient case-mix or hospital characteristics) on

each outcome variable (adherence to measures) in the final model were shown with *p < 0.05, yp < 0.01, zp < 0.001, §p < 0.0001. Odds ratios without statistical significance were not

shown in the table.
a Hospital locales. TH means Taipei County.
b DM care institutions included DM centers, units and teams.
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lipid drugs, admission and ES visit had higher

adherence for most of the laboratory measures. Public

care units had higher performance in most of the

laboratory measures than private care units. Taipei

County generally had lower adherence for laboratory

monitor than other areas. Care institutions passed

accreditation for DM care had higher performance in

A1C, urine and eye ground checkup than those not

qualified. Over all, the frequency of visits and the

hospital levels remained persistently as significant

indicators for receiving all the laboratory measures.
4. Discussion

The present study used NHI claims data to analyze

hospital accountability for diabetes care. Limits on

presenting clinical details by the ICD-9 coding system

and problems related to financial incentives may lead

to bias in coding and thus result in misclassification of

patients. To minimize possible inaccuracy in sampling

out data, the present study used a predicting model to

assure the accuracy for the DM diagnosis [25]. The

representative and the generalizability of our data

were acceptable for the age distribution, the sex ratio,

the admission rate, the ES visiting rate and the

mortality rate of our 2259 sample patients were similar

to previous reports [2,21,26,27].

Majority of diabets patients in Taiwan are type 2

diabetes [26]. The estimated ratio of type 1 patients

recruited in this series (1.5%) was similar to what

reported previously [2,21]. Type 1 diabetes patients

had more frequent visits and more frequent clinical

tests than type 2 patients. This fact highlights the

importance of considering patient case-mix in

evaluating quality of diabetes care.

Previous literatures did not include adherence to

LFT as an indicator [4–18]. We had demonstrated a

high prevalence of abnormal liver function in diabetes

patients and suggested adding LFT to the practice

guideline for safety medication consideration [19].

LFT is now recommended as one necessary diabetes

care measure in NHI quality-based payment program

[22]. We therefore included adherence to LFT as one

indicator in our analysis.

The Bureau of NHI contracted 17,022 medical

institutions, which was 93.82% of medical institutions

nationwide [22]. With convenient transportation and
no strict regulation in the referral process, people in

Taiwan have free access to medical care. With

minimal co-payment and fee-for-service payment

method, NHI program indirectly provides incentives

for unnecessary healthcare services [28,29]. The

observations of multiple care unit visits (3.1 � 2.1,

maximum 14) and frequent OPD visits (mean

21.7 � 18.1, maximum 176) of our diabetic patients

revealed the convenience of seeking medical care in

Taiwan. The high maximal counts of the exams in the

year, such as 11 for A1C measures, also revealed

frequent laboratory measures in some patients.

However, the adherence to necessary diabetes care

measures was rather inadequate in majority of our

patients. The percentage of patients ever received A1C

or eye exam in Taiwan was 42.7 and 16.8%,

respectively, which was significantly lower than what

reported in USA [4–18]. In our series, only eight

patients in one hospital had ever received urine

microalbumin exam. The extremely low adherence to

urine microalbumin check-up and the finding that

about 19.2% of our diabetic patients never received

any one of the laboratory measures within the year

further suggested the importance of improving

professional accountability in Taiwan.

Patient characteristics such as old age, male in

gender, with DM drugs, with BP or lipid drugs, ever

admitted, ever visited ES, and frequent OPD visits had

significant associations with the performance in most,

or all, of the diabetes care measures while evaluated

from the patient-centered analysis. Those findings

supported our hypothesis that not only demographic

characteristics but also the clinical conditions and co-

morbidities would influence the hospital account-

ability on diabetes care measures. Previous studies had

reported the strong association of insulin use with

HbA1C testing, various effects of different age groups

on the HbA1C and lipid profile measurement, and

higher likelihood of more frequent visits on standard

diabetes care measures [9,10,13]. In our study, the

significance of those influencing effects varied after

adjustment for both the patient and hospital char-

acteristics. Male patients had higher rate of hospita-

lization and higher rate of receiving hypoglycemic

medications. The predominance of male in receiving

laboratory measures disappeared after adjustment for

other clinical and hospital factors. Patients of old age

were initially shown as more likely to receive
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measures for glucose, urine, RFT and LFT than

younger patients. However, the influencing effects of

age on those measures disappeared after adjustment

for clinical and hospital characteristics. Furthermore,

increasing in age inversely decreased the performance

of A1C and lipid measures. After adjustment, the

influencing effects of DM drugs, BP drugs, lipid drugs,

admission and ES visit persisted for most, though not

all, of the diabetes care measures. In terms of

adherence to diabetes care measures, clinical condi-

tions appeared to be more significant determining

factors than demographic factors. Adjusting for other

patient characteristics and hospital factors, frequency

of visits persistently remained as significant determin-

ing factors for adherence to all the diabetes measures.

In research concerning the process of diabetes care,

the importance of adjustment for the frequency of

visits should never be neglected.

Our data clearly revealed the influence of hospital

characteristics on the performance of professional

accountability. With sufficient manpower and

resources, hospitals higher in levels not surprisingly

showed better performance in diabetes care measures.

Comparing to public sectors, the private care units had

lower performance in diabetes care measures. This

discrepancy could partly be explained by variations of

budget control in institutions with different owner-

ships. In our series, private sectors included more

physician clinics and fewer hospitals than public

sectors. This fact could also cause the observed

discrepancy in accountability for diabetes care. The

present study also elucidated different accountability

for diabetes care measures in different locales. The

lowest performance in accountability of Taipei County

could be explained by its delay in establishing diabetes

shared care network and relative poor medical

resources in its wide suburban area. The qualified

DM care institutions were expected to have better

accountability for having well-educated manpower

and with adherence to diabetes care practice guideline

were included as minimal requirement for accredita-

tion. Variations in diabetes management in different

primary care settings of the same hospital or in

different types of care units had been reported [15–

18]. Patients with specific characteristics may choose

and remain with some specific physicians or care units

as their major care providers. Greenfield et al.

concluded that inclusion of patient case-mix variables
reduced the statistical significance of specialty

differences for some quality measures [14]. Our data

revealed significant influencing effects of hospital

characteristics on the diabetes care even after

adjustment for the patient characteristics. In the past,

governmental policy in Taiwan for enhancing quality

of diabetes care usually focused on hospitals higher in

levels, or institutions passed DM care accreditation.

Since physician clinics or non-qualified DM care units

were the major care units for lots of our diabetic

patients, we would like to emphasize the importance

of enhancing quality of diabetes care from the primary

settings.

This study had several limitations. First, even with

diagnosis accuracy predicting model, misclassifica-

tion of patients still might exist. Second, this study was

limited in evaluating quality of diabetes care in

outcome domain. Third, effects of physician factors on

the professional accountability were not accessed.

Fourth, people in Taiwan had some misconceptions

about the illness of diabetes [30]. Influences of socio-

cultural factors on the non-adherence to diabetes care

measures were not analyzed. Fifth, hospital or doctor

shopping is common in some patients. Information

concerning the continuity of diabetes care was not

attainable in detail. We did not include the factors of

continuity of care in our analysis. Sixth, healthcare

resources varied in different geographical areas [31].

Effects of medical resources distribution on diabetes

care were not assessed. Seventh, NHI policy would

influence physician performance and patterns of

healthcare utilization [28,29,32]. The effects of health

system-related factors on diabetes care were not

explored in this study.

The costs of diabetic patients increase rapidly

under NHI program [33,34]. How to improve the

quality of diabetes care cost-effectively is an

important issue. This study evaluated the quality of

diabetes care in Taiwan and demonstrated the effects

of various patient and hospital characteristics on the

accountability for diabetes care. We highlighted the

importance of considering the level of the major care

unit and the frequency of visits for each patient in the

research of accountability for diabetes care. With

nationwide medical insurance, the performance of

diabetes care in Taiwan still is sub-optimal. The

accountability for diabetes care should be further

enhanced, especially from the primary settings.
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