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ABSTRACT

This was a retrospective, longitudinal cohort study of a regional hospital’s
electronic databases for four consecutive years (2008-2011). The objective was to
determine morbidity burden, resource use, and quality of care for patients with
diabetes, using the Adjusted Clinical Group (ACG) methodology. Electronic data on
demographics, clinical conditions, resource utilization, and pharmacies were analyzed.

A total of 5,535 diabetic patients who made at least one diabetes- related
visit per year between 2008 and 2011 were recruited. Two-thirds were females and
there was an average of 8.5 outpatient visits per person per year. One-fifth (21-23%,
depending on year) of patients had at least one emergency visit, and one-sixth (14-
18%, depending on year) had at least one hospitalization each year. More than half of
the patients were categorized in the Resource Utilization Band (RUB) 3 or moderate
morbidity group, but with an upward trend for the higher morbidity groups, RUB 4
and 5.

For pharmacy data, the average number of unique Medication-Defined
Morbidity Groups (Rx-MGs) was 6.6. The top three most assigned Rx-MGs were
Endocrine (diabetes without insulin), Cardiovascular (high blood pressure), and
Cardiovascular (hyperlipidemia). Medication accounted for three quarters of total
expenditures with an average of 18,700 baht (SD 30,224) per person per year in 2008,
but with a downward trend during 2009 and 2011.

For process measures of diabetes management, more patients were
monitored in each subsequent year with HbAlc but with less favorable results; 42%
reached target HbAlc (< 7%) in 2008, but only 38% in 2011. More patients in each
subsequent year were monitored that had lipid profiles with higher favorable results;
76% to 82% of diabetic patients were tested depending on year, with 61% to 72 %
reaching the target of < 100 mg/dl. For renal function assessment, only 19-35% of
diabetic patients had an annual protein urine test.

This study demonstrated the feasibility of using the ACG system to
determine morbidities in patients with diabetes and monitor their healthcare
utilizations in comparison with outcomes.

KEY WORDS: ADJUSTED CLINICAL GROUP / DIABETIC PATIENT /
MORBIDITY BURDEN / QUALITY OF CARE / RESOURCE USE

142 pages




Fac. of Grad. Studies, Mahidol Univ. Thesis /v

mdszand1dszuungulsaswdsumadiniiedssidiu mszlsa msldninernsmaguam waznanm
voam35ny1 Tunquithowmauveslsanenunannssusy Wy lan

USE OF THE ADJUSTED CLINICAL GROUP TO DETERMINE MORBIDITY BURDEN, HEALTHCARE
RESOURCE USE, AND QUALITY OF CARE IN DIABETIC PATIENTS AT BUDDHACHINARAJ

HOSPITAL, PHITSANULOK
Famud wisanglasio 5336309 PYPAM
.4, (VTSN THND)

AmgnsIuMINUTn INetinus: masian wadesygu, PhD., iad35a 0gind, Ph.D.,

aanyal Warsenil, Ph.D.

unAnge
= < o S 9 v o 9/ ad S 4 =
msfnmildumsinudoyadoundwningiudeyasianInstindveslsanennagqud  Taodl
o s A a Y o o A
Sagszasamiedsziiu mszlsa msldmimensmequam  uazqunmvesmssne  lungudile
a a 1 ) 9 J o 1
MUYRI TTINENaNNETUS I Nuey Tan 529981 4 T (2551-2554) Tagldwerlsvesszuumsiangu
TsasmalSusnaidnuesnminndoreuriseuiud iz idoya
=< 1 A Y 9 =< Y o a ~ 9 1
pamsanu o BThewvudinlumsdne 5,535 au hsuusmsiuwundihe
1 S a [ I a @ a 91 A u’: 1 1A
wonluriwna 4 Yaadenu aodlumuiumange suusmsluumundgiheuenmde 8.5 aswrenuasil
2 v Yy o a a oy S 1A = 9y Y o
witsludwesdihesuusmsTuumunyniduediados 1 aseaell sazwildlunnvesdihedisumssom
9 1 9 M & =& 9 o ' ' ' 1o
spugihelusdiados 1 asvaeil mnnheswitwedihegnineglungunguaiss Tsnthunars uasou
9 1
Athelunguais: Tsaguazgunninul Iugainlugaa 4 3 deyans e dilelinundovesiwaungu
omwszuUngu15AIIN 6.6 nquasauasll Tag 3 nquennins I9gegane nguaow livewnmnudeluls
dugau nquvasadeaiilianudnlainge uazngurasadeanalelvinludongs dadiumldee
a o { ' o , \ W o g o
amunaaduawludvesmldnenmuanaivun Wuaaas Tuge 4 Idiheswaunniuldsumase
Y i v
szavihmaazay (Sovaz 74 Tuil 2551- Sovaz 80 uil 2554) uawamansivn ldmmithninedias Govaz
4
42 Nl 2551- $eoaz 38 il 2554) Aihedwnunniuldsumsasieszavuludiu LoL (Feesaz 76 il
4
2551- Sovaz 82 Tuil 2554) nazwamsaidn ldammthmuegeiu Gesaz 61 il 2551- Jovaz 72 il
2554) dwmsumsasremsmauvesla Tdiheiiedesas 19 Tl 2551- Sovaz 35 Tudl 2554 N1d5uMs
a329 luTasdayiiuluilaaiz
9 A [ 1 1 1 1 aa o Iq 9
msdanguitheuen  vesszuudanguTsasawdsumadainaunsoiumlszgndldlums

A A a o Yy o Y
ﬂi&’muﬂ'ﬁgiiﬂ Gluﬂ’quggﬂammmm mnﬁmmwwmﬂﬂmiwmﬂﬁnnqmmw LAZAUNTNVDINITINY

142 i




Vi

CONTENTS

Page
ACKNOWLEDGMENTS ii
ABSTRACT (ENGLISH) iv
ABSTRACT (THAI) Vv
LIST OF TABLES viii
LIST OF FIGURES Xi
LIST OF ABBREVIATIONS Xii
CHAPTER | INTRODUCTION
Background and Rationale 1
Research Question 4
Obijective 4
Specific objectives 4
Expected outcomes 4
Definition of Terms 5
Conceptual framework 6
CHAPTER Il LITERATURE REVIEW
Part I: Diabetes Mellitus 7
Part I1: Adjusted Clinical Group system (ACGs) (40) 17
Part I11: International applications of ACG system 41
CHAPTER Il METHODOLOGY
Research design 52
Study location 52
Study period 52
Study population 52
Data source 53

Study procedure and data collection 53



CONTENTS (cont.)

Data analysis
CHAPTER IV RESULTS
Part | Patient characteristics
Part Il Morbidity patterns of diabetic patients by ACG
® software
Part 11l Determination of resource utilization and healthcare
expenditure
Part IV Performance measures in diabetes management
CHAPTER V DISCUSSIONS
5.1 Characteristics of diabetic patient
5.2 Morbidity pattern of diabetic patient
5.3 Determination of resource utilization and healthcare
expenditure
5.4 Performance measures in diabetes management
CHAPTER VI CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Recommendations
REFERENCES
APPENDICES
BIOGRAPHY

Vii

Page
95

60
62

85

93

96
97
98

101

104
106
107
115
142



Table
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13

2.14
2.15
3.1
4.1
4.2

4.3
4.4
4.5

LIST OF TABLES

Glycemic recommendations for nonpregnant adults with diabetes
Commonly Used Performance Measures in Diabetes Management
The 32 ADGs and exemplary diagnosis codes

Major ADGs for adult and pediatric populations

The Collapsed ADG clusters and the ADGs that they comprise

The MACs and the Collapsed ADGs

The Final ACG Categories and RUBs

Diabetes ICD-10 codes and their respective ADGs

Patient 1: Low cost patient with diabetes

Patient 2: High cost patient with diabetes

Patient 3: Very high cost patient with diabetes

The complete classification of metformin illustrates the structure of
the code

Examples of Rx-MG morbidity taxonomy and clinical characteristics
of medications assigned to each Rx-MG

Exemplary Modifications and Therapeutic Classes for Each Rx-MG
Summary of literatures relevant on the applications of ACGs
Patient list analysis report layout

Characteristics of 5,535 diabetic patients at Buddhachinaraj Hospital
Morbidity patterns by ADG of diabetic patients at Buddhachinaraj
Hospital

Number of ADGs per patient per year

Number of major ADGs per patient per year

Morbidity patterns by ACG of diabetic patients at Buddhachinaraj
Hospital

viii

Page
10
16
20
22
23
26
27
31
32
33
33
37

40

41
47
57
61
63

65
66
68



Table

4.6

4.7

4.8

4.9

4.10

411

412
4.13

4.14

4.15

4.16

4.17

4.18

4.19

LIST OF TABLES(cont.)

Most frequent ACGs with outpatient visit and expenditure from 2008
to 2011

Most frequent ACGs with hospitalization and hospitalization
expenditure from 2008 to 2011

The distributions in RUBs of diabetic patients across 4 years
Frequency of Rx-MGs by study sample

Number of Rx-MGs per patient per year from 2008 to 2011

Most frequent ACGs with number of Rx-MGs and drug expenditure
from 2008 to 2011

Utilization and expenditure per patient per year from 2008 to 2011
Utilization and expenditure for outpatient service stratified by health
insurance scheme

Utilization and expenditure for inpatient service stratified by health
insurance schemes

The distribution of diabetic patients in top ten ACGs stratified

by health insurance schemes
The distribution of diabetic patients in RUBSs stratified by

health insurance schemes

The number of unique Rx-MGs in diabetic patients stratified by
health insurance schemes

The distribution of number of unique Rx-MGs in diabetic patients
in top ten ACGs stratified by health benefit schemes

Performance measures (Indicator) in diabetes management

Page

73

74

76

77

82

83

85
86

87

89

90

91

92

93



LIST OF TABLES(cont.)

Table Page
4.20  Performance measures (Indicator) in diabetes management stratified 94

by health insurance scheme

4.21  Medication use in diabetic patient with hypertention/hyperlipidemia 95

stratified by health insurance scheme



Xi

LIST OF FIGURES

Figure Page
1.1 Conceptual Framework 6
2.1 ACG Assignment 18
2.2 Two examples, where both patients have diabetes, of allotting a 35
patient to an Adjusted Clinical Group (ACG)
4.1 The Adjusted Diagnosis Groups (ADGS) distribution across 4 years 62
4.2 ACGs distribution from 2008 to 2011 71
4.3 The distributions of ACGs in diabetic patients during the period 72

2008- 2011, excluding ACGs comprising < 1% of the total patients

4.4 The most frequent Rx-MGs, and four-year distributions in diabetic 81
patients from 2008 to 2011

4.5 The average number of unique Rx-MGs among top ten ACGs from 84
2008 to 2011



(A-Z)

ACEI
ACG
ADA
ADG
ARB
ATC
CADG
CHEM
CSMBS
DSME
EASD
FPG
GDM
GDP
ICD
IDF
IFG
MAC
MNT
NHES
RUB
Rx-MG
SMBG
SSS
uc

LIST OF ABBREVIATIONS

Angiotensin converting enzyme inhibitor
Adjusted Clinical Group

American Diabetes Association
Aggregated Diagnosis Groups
Angiotensin receptor blocker
Anatomical Therapeutic Chemical classification
Collapsed Aggregated Diagnosis Group
Centre for Health Equity Monitoring
Civil Servant Medical Benefit Scheme
Diabetes self management education
European Association for the Study of Diabetes
Fasting plasma glucose

Gestational diabetes mellitus

Gross domestic product

International Classification of Diseases
International Diabetes Federation
Impaired fasting glucose

Major ambulatory Category

Medical nutrition therapy

National Health Examination Survey
Resource Utilization Band

Rx-Defined Morbidity Group

Self- monitoring of blood glucose

Social Security Scheme

Universal Coverage Scheme

xii



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 1

CHAPTER |
INTRODUCTION

Background and Rationale

Diabetes has become a major global public health burden. It has been
estimated that the number of people with diabetes worldwide was 285 million in 2010
and will increase to 439 million in 2030, with the majority of increase (69%) occurring
in developing countries (1). The estimated number of individuals with diabetes in Asia
was 113 million in 2010 and will increase to 180 million in 2030 (2). In Thailand,
diabetes is one of the important public health concerns which has been a major cause
of morbidity and mortality in the past decade (3). Diabetes alone is responsible for 3.3
and 8.3% of total deaths in Thai men and women, respectively (3). In 2009, the
National Health Examination Survey (NHES) IV reported a prevalence of 10.6 and
7.5% for impaired fasting glucose (IFG) and diabetes, respectively. Of all diabetes
diagnoses, 35.4% were not previously diagnosed, and the proportion was higher in
men than in women (47.3 vs. 23.4%, P = 0.05) (4). The hospitalization rate for
diabetes in Thailand had shown a rising trend over the years, from 33.3 per 100,000
population in 1985 to 91.0 in 1994 to 380.7 in 2003 and 586.8 in 2006 (5). Hence,
Thailand is inevitably moving towards the burden of such a public health problem.

People with diabetes are prone to consequences in both short-term and
long-term complications. The chronic nature of diabetes and its devastating
complications make it a very costly disease. People with diabetes have more outpatient
visits, use more medications, have a higher probability of being hospitalized, and are
more likely to require emergency and long-term care than people without the disease.
In the United States, people with diabetes, on average, spent 2.5 times more on
medical care than people without the condition (6). The global health expenditure on
diabetes was expected to be at least US$ 376 billion in 2010 and US$ 490 billion in
2030 (7). Globally, 12% of the health expenditures and US$ 1330 per person were
anticipated to be spent on diabetes in 2010 (7). In Thailand, 11% of the health
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expenditures and US$ 114 per person were estimated to be spent on diabetes in 2010
M.

In Thailand, there have been few studies estimating the cost of diabetes.
Based on the study determining the costs of patients with diabetes in seven Thai
government hospitals located in four regions of Thailand and Bangkok, the annual
average direct medical cost per diabetic patient was 6017 baht (US$ 200), which was
significantly higher than those without diabetes (8). In addition, the annual average
total health-care cost per diabetic patient was 13,751 baht (US$ 458) (i.e., direct
medical and nonmedical cost [82.26%] and indirect cost [17.74%]) (9). The average
direct medical cost per outpatient visit was about 1206 baht (US$ 40) per diabetic
patient (10). Furthermore, the recent study estimated the cost of illness of diabetes
from societal perspective, reported the average cost of illness per diabetic patient was
US$ 881 in 2008 (e.g., direct medical 23%, direct non-medical cost 40% and indirect
cost 37%) which was 21% of per capita gross domestic product (GDP) of Thailand
(12).

Several studies performed in Thailand have investigated the impact of
factors such as demographic characteristics, complications, co-morbidities, healthcare
utilization, and payment methods on healthcare costs or hospitalizations (9, 12, 13).
Knowledge of these factors may help healthcare providers in managing costs and
reducing morbidity, which requires targeting appropriate services and training to “at-
risk” patients to maximize use of limited resources. In order to better design
interventions and allocate health care resources, it is important for healthcare providers
to fully understand the needs and illness burden of their target populations. Methods to
quantify the burden of morbidity in populations and the resulting need for healthcare
services have important applications in the management and financing of health
systems. One key to the successful implementation of this approach is the
categorization of morbidity burden in a standardized manner using case-mix

adjustment system (14).

The development of diagnosis-based casemix adjustment systems has been
published that use administrative data to examine morbidity and utilization of health

care. One of the most widely validated diagnosis-based casemix adjustment systems is
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the Adjusted Clinical Groups (ACGs). In the 1990s, the Johns Hopkins adjusted
clinical groups (ACGs) casemix system was developed using medical diagnosis codes
from administrative data to directly quantify the overall requirement for resources
based on diagnoses for individuals (15, 16). The ACG system takes into account a
person’s mix of diseases that stretches across visits, facilities and providers over a
defined time period, typically 1 year. Each ACG category is used as an estimate for a
group of patients with the same constellation of morbidities, thereby indicating the
need for care of each category of patient. The validity and reliability of the ACG
system has been widely evaluated in the United States (15-17), Canada (18, 19),
Sweden (20-22), Spain (23, 24) and Taiwan (25-27). This system has been applied to
capitation rate adjustment, performance profiling, prediction of resource utilization,
and health services research. Recently, the explanatory ability of the ACG system has
been further enhanced by adding sophisticated statistical components such as ACG-
predictive modeling (ACG-PM) and incorporating Rx-Defined Morbidity Groups (Rx-
MG) which include medication therapeutic classes into predictive models (24, 28). In
addition, Research studies in Thailand have tested whether ACG systems that rely on
administrative data are feasible and useful for identifying case-mix patient subgroups
(29), and measuring morbidity illness in the population (30, 31).

Several previous studies in Thailand have already demonstrated that ACG
can be used to measure morbidity in the population and its application for resources
allocation to providers of health services in Thai context. However, these studies
included only diagnosis information, age and gender for incorporating into ACG
system. With drug information available, it will be interesting to evaluate how a
pharmacy-based risk adjustment model or ACG system’s Rx-MG, works in evaluating
drug utilization pattern of patients with chronic diseases. In addition, the ACG system
is a standardized casemix method to categorize co-morbidity in a study of resource
utilization of patients with chronic conditions and could be used to determine the
morbidity profile of patient populations to more fairly assess provider performance.
Therefore, the ACG system should be used to explain the morbidity profile and other
related variables among patient with chronic disease such as diabetes.
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Research Question

How can ‘ACG’ be used for evaluating the morbidity burden and Profiling

quality of care in patients with diabetes over four consecutive years?

Objective

To examine morbidity burden, healthcare utilization, drug utilization
pattern and quality of care among patients with diabetes over four consecutive years
(2008 to 2011) by using ACG ® software.

Specific objectives

1. To evaluate the change of morbidity burden, healthcare resourceuse and
drug utilization pattern of diabetic patients from fiscal year 2008 to 2011 (over a 4-
year period).

2. To assess the quality of diabetic care based on process and outcome

measures.

Expected outcomes

ACG can be used to assess quality of diabetic care, identify patients with
high morbidity burden and medical costs, and enable care providers to select patients
for case management and triage into specific care programs. The expected results of
this study will demonstrate the data that essential for hospital administrators and
healthcare provider to improve patient management and could be applied to predict

future healthcare utilization as well as allocate resources for healthcare.
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Definition of Terms

Co-morbidity (32)
Presence of additional diseases in relation to an index disease in one

individual.

Morbidity burden (32)
Overall impact of the different diseases in an individual taking into

account their severity.

The Johns Hopkins ACG Case-Mix System (the ACG System)
A statistically valid, diagnosis-based, case-mix methodology that allows
healthcare providers, health plans, and public-sector agencies to describe or predict a

population’s past or future healthcare utilization and costs.

ATC (Anatomical Therapeutic Chemical classification) System
The digit code system of drugs according to the organ or system on which

they act with therapeutic, pharmaceutical and chemical properties.
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CHAPTER I
LITERATURE REVIEW

Three parts for literature review are presented. Part | is about Diabetes
Mellitus. Part 11 is the overview of Adjusted Clinical Group or ACG system. The last
part is the applications of ACG system.

Part I: Diabetes Mellitus

1. Clinical aspects of Diabetes Mellitus (33)

Definition and classification of diabetes

Diabetes is a syndrome that is caused by a relative or an absolute lack of
insulin. Clinically, it is characterized by symptomatic glucose intolerance as well as
alterations in lipid and protein metabolism. These metabolic abnormalities,
particularly hyperglycemia, contribute to the development of complications over the
long time such as retinopathy, nephropathy, and neuropathy.

The classification of diabetes includes four clinical classes, they are:

Type 1 diabetes (results from beta cell destruction, usually leading to
absolute insulin deficiency),

Type 2 diabetes (results from a progressive insulin secretory defect on the
background of insulin resistance),

Gestational diabetes mellitus (GDM) (diabetes diagnosed during
pregnancy that is not clearly overt diabetes),

Other specific types of diabetes due to other causes, e.g. genetic defects
in beta cell function, genetic defects in insulin action, diseases of the exocrine
pancreas (such as cystic fibrosis), and drug or chemical-induced (such as in the

treatment of HIVV/AIDS or after organ transplantation)
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Diabetic care

1) Initial evaluation

According to American Diabetes Association (ADA) recommendation, a
complete medical evaluation should be performed to classify the diabetes, detect the
presence of diabetes complications, review previous treatment and glycemic control in
patients with established diabetes, assist in formulating a management plan, and
provide a basis for continuing care. Laboratory tests appropriate to the evaluation of
each patient’s medical condition should be performed. A focus on the components of
comprehensive care will assist the health care team to ensure optimal management of

the patient with diabetes.

2) Management

People with diabetes should receive medical care from a physician-
coordinated team. Such teams may include, but are not limited to, physicians, nurse
practitioners, physician’s assistants, nurses, dietitians, pharmacists, and mental health
professionals with expertise and a special interest in diabetes. It is essential in this
collaborative and integrated team approach that individuals with diabetes assume
an active role in their care. The management plan should be formulated as a
collaborative therapeutic alliance among the patient and family, the physician, and
other members of the health care team. A variety of strategies and techniques should
be used to provide adequate education and development of problem-solving skills in
the various aspects of diabetes management.

Implementation of the management plan requires that each aspect is
understood and agreed to by the patient and the care providers and that the goals and
treatment plan are reasonable. Any plan should recognize diabetes self management
education (DSME) and ongoing diabetes support as an integral component of care. In
developing the plan, consideration should be given to the patient’s age, school or work
schedule and conditions, physical activity, eating patterns, social situation and cultural

factors, and presence of complications of diabetes or other medical conditions.
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3) Glycemic control

Assessment of glycemic control

Two primary techniques are available for health providers and patients to
assess the effectiveness of the management plan on glycemic control: patient self-
monitoring of blood glucose (SMBG) or interstitial glucose, and A1C.

a. Glucose monitoring

Major clinical trials of insulin-treated patients that demonstrated the
benefits of intensive glycemic control on diabetes complications have included SMBG
as part of multifactorial interventions, suggesting that SMBG is a component of
effective therapy. SMBG allows patients to evaluate their individual response to
therapy and assess whether glycemic targets are being achieved. Results of SMBG can
be useful in preventing hypoglycemia and adjusting medications (particularly prandial
insulin doses), medical nutrition therapy (MNT), and physical activity.

b. Hemoglobin Alc

Because A1C is thought to reflect average glycemia over several months,
and has strong predictive value for diabetes complications, A1C testing should be
performed routinely in all patients with diabetes, at initial assessment and then as part
of continuing care. Measurement approximately every 3 months determines whether a
patient’s glycemic targets have been reached and maintained. For any individual
patient, the frequency of A1C testing should be dependent on the clinical situation, the
treatment regimen used, and the judgment of the clinician. Some patients with stable
glycemia well within target may do well with testing only twice per year, while
unstable or highly intensively managed patients (e.g., pregnant type 1 women) may be
tested more frequently than every 3 months. The availability of the A1C result at the
time that the patient is seen (point-of-care testing) has been reported to result in
increased intensification of therapy and improvement in glycemic control.

Table 2.1 presents glycemic recommendations for nonpregnant adults

with diabetes according to American Diabetes Association (ADA) recommendation.
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Table 2.1 Glycemic recommendations for nonpregnant adults with diabetes (33)

Glycemic control Target

AlC <7.0%
Preprandial capillary plasma glucose 70-130 mg/dl
Peak postprandial capillary plasma glucose* 180 mg/dl

Goals should be individualized based on:
* duration of diabetes
* age/life expectancy
» comorbid conditions
» known CVD or advanced microvascular complications
* hypoglycemia unawareness
« individual patient considerations
* more or less stringent glycemic goals may be appropriate for individual
patients.
* postprandial glucose may be targeted if AL1C goals are not met despite reaching

preprandial goals.

*Postprandial glucose measurements should be made 1-2 h after the beginning of the
meal, generally peak levels in patients with diabetes.

4) Pharmacologic and overall approaches to treatment

Therapy for type 1 diabetes

Recommended therapy for type 1 diabetes consists of:

a. use of multiple dose insulin injections (three to four injections per day
of basal and prandial insulin)

b. matching of prandial insulin to carbohydrate intake, premeal blood
glucose, and anticipated activity

c. for many patients (especially if hypoglycemia is a problem), use of

insulin analogs.
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Therapy for type 2 diabetes

The American Diabetes Association (ADA) and the European Association
for the Study of Diabetes (EASD) published an expert consensus statement on the
approach to management of hyperglycemia in individuals with type 2 diabetes (34).
Highlights of this approach are: intervention at the time of diagnosis with metformin
in combination with lifestyle changes (MNT and exercise) and continuing timely
augmentation of therapy with additional agents (including early initiation of insulin
therapy) as a means of achieving and maintaining recommended levels of glycemic
control (i.e., Alc <7% for most patients). As Alc targets are not achieved, treatment

intensification is based on the addition of another agent from a different class.

2. Epidemiology of Diabetes

Diabetes is a common chronic disease in nearly all countries. There are an
estimated 285 million in 2010. This number will continue to increase globally due to
an aging population, growth of population size, urbanization and high prevalence of
obesity and sedentary lifestyle (1). The estimated number of individuals with diabetes
in Asia was 113 million in 2010 and will increase to 180 million in 2030 (2). Diabetes
leads to both premature death and complications such as blindness, amputations, renal
disease, and cardiovascular disease.

In Thailand, diabetes has been a major cause of morbidity and mortality in
the past decade (3). Diabetes alone is responsible for 3.3 and 8.3% of total deaths in
Thai men and women, respectively (3). A high prevalence rate of diabetes in Thailand
makes it among the top ten in Asia (2). In 2004, the National Health Examination
Survey (NHES) 111 reported a prevalence of 6.7% in adults aged >15 years, of whom
53.3% went undiagnosed. The prevalence of impaired fasting glucose (IFG) is 12.5%
(35). Undiagnosed diabetes increases the risk of complications as a result of being
untreated, and about 40% of those treated have their fasting plasma glucose (FPG)
under control (<7.8 mmol/L) (35).

In 2009, The Thai National Health Examination Survey (NHES) IV
reported the prevalence of IFG and diabetes was 10.6 and 7.5%, respectively. Of

all diabetes diagnoses, 35.4% were not previously diagnosed, and the proportion was
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higher in men than in women (47.3 vs. 23.4%, P < 0.05). Compared with those in year
2004, the proportions of individuals with diabetes and concomitant hypertension did
not significantly decrease in 2009 in both sexes, but the proportions of women with
diabetes who were abdominally obese or had high total cholesterol (>5.2 mmol/L)
significantly increased in 2009 by 18.0 and 23.5%, respectively (all P <0.01). The
rates of treatment and control of blood glucose, high blood pressure, and high total
cholesterol were favorably improved in 2009. However, in substantial proportions of

individuals with diabetes these concomitants were still controlled suboptimally (4).

3. Economic Burdens of Diabetes Mellitus

Diabetes is also costly to health care systems. People with diabetes have
more outpatient visits, use more medications, have a higher probability of being
hospitalized, and are more likely to require emergency and long-term care than people
without the disease. The global health care expenditure attributable to diabetes has
been estimated in 2010 by the International Diabetes Federation (IDF) and reported
the global health expenditure on diabetes is expected to total at least US$ 376 billion
in 2010 and US$ 490 billion in 2030. Globally, 12% of the health expenditures and
US$ 1330 per person are anticipated to be spent on diabetes in 2010. The expenditure
varies by region, age group, gender, and country’s income level. For Thailand, 11% of
the health expenditures and US$ 114 per person were estimated to be spent on
diabetes in 2010 (7).

For Thailand, there have been few studies estimating the cost of diabetes.
In 2007, Riewpaiboon A., et al. (36) formulated a cost model from a provider
perspective regarding the direct medical costs for diabetic patients who received care
in a 30-bed public hospital in Thailand during the fiscal year of 2001. The study
covered 186 diabetic patients, and found that the average cost of caring for a diabetic
patient per year was 6331 Thai baht (THB) at 2001 prices (approximately 40 THB =
US$1). A major portion of this cost was spent for pharmacy services, which accounted
for 45% of the whole cost, followed by outpatient services (24%), inpatient services
(16%), and laboratory investigation (11%).

In 2011, Chatterjee S., et al. (37) estimated the cost of diabetes and its

complications from societal perspective, the broadest viewpoint covering all costs
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irrespective of who incur them. Data were collected from 475 randomly selected
diabetic patients who received treatment from Waritchaphum Hospital in Sakhon
Nakhon province of Thailand during 2007-2008 with a response rate of 98%. A
micro-costing approach was used to calculate the cost. The direct medical cost was
calculated by multiplying the quantity of medical services consumed by their unit
costs while indirect cost was calculated by using human capital approach. The total
cost of illness of diabetes for 475 study participants was estimated as US$ 418,696 for
the year 2008 (1 US$ = 32 THB). Of this, 23% was direct medical cost, 40% was
direct non-medical cost and 37% was indirect cost. The average cost of illness per
diabetic patient was US$ 881.47 in 2008 which was 21% of per capita gross domestic
product (GDP) of Thailand. Existence of complications increased the cost
substantially. Cost of informal care contributed 28% of total cost of illness of diabetes.

Neither recent study by Riewpaiboon A., et al. (38), using the same data
from Waritchaphum Hospital, estimated cost of illness from the provider’s perspective
for diabetic patients who received treatment during the fiscal year 2008. Data were
collected from the hospital finantial records and medical record of each participant and
were analysed with a stepwise multiple regression. This study found that the average
public treatment cost per patient per year was US$ 94.71 at 2008 prices. Drug cost was
the highest cost component (25% of total cost), followed by inpatient cost (24%) and
out patient visit cost (17%). A cost forecasting model showed that the length of stay,
hospitalization, visits to the provincial hospital, duration of disease and presence of
diabetic complications (e.g. diabetic foot complications and nephropathy) were the
significant predictor variables (adjusted R?=0.689).

Chaikledkaew U., et al. (12) investigated the factors affecting health-care
costs and hospitalizations among diabetic patients in Thai public hospitals, by using
administrative claims data obtained from diabetic patients during October 1, 2002 and
September 30, 2003. The results of this study suggested that demographic factors of
patients (i.e., age and male sex), payment methods (i.e., capitation, fee-for-service, and
out-of-pocket) were significantly associated with higher health-care costs and
probability of hospitalization. Patients receiving treatment from teaching hospitals
significantly consumed higher health-care costs. In addition, the more health-care

utilizations (i.e., occurrence of hospitalization, number of outpatient visit, and insulin
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utilization), the higher health-care costs the patients had. Diabetic patients taking
insulin had significantly higher health-care costs and risk of hospitalization.
Furthermore, comorbidities (e.g., hypertension and cancer) and diabetes-related
complications (e.g., nephropathy, neuropathy, retinopathy, coronary artery disease,
cardiovascular disease, and peripheral vascular disease) were significantly associated
with an increase in health-care costs and hospitalization.

Based on the results of these studies, the costs for patients with
complications were substantially higher than those without complications and the costs
were found to increase progressively with the increase in number of complications,
and also showed that total healthcare costs were significantly associated with age,
gender, type of diabetes, payment methods, comorbidities and complications.

It is suggested that health-care providers and health policymakers may
need to focus on the factors associated with an increase in health-care costs and
hospitalizations, such as patients with older age, male sex, co-morbidities and
complications. Health-care providers may set up the interventions such as diabetic
patient counseling, pharmaceutical care, or disease management to delay the
progression of co-morbidities or complications that diabetic patients may possibly

have in the future.

4. Measuring quality of Diabetes Management (39)

Quality improvement in diabetes and other diseases is a set of activities
undertaken to assure that patients receive the services known to minimize
complications and maximize life expectancy. The essence of quality improvement is
the performance measure. Performance measures indicate how close to perfection
(100%) a provider comes in making a service available to patients. Measures usually
contain a time component that specifies the frequency of the service, e.g., HbAlc
determination every quarter. The results of performance measures are binary and
expresse

Quality improvement has three possible components: structure, process,
and outcome. Two of these (process and outcome) are dynamic and one (structure) is
relatively static. Structure has to do with the environment in which patient care takes

place. Process and outcome measures are disease specific, and, besides obvious
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structural problems like inadequate heating or very low nurse to patient ratios, it is
seldom clear exactly what role the structural elements play as determinants of hand-on
disease management.

Outcome measures are intuitively appealing. They deal with endpoints
such as changes in heart disease mortality among diabetes patients or lowered blood
pressure among hypertensives. Unfortunately, using outcomes to measure quality
especially in comparing one provider to another, is fraught with difficulty. Different
facilities have different patient. Even when providers serve the same population, the
patients may and often do differ significantly from one provider to another. The
provider with sicker patients will usually have the worse outcome. Disparities in
health, income, and education differ between population groups, and it is therefore
difficult to compare outcomes between providers who serve a largely poor,
uneducated, ethnic minority to one whose patients are preponderantly white, educated,
and relatively affluent. The use of outcomes requires risk adjustment-a way of taking
into account differences in the patients served by a given provider.

The other problem with outcomes is that the combination of patients
changes over time even within the same provider. As a consequence, outcomes also
will vary even though the quality of care provided remains unchanged. The ultimate
outcome, death, is not usually attributable to the specific act of a given provider and
may not, therefore, bear any relation whatever to the quality of care provided. Finally,
in many diseases and specially in diabetes, the patient plays a major role in
determining his own outcome.

Process measures inherently incorporate the limitations of medicine. The
process of care, when it includes every service known to be beneficial, is all the health
care system has to offer. Process consists of both diagnostic and therapeutic actions.
The latter are sometimes referred to as follow-up indicators or intermediate outcomes.
Intermediate outcomes specify that should be done for the patient once his problem is
known. Thus, as shown in table 2.2, blood pressure determination is the diagnostic
measure, the angiotensin converting enzyme (ACE) inhibitor the patient receives if
hypertensive is the intermediate measure, and the change in the incidence of the
sequelae of hypertension, such as heart failure or stroke, is the outcome. Table 2.2 lists

services that are commonly used as performance measures in diabetes.



Roongkarn Pannarunothai Literature Review / 16

It is usual for some subset of these measures, often as few as three or four,
to be used as the basis of diabetes quality improvement. HbAlc is always included,
and retinal examination, feet examination, and blood pressure usually appear along
with HbAlc.

Table 2.2 Commonly Used Performance Measures in Diabetes Management (39)

Performance Measures

Process measures
Blood pressure quarterly
HbA1c quarterly
Foot examination twice a year
Retinal examination yearly
Lipid profile yearly
Urine testing for protein yearly
Serum creatinine
Daily aspirin
Immunization against influenza
Immunization against commonly acquired pneumonia
Blood pressure at the ankle to test for peripheral vascular disease
Diabetic education
Nutrition instruction
Exercise
Medication
Use of home glucose meter
Follow-up (intermediate outcomes)
ACE-I if hypertensive
ACE-I if protein in urine
Treatment if hyperlipemic

Ophthamologic referral if abnormal retinal exam
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Part I1: Adjusted Clinical Group system (ACGs) (40)
The Johns Hopkins ACG Case-Mix System (“the ACG System”) is a

statistically valid, diagnosis-based, case-mix methodology that allows healthcare
providers, health plans, and public-sector agencies to describe or predict a
population’s past or future healthcare utilization and costs. The ACG System is also
widely used by researchers and analysts to compare various patient populations’ prior
health resource use, while taking into account morbidity or illness burden.

Adjusted Clinical Group actuarial cells, or ACGs, are the building blocks
of the Johns Hopkins ACG Case-Mix System (“the ACG System”) methodology.
ACGs are a series of mutually exclusive, health status categories defined by morbidity,
age, and sex. They are based on the premise that the level of resources necessary for
delivering appropriate healthcare to a population is correlated with the illness burden
of that population.

ACGs are used to determine the morbidity profile of patient populations to
more fairly assess provider performance, to reimburse providers based on the health
needs of their patients, and to allow for more equitable comparisons of utilization or
outcomes across two or more patient or enrollee aggregations.

How ACGs Work (40)

This system used the patient encounter data as the term for grouping which
is developed by the School of Hygiene and Public Health at Johns Hopkins University.
It combines diagnoses data on types of morbidity, co-morbidity or disorders during the
period of time (usually one year). This system assigns each ICD-10 code to 1 of 32
ADGs based on five clinical dimensions:

- Duration of the condition (acute, recurrent, or chronic): How long will
healthcare resources be required for the management of this condition?

- Severity of the condition (e.g., minor and stable versus major and
unstable): How intensely must healthcare resources be applied to manage the
condition?

- Diagnostic certainty (symptoms versus documented disease): Will a

diagnostic evaluation be needed or will services for treatment be the primary focus?
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- Etiology of the condition (infectious, injury, or other): What types of
healthcare services will likely be used?

- Specialty care involvement (e.g., medical, surgical, obstetric,
hematology): To what degree will specialty care services be required?

All diseases can be classified along these dimensions and categorized into
one of these 32 ADG clusters. Because most management applications for population-
based case-mix adjustment systems require that patients be grouped into single,
mutually exclusive categories, the ACG methodology uses a branching algorithm to
place people into one of 93 discrete categories based on their assigned ADGs, their
age and their sex. The result is that individuals within a given ACG have experienced
a similar pattern of morbidity and resource consumption over the course of a given

year. (Figure 2.1)

Diagnosis codes (ICD -10 code)

Severity of the condition Specialty care involvement

Duration of the condition Etiology of the condition }
Diagnostic certainty

32 Aggregated Diagnosis Group (ADG)
12 Collapsed ADG (CADG)

23 Major ambulatory Categories (MAC)

Adjusted Clinical Groups (ACG)

Figure 2.1 ACG Assignment (40)
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Overview of the ACG Assignment Process (40)

The ACG System relies on automated claims or encounter data derived
from healthcare settings to characterize the degree of overall morbidity in patients and
populations. They are 4 steps as follow:

- Step 1: Mapping ICD Codes to a Parsimonious Set of Aggregated

Diagnosis Groups (ADGS)

- Step 2: Creating a Manageable Number of ADG Subgroups(CADGS)

- Step 3: Frequently Occurring Combinations of CADGs (MACs)

- Step 4: Forming the Terminal Groups (ACGSs)

Step 1. Mapping ICD Codes to a Parsimonious Set of Aggregated
Diagnosis Groups (ADGS)

There are roughly 25,000 ICD (-9 or -10) diagnosis codes that clinicians
can use to describe patients’ health conditions. The first step of the ACG grouping
logic is to assign each of these codes to one of 32 diagnosis groups referred to as
Aggregated Diagnosis Groups, or ADGs.

Each ADG is a grouping of diagnosis codes that are similar in terms of
severity and likelihood of persistence of the health condition treated over a relevant
period of time (such as a year of enrollment). ICD codes within the same ADG are
similar in terms of both clinical criteria and expected need for healthcare resources.
Just as individuals may have multiple ICD diagnosis codes, they may have multiple
ADGs (up to 32).
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Table 2.3 The 32 ADGs and exemplary diagnosis codes (40)

ADG ICD-10 Diagnosis Code
1. Time Limited: Minor K529 Noninfectious Gastroententris
L22 Diaper or Napkin Rash
2. Time Limited: Minor- A084 Viral intestinal infection, unspecified
Primary Infections JO50 Croup
3. Time Limited: Major 1803 Phlebitis of Lower Extremities
K564 Impaction of Intestine
4. Time Limited: Major- K752 Nonspecific reactive hepatitis
Primary Infections M002 Other streptococcal arthritis & polyarthritis
5. Allergies J304 Allergic Rhinitis, Cause Unspecified
L509 Unspecified Urticaria
6. Asthma J450 Predominantly allergic asthma
J459 Asthma, unspecified
7. Likely to Recur: Discrete M109 Gout, Unspecified
M545 Low back pain
8. Likely to Recur: Discrete- J350 Chronic Tonsillitus
Infections N390 Urinary Tract Infection
9. Likely to Recur: E111 Adult Onset Type Il Diabetes w/ Ketoacidosis
Progressive Jgl Pulmonary oedema
10. Chronic Medical: Stable E109 Insulin dependent DM, w/o complications
110 Essential Hypertension
11. Chronic Medical: D570 Sickle-Cell Anemia w crisis
Unstable E849 Cystic fibrosis, unspecified
12. Chronic Specialty: Stable- M479 Spondylosis, unspecified
Orthopedic M200 Deformity of finger(s)
13. Chronic Specialty: Stable- H903 Sensorineural hearing loss, bilateral
Ear, Nose, Throat H71 Cholesteatoma of middle ear
14. Chronic Specialty: Stable- H521 Myopia
Eye H119 Unspecified Disorder of Conjunctiva
15. No Longer in Use*
16. Chronic Specialty: M480 Spinal Stenosis of Lumbar Region
Unstable-Orthopedic M932 Osteochondritis Dissecans
17. Chronic Specialty: H810 Meniere's Disease
Unstable-Ear, Nose, Throat | H701 Chronic Mastoiditis
18. Chronic Specialty: H409 Unspecified Glaucoma
Unstable-Eye H360 Diabetic retinopathy
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Table 2.3 The 32 ADGs and exemplary diagnosis codes (cont.)

ADG ICD-10 Diagnosis Code
19. No Longer in Use*
20. Dermatologic BO7 Viral Warts
1781 | Nevus, Non-Neoplastic
21. Injuries/Adverse Effects: S107 | Multiple superficial injuries of neck
Minor T099 | Unspecified injury of trunk, level unspecified
22. Injuries/Adverse Effects: S067 | Intracranial injury with prolonged coma
Major T789 | Adverse effect, unspecified
23. Psychosocial: Time F430 | Acute stress reaction
Limited, Minor F515 | Nightmares
24. Psychosocial: Recurrent F410 | Panic Disorder
or Persistent, Stable F502 | Bulimia
25. Psychosocial: Recurrent or F232 | Acute schizophrenia-like psychotic disorder
Persistent,Unstable F102 | Mental & behav dis d/t use of alcohol
26. Signs/Symptoms: Minor R51 Headache
M796 | Pain in Limb
27. Signs/Symptoms: M255 | Pain in joint
Uncertain 1951 | Orthostatic hypotension
28. Signs/Symptoms: Major 1517 | Cardiomegaly
R55 Syncope and Collaspe
29. Discretionary K402 | Bilateral inguinal hernia, w/o obstruct of
L720 | gangrene
Epidermal cyst
30. See and Reassure N62 Hypertrophy of Breast
E65 Localized Adiposity
31. Prevention/Administrative Z001 | Routine Infant or Child Health Check
Z014 | Gynecological Examination
32. Malignancy C509 | Malignant Neoplasm of Breast (NOS)
C819 | Hodgkin's Disease, Unspecified Type
33. Pregnancy Z321 | Pregnant State
0808 | Other single spontaneous delivery
34. Dental K021 | Dental caries of dentine
K051 | Chronic Gingivitis

*Note: Only 32 of the 34 markers are currently in use.
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ADGs are distinguished by several clinical characteristics (time limited or
not, medical/ specialty/ pregnancy, physical health/psycho-social), and degree of
refinement of the problem (diagnosis or symptom/sign). They are not categorized by
organ system or disease. Instead, they are based on clinical dimensions that help
explain or predict the need for healthcare resources over time. The need for healthcare
resources is primarily determined by the likelihood of persistence of problems and
their level of severity rather than organ system involvement.

Some ADGs have very high expected resource use and are labeled “Major
ADGs.”

Table 2.4 Major ADGs for adult and pediatric populations (40)

Pediatric Major ADGs (ages 0-17 years) Adult Major ADGs (ages 18 and up)

3 Time Limited: Major 3 Time Limited: Major

9 Likely to Recur: Progressive 4 Time Limited: Major-Primary Infections

11 Chronic Medical: Unstable 9 Likely to Recur: Progressive

12 Chronic Specialty: Stable-Orthopedic 11 Chronic Medical: Unstable

13 Chronic Specialty: Stable-Ear, Nose, Throat 16 Chronic Specialty: Unstable- Orthopedic

18 Chronic Specialty: Unstable-Eye 22 Injuries/Adverse Effects: Major

25 Psychosocial: Recurrent or Persistent, 25 Psychosocial: Recurrent or Persistent,
Unstable Unstable

32 Malignancy 32 Malignancy

Step 2: Creating a Manageable Number of ADG Subgroups(CADGS)

The ultimate goal of the ACG algorithm is to assign each person to a
single morbidity group (i.e., an ACG). There are 4.3 billion possible combinations of
ADGs, so to create a more manageable number of unique combinations of morbidity
groupings, the 32 ADGs are collapsed into 12 CADGs or Collapsed ADGs (Table
2.5). Like ADGs, CADGs are not mutually exclusive in that an individual can be
assigned to as few as none or as many as 12.

Although numerous analytic techniques could be used to form CADGs
from ADGs, the ACG Case-Mix System has placed the emphasis on clinical cogency.

Three clinical criteria are used:
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within the ADG, i.e., time-limited, likely to recur, or chronic groupings.

* the severity of the condition, i.e., minor versus major and stable versus

unstable.

* the types of healthcare services required for patient management--
medical versus specialty, eye/dental, psychosocial, prevention/administrative, and

pregnancy.

Table 2.5 The Collapsed ADG Clusters and the ADGs That They Comprise (40)

Collapsed ADG (CADG) ADGs in Each

Collapsed ADG (CADG) ADGs in Each

1. Acute Minor

1 Time Limited: Minor
2 Time Limited: Minor-Primary Infections
21 Injuries/Adverse Events: Minor

26 Signs/Symptoms: Minor

2. Acute Major

3 Time Limited: Major

4 Time Limited: Major-Primary Infections
22 Injuries/Adverse Events: Major

27 Signs/Symptoms: Uncertain

28 Signs/Symptoms: Major

3. Likely to Recur

5 Allergies

7 Likely to Recur: Discrete

8 Likely to Recur: Discrete-Infections
20 Dermatologic

29 Discretionary

4. Asthma

6 Asthma

5. Chronic Medical: Unstable

9 Likely to Recur: Progressive
11 Chronic Medical: Unstable
32 Malignancy

6. Chronic Medical: Stable

10 Chronic Medical: Stable

30 See and Reassure

7. Chronic Specialty: Stable

12 Chronic Specialty: Stable-Orthopedic
13 Chronic Specialty: Stable-Ear, Nose, Throat

8. Eye/Dental

14 Chronic Specialty: Stable-Eye
34 Dental
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Table 2.5 The Collapsed ADG Clusters and the ADGs That They Comprise (40)

(cont.)

Collapsed ADG (CADG) ADGs in Each Collapsed ADG (CADG) ADGs in Each

9. Chronic Specialty: Unstable 16 Chronic Specialty: Unstable-Orthopedic
17 Chronic Specialty: Unstable-Ear, Nose, Throat
18 Chronic Specialty: Unstable-Eye

10. Psychosocial 23 Psycho-social: Time Limited, Minor
24 Psycho-social: Recurrent or Persistent, Stable
25 Psycho-social: Recurrent or Persistent, Unstable

11. Preventive/Administrative 31 Prevention/Administrative

12. Pregnancy 33 Pregnancy

Step 3: Frequently Occurring Combinations of CADGs (MACS)

The third step in the ACG categorization methodology assigns individuals
into a single, mutually exclusive category, called a MAC. This grouping algorithm is
based primarily on the pattern of CADGs. Table 2.6 shows the MACs and the
Collapsed ADGs which comprise them.

There are twenty-three commonly occurring combinations of CADGs
which form MACs 1 through 23:

* The first 11 MACs correspond to presence of a single CADG.

* MAC-12 includes all pregnant women, regardless of their pattern of

CADGs.
* MACs 13 through 23 are commonly occurring combinations of CADGs.
* MAC-24 includes all other combinations of CADGs.
* MAC-25 is used for enrollees with no service use or invalid diagnosis
input data.

* MAC-26 includes all infants (age<12 months), regardless of the pattern
of CADGs
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Table 2.6 The MACs and The Collapsed ADGs (40)

MACs CADGs

1. Acute: Minor 1

2. Acute: Major 2

3. Likely to Recur 3

4. Asthma 4 4

5. Chronic Medical: Unstable 5

6. Chronic Medical: Stable 6

7. Chronic Specialty: Stable 7

8. Eye/Dental 8

12. Pregnancy All CADG combinations that include CADG 12

13. Acute: Minor and Acute: Major 1land 2

14. Acute: Minor and Likely to Recur land 3

15. Acute: Minor and Chronic Medical: Stable land6

16. Acute: Minor and Eye/Dental land 8

17. Acute: Minor and Psychosocial land 10

18. Acute: Major and Likely to Recur 2and 3

19. Acute: Minor and Acute: Major and Likely to 1,2and 3
Recur

20. Acute: Minor and Likely to Recurand Eyeand | 1,3 and 8
Dental

21. Acute: Minor and Likely to Recur and 1,3,and 10
Psychosocial

22. Acute: Minor and Major and Likely to Recur 1,2,3,and 6
and Chronic Medical: Stable

23. Acute: Minor and Major and Likely to Recur 1,2,3,and 10

and Psychosocial

24.

All Other Combinations Not Listed Above

All Other Combinations

25.

No Diagnosis or Only Unclassified Diagnosis

No CADGs

26.

Infants (age less than 1 year)

Any CADGs combinations and less

than 1 year old
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Step 4: Forming the Terminal Groups (ACGs)

MACs form the major branches of the ACG decision tree. The final step in
the groupingalgorithm divides the MAC branches into terminal groups, the actuarial
cells known as ACGs. The logic used to split MACs into ACGs includes a
combination of statistical considerations and clinical insight. During the ACG
development process, the overarching goal for ACG assignment was to identify groups
of individuals with similar needs for healthcare resources who also share similar
clinical characteristics. The variables taken into consideration included: age, sex,

presence of specific ADGs, number of major ADGs, and total number of ADGs.

Resource Utilization Bands (RUBS) (40)

ACGs were designed to represent clinically logical categories for persons
expected to require similar levels of healthcare resources. However, enrollees with
similar predicted (or expected) overall utilization may be assigned different ACGs
because they have different epidemiological patterns of morbidity. For example, a
pregnant woman with significant morbidity, an individual with a serious psychological
condition, or someone with two chronic medical conditions may all be expected to use
approximately the same level of resources even though they each fall into different
ACG categories.

Often a fewer number of combined categories will be easier to handle from
an administrative perspective. ACGs can be combined into what we term Resources
Utilization Bands (RUBSs). The software automatically assigns 0- 6 RUB classes:

* 0 - No or Only Invalid Dx

* 1 - Healthy Users

*2-Low

* 3 - Moderate

* 4 —High

* 5 - Very High

The relationship between ACG categories and RUBs is defined in Table
2.7
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Table 2.7 The Final ACG Categories and RUBs (40)

ACG Description

RUB

0100 Acute Minor, Age 1

0200 Acute Minor, Age 2to 5

0300 Acute Minor, Age 6+

0400 Acute Major

0500 Likely to Recur, w/o Allergies

0600 Likely to Recur, w/ Allergies

0700 Asthma

0800 Chronic Medical: Unstable

0900 Chronic Medical: Stable

1000 Chronic Specialty: Stable

1100 Eye & Dental

1200 Chronic Specialty: Unstable

1300 Psychosocial, w/o Psychosocial Unstable

1400 Psychosocial, w/ Psychosocial Unstable, w/o Psychosocial Stable

1500 Psychosocial, w/ Psychosocial Unstable, w/  Psychosocial Stable

1600 Preventive/Administrative

1710 Pregnancy, 0-1 ADGs

1711 Pregnancy, 0-1 ADGs, Delivered

1712 Pregnancy, 0-1 ADGs, Not Delivered

1720 Pregnancy, 2-3 ADGs, no Major ADGs

1721 Pregnancy, 2-3 ADGs, no Major ADGs, Delivered

1722 Pregnancy, 2-3 ADGs, no Major ADGs, Not Delivered

1730 Pregnancy, 2-3 ADGs, 1+ Major ADGs

1731 Pregnancy, 2-3 ADGs, 1+ Major ADGs, Delivered

1732 Pregnancy, 2-3 ADGs, 1+ Major ADGs, Not Delivered

1740 Pregnancy, 4-5 ADGs, no Major ADGs

1741 Pregnancy, 4-5 ADGs, no Major ADGs, Delivered

1742 Pregnancy, 4-5 ADGs, no Major ADGs, Not Delivered

1750 Pregnancy, 4-5 ADGs, 1+ Major ADGs

B W BB W PR PR W PR W W PR W W LW NN R NN W DN N NN RN
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Table 2.7 The Final ACG Categories and RUBs (cont.)

ACG Description RUB

1751 Pregnancy, 4-5 ADGs, 1+ Major ADGs, Delivered

1752 Pregnancy, 4-5 ADGs, 1+ Major ADGs, Not Delivered

1760 Pregnancy, 6+ ADGs, no Major ADGs

1761 Pregnancy, 6+ ADGs, no Major ADGs, Delivered

1762 Pregnancy, 6+ ADGs, no Major ADGs, Not Delivered

1770 Pregnancy, 6+ ADGs, 1+ Major ADGs

1771 Pregnancy, 6+ ADGs, 1+ Major ADGs, Delivered

1772 Pregnancy, 6+ ADGs, 1+ Major ADGs, Not Delivered

1800 Acute Minor/Acute Major

1900 Acute Minor/Likely to Recur, Age 1

2000 Acute Minor/Likely to Recur, Age 2to 5

2100 Acute Minor/Likely to Recur, Age 6+, w/o Allergy

2200 Acute Minor/Likely to Recur, Age 6+, w/ Allergy

2300 Acute Minor/Chronic Medical: Stable

2400 Acute Minor/Eye & Dental

2500 Acute Minor/Psychosocial, w/o Psychosocial Unstable

2600 Acute Minor/Psychosocial, w/ Psychosocial Unstable, w/o

Psychosocial Stable

2700 Acute Minor/Psychosocial, w/ Psychosocial Unstable, w/

Psychosocial Stable

2800 Acute Major/Likely to Recur

2900 Acute Minor/Acute Major/Likely to Recur, Age 1

3000 Acute Minor/Acute Major/Likely to Recur, Age 2 to 5

3100 Acute Minor/Acute Major/Likely to Recur, Age 6 to 11

3200 Acute Minor/Acute Major/Likely to Recur, Age 12+, w/o Allergy

3300 Acute Minor/Acute Major/Likely to Recur, Age 12+, w/ Allergy

3400 Acute Minor/Likely to Recur/Eye & Dental

3500 Acute Minor/Likely to Recur/Psychosocial

W| Wl N W W W W W W W W W W N N DN DN DN DN DN APPSR DB

3600 Acute Minor/Acute Major/Likely to Recur/Chronic Medical: Stable
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Table 2.7 The Final ACG Categories and RUBs (cont.)
ACG Description RUB
3700 Acute Minor/Acute Major/Likely to Recur/Psychosocial
3800 2-3 Other ADG Combinations, Age 1 to 17
3900 2-3 Other ADG Combinations, Males Age 18 to 34
4000 2-3 Other ADG Combinations, Females Age 18 to 34
4100 2-3 Other ADG Combinations, Age 35+ 4210 4-5 Other ADG
4210 4-5 Other ADG Combinations, Age 1to 17, no Major ADGs
4220 4-5 Other ADG Combinations, Age 1to 17, 1+ Major ADGs
4310 4-5 Other ADG Combinations, Age 18 to 44, no Major ADGs
4320 4-5 Other ADG Combinations, Age 18 to 44, 1 Major ADGs
4330 4-5 Other ADG Combinations, Age 18 to 44, 2+ Major ADGs
4410 4-5 Other ADG Combinations, Age 45+, no Major ADGs
4420 4-5 Other ADG Combinations, Age 45+, 1 Major ADGs
4430 4-5 Other ADG Combinations, Age 45+, 2+ Major ADGs
4510 6-9 Other ADG Combinations, Age 1 to 5, no Major ADGs
4520 6-9 Other ADG Combinations, Age 1 to 5, 1+ Major ADGs
4610 6-9 Other ADG Combinations, Age 6 to 17, no Major ADGs
4620 6-9 Other ADG Combinations, Age 6 to 17, 1+ Major ADGs
4710 6-9 Other ADG Combinations, Males, Age 18 to 34, no Major ADGs
4720 6-9 Other ADG Combinations, Males, Age 18 to 34, 1 Major ADGs
4730 6-9 Other ADG Combinations, Males, Age 18 to 34, 2+ Major ADGs
4810 6-9 Other ADG Combinations, Females, Age 18 to 34, no Major

W B W W A WA W PR W W PR W LW W W W W W DN W

ADGs
4820 6-9 Other ADG Combinations, Females, Age 18 to 34, 1 Major ADGs | 3
4830 6-9 Other ADG Combinations, Females, Age 18 to 34, 2+ Major 4
ADGs

4910 6-9 Other ADG Combinations, Age 35+, 0-1 Major ADGs
4920 6-9 Other ADG Combinations, Age 35+, 2 Major ADGs
4930 6-9 Other ADG Combinations, Age 35+, 3 Major ADGs
4940 6-9 Other ADG Combinations, Age 35+, 4+ Major ADGs

ol o b W
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Table 2.7 The Final ACG Categories and RUBs (cont.)

ACG Description

RUB

5010 10+ Other ADG Combinations, Age 1 to 17, no Major ADGs

5020 10+ Other ADG Combinations, Age 1 to 17, 1 Major ADGs

5030 10+ Other ADG Combinations, Age 1 to 17, 2+ Major ADGs

5040 10+ Other ADG Combinations, Age 18+, 0-1 Major ADGs

5050 10+ Other ADG Combinations, Age 18+, 2 Major ADGs

5060 10+ Other ADG Combinations, Age 18+, 3 Major ADGs

5070 10+ Other ADG Combinations, Age 18+, 4+ Major ADGs

5110 No Diagnosis or Only Unclassified Diagnosis (2 input files)

5200 Non-Users (2 input files)

5310 Infants: 0-5 ADGs, no Major ADGs

5311 Infants: 0-5 ADGs, no Major ADGs, Low Birth Weight

5312 Infants: 0-5 ADGs, no Major ADGs, Normal Birth Weight

5320 Infants: 0-5 ADGs, 1+ Major ADGs

5321 Infants: 0-5 ADGs, 1+ Major ADGs, Low Birth Weight

5322 Infants: 0-5 ADGs, 1+ Major ADGs, Normal Birth Weight

5330 Infants: 6+ ADGs, no Major ADGs

5331 Infants: 6+ ADGs, no Major ADGs, Low Birth Weight

5332 Infants: 6+ ADGs, no Major ADGs, Normal Birth Weight

5340 Infants: 6+ ADGs, 1+ Major ADGs

5341 Infants: 6+ ADGs, 1+ Major ADGs, Low Birth Weight

5342 Infants: 6+ ADGs, 1+ Major ADGs, Normal Birth Weight

9900 Invalid Age or Date of Birth

o K~ O O W ] W & O & WO | W O | O O | & O | W

Relationship between ADGs and Diagnoses (40)
The following section shows examples of how ICD codes within

diagnostic classes are assigned to ADGs.

related
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Diabetes

Diabetes is a chronic disease with stable and unstable forms and associated
complications (Table 2.8). Codes for uncomplicated diabetes--generally Type 1l
diabetes, a long-term stable condition that can generally be managed in primary care
settings with occasional need for specialty consultation--are assigned to ADG-10
(Chronic Medical: Stable). Type | Diabetes is an Unstable, Chronic Disease, and
treatment almost certainly demands more resources than most Type Il Diabetes; thus,
Type | is assigned to ADG-11 (Chronic Medical: Unstable). Diabetes ketoacidosis
requires intensive medical management and holds the risk for hospitalization. Because
of its high severity and likelihood of recurrence (individuals with an episode of
ketoacidosis are at higher risk for recurrence than those who have never had this
complication), the ICD-10 code for diabetes with ketoacidosis is assigned to ADG-9
(Likely to Recur: Progressive), which is a major ADG associated with very high
expected resource consumption. Diabetic retinopathy is a complication of diabetes that
demands intense treatment from ophthalmologists; moreover, it is an unstable
condition in that once individuals experience the condition, they tend to get
progressively worse. Thus, the ICD-10 code for diabetic retinopathy is assigned to
ADG-18 (Chronic Specialty: Unstable--Eye).

Table 2.8 Diabetes ICD-10 Codes and Their Respective ADGs (40)

ICD-10 ADG
Code Label Code | Label
El1l Diabetes Mellitus | 10 Chronic Medical: Stable

Uncomplicated
E119 Diabetes Mellitus 11 Without 10 Chronic Medical: Stable

Complications
E111 Diabetes With Ketoacidosis 09* Likely to Recur: Progressive
H360 | Diabetic Retinopathy 18** | Chronic Specialty: Unstable-

Eye

*Major ADG, all ages
**Major ADG, children only
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For diabetes, during the assessment period, patient 1 had diagnosis codes

given only for uncomplicated diabetes mellitus and a routine medical exam and is

therefore classified into the ACG for patients with stable, chronic medical conditions
(ACG-0900). In contrast, patients 2 and 3 with diabetes are in ACGs that branch from

MAC-24 (combinations of ADGs not otherwise classified). This occurs because their

combinations of ADGs occur too infrequently to merit a separate ACG. Patients in

MAC-24 have both high levels of morbidity and high levels of health need. There is a

strong link between the total

number of ADGs/major ADGs and resource

consumption. The following patient types demonstrate the levels of diabetes mellitus,

ADGs, and associated costs.

Table 2.9 Patient 1: Low Cost Patient with Diabetes (40)

Input Data/Patient

Characteristics ACG Output

Resource

Age/Sex: 56/Male

ACG-4100: 2-3
Other ADG Combinations, age > 35

Conditions: Hypertension,
Disorder of lipid
metabolism, Glaucoma, and

Bursitis/synovitis

ADGs: 07, 10, and 18.

Likely to Recur: Discrete, Chronic
Medical:  Stable, and Chronic
Specialty: Unstable Eye

Total Cost: $318
Ambulatory visits: 2
>1 Hospitalization: N
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Table 2.10 Patient 2: High Cost Patient with Diabetes (40)

Input Data/Patient Characteristics ACG Output Resource

Age/Sex: 53/Male ACG-4430: 4-5 Total Cost: $1,968
Other ADG Combinations, Ambulatory visits: 7
Age >45, 2+Major >1 Hospitalization: N

Conditions: Hypertension, | Time Limited: Minor,
General medical exam, | Likely to Recur: Progressive,
Cardiovascular Chronic

symptoms; Ischemic heart | Medical: Stable, Chronic Medical:

disease, Disorders of lipoid | Unstable, Signs/Symptoms:
metabolism, Uncertain and
Debility/fatigue, Prevention/Administrative

Cerobrovascular

disease, Arthralgia, and

Bursitis/synovitis
*Major ADG, all ages

Table 2.11 Patient 3: Very High Cost Patient with Diabetes (40)

Input Data/Patient Characteristics ACG Output Resource

Age/Sex: 47/Male ACG- 4920: 6-9 Total Cost: $16,960
Other ADGs Combination, Age Ambulatory visits: 22
>35, 2 Majors >1 Hospitalization: Y

Conditions: ADGs: 07, 09*, 11*, 27, 28, and 31.

Hypertension, Likely to Recur: Discrete,

General medical exam, Likely to Recur: Progressive,

Ischemic heart disease, Chronic Medical: Stable, Chronic

Congenital heart disease, | Medical: Unstable,
Cardiac valve disorders, | Signs/Symptoms: Uncertain,
Gastrointestinal signs/ Signs/Symptoms: Major, and
symptoms, Diverticular | Prevention/Administrative
disease of colon, Chest
pain, and Lower
back pain

*Major ADG, all ages
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In summary, the principal information concerning the ACG system and the
grouping algorithms has been demonstrated. The end result of the grouping is that
each patient is allotted to one, and no more than one, ACG, depending on his/her
registered type or types of morbidity. Each one of the ICD-10 codes in this system is
assigned to one of 32 different types of morbidity, the Aggregated Diagnostic Groups
(ADGs), using a set of criteria as follows: likely persistence of the condition, grade of
severity, aetiology, diagnostic certainty, and need for speciality care. Thus each group
of the ADGs is a cluster of diagnoses that are homogenous with respect to these
criteria. These ADGs are the building blocks of the ACG.

Each ADG, either alone or in combinations with others, is assigned to one
or more of the 93 ACGs, describing the health status category of each patient. In some
cases the assignment of one or several ADGs to one ACG takes into account the age
and/or gender of the patient. This is shown by our two examples in Figure 2.2. Thus
each ACG is used as an average for a group of patients with the same constellation of
morbidity, and the ACGs describe the patterns of morbidity, thereby indicating the

need for care of each category of patients (22).
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(a) A male patient who has 1 ICD code that belongs to 1 ADG that is allotted to 1 ACG.
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(b) A female patient, 60 years of age, who has 4 ICD codes that belong to 3 ADGs that are allotted to

1 ACG.

Figure 2.2 Two examples, where both patients have diabetes, of allotting a patient to
an Adjusted Clinical Group (ACG) (22)
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Rx-PM: Medication-Defined Predictive Model (40)

The ACG System’s Rx-PM is a predictive model that is constructed from
outpatient pharmacy information, age, and sex. It is based on a newly developed
clinical model that organizes medications into Rx-defined morbidity groups (Rx-
MGs). These morbidity groups are used as risk factors in the Rx-PM, or in
applications involving prescribing pattern assessments.

Rx-PM is a predictive model for forecasting medication costs and it
performs well in applications that forecast total healthcare costs. Unlike diagnosis
based models which require several months of data before valid PM risk scores can be
assigned, Rx- PM risk scores can be assigned as soon as a patient’s full medication
regimen is known. This may be as soon as a clinical history is obtained, or a few
months later if claims records are the source. World Health Organization (WHO)

Anatomical Therapeutic Chemical (ATC) System codes can be data inputs for Rx-PM.

Anatomical Therapeutic Chemical (ATC) System (40)

The Anatomical Therapeutic Chemical (ATC) System serves as the World
Health Organization (WHO) standard for drug consumption studies. It is maintained
by the WHO Collaborating Centre for Drug Statistics Methodology.

In the Anatomical Therapeutic Chemical (ATC) classification system, the
drugs are divided into different groups according to the organ or system on which they
act in addition to their chemical, pharmacological, and therapeutic properties. Drugs
are classified into five different group levels. The drugs are divided into fourteen main
groups (1st level), with one pharmacological/therapeutic subgroup (2nd level). The 3™
and 4th levels are chemical/ pharmacological/therapeutic subgroups and the 5th level
is the chemical substance. The 2nd, 3rd and 4th levels are often used to identify
pharmacological subgroups when that is considered more appropriate than therapeutic
or chemical subgroups. Example of the complete classification of metformin is shown
in Table 2.12.
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Table 2.12 The complete classification of metformin illustrates the structure of the

code (40)

Level Description Group Level

A Alimentary tract and metabolism 1st level, anatomical main
group

Al0 Drugs used in diabetes 2nd level, therapeutic
subgroup

A10B Blood glucose lowering drugs, | 3rd level, pharmacological

excluding insulins subgroup
A10BA Biguanides 4th level, chemical subgroup
A10BA02 | A10BA02 Metformin 5th level, chemical substance

Therefore, in the ATC system, all plain metformin preparations are given
the code A10BAO02.

ATCs are classified based upon the therapeutic use of the main active
ingredient. In fact, the same generic substance can be given more than one ATC code
if it is available in two or more strengths or formulations with clearly different
therapeutic uses. However, an international classification system has the challenges of
capturing country specific, main therapeutic use of a drug that often results in several
different classification alternatives. As a general guideline, the ATC system has
attempted to assign such drugs to one code, the main indication being decided on the

basis of the available literature.

Rx-Defined Morbidity Groups (40)

The building blocks of Rx-PM are Rx-defined morbidity groups (Rx-
MGs). Each generic drug /route of administration combination is assigned to a single
Rx-MG. The specific clinical criteria that we used to assign medications to an Rx-MG
category were the primary anatomico-physiological system, morbidity differentiation,
expected duration, and severity of the morbidity type being targeted by the medication.
These four clinical dimensions not only characterize medications by morbidity type,

they also have major consequences for predictive modeling. Higher levels of
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differentiation, chronicity, and greater severity would all be expected to increase
resource use. Each of these criteria is discussed below.

1. Primary Anatomico-Physiological System

The Rx-MG classification system is organized into 19 Major
Rx-MG categories: 16 anatomico-physiological groupings; 1 general signs and
symptoms category; 1 toxic effects/adverse events group; and 1 other and non-specific
medications category.

2. Morbidity Differentiation

Very few medications are used for a single disease. Even
insulin treatment, which is employed in the management of diabetes, does not separate
patients into Type 1 and Type 2 diabetes, because it can be used to manage either
form. A single medication is often administered for multiple clinical indications; thus,
a medication classification system that is solely disease-based will not validly reflect
patient morbidity. Rx-MGs assign medications to a specific disease when there is a
logical 1-to-1 assignment (e.g., digoxin -congestive heart failure). However, most
medications are assigned to broader morbidity groups, which are reflective of the
patient’s underlying patho-physiology. Furthermore, a large amount of medication
treatment is for physically (e.g., pain medications) and emotionally (e.g., anxiolytics)
experienced body sensations. These symptoms are undifferentiated morbidities that
generally require palliative therapy. In contrast, specific medical diseases are more
differentiated morbidity types. Because we sought to create a comprehensive
classification system of medications, the Rx-MGs include categories for symptoms
(assigned to an acute minor category within an organ system grouping or to the
general signs and symptoms category), fully developed diseases that have a 1-to-1
correspondence with medication, and more general morbidity-types.

3. Expected Duration

This dimension refers to the expected time period that the
morbidity will require treatment and is used to characterize conditions as acute,
recurrent, or chronic. An acute condition is a time-limited morbidity that is expected to
last less than 12 months. The classic example of acute conditions is infections.
Recurrent conditions are episodic health problems. They tend to occur repeatedly, and

over time. Migraine headaches and gout are two examples of recurrent conditions.
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Each episode is time-limited and, in isolation, could be considered an acute health
problem. However, the repetitive occurrences may span several years with
asymptomatic inter-current periods; this episodic relapsing nature of the morbidity
type is the hallmark feature of recurrent morbidities. Chronic conditions are persistent
health states that generally last longer than 12 months.

4. Severity

The severity of morbidities refers to somewhat different
concepts for acute and recurrent /chronic conditions. For acute problems, morbidity
severity is related to the expected impact of the condition on the physiological stability
of the patient or the patient’s functional status. Low impact conditions have minimal
effects on functioning or physiological stability, whereas high impact problems can
have significant effects on the ability of an individual to perform daily activities. For
recurrent and chronic conditions, morbidity severity is related to the stability of the
problem over several years. Without adequate treatment, unstable chronic conditions
are expected to worsen over time, whereas stable conditions are expected to change

less rapidly.

ATC to Rx-MG Assignment Methodology (40)

1. Larger number of codes assigned. The ATC assignment involved
assigning close to 5,100 ATC codes (900 4th Level and nearly 4,200 5th Level ATC
codes) to an Rx-MG.

2. International variability. Incorporating international variability and off
label use was also considered. Literature was extensively reviewed for evidence of
alternate and prevalent international use of medications. Whenever evidence showed
that the predominant use of the medication was different from the FDA approved use,
the Rx- MG assignment was modified to reflect this.

3. Route of administration was not available for some ATC codes.
Route is not provided in the ATC dictionary for nearly 41% of the ATC codes.
However, this was not an impediment in establishing Rx-MG assignments due to the
fact that the ATC hierarchy is therapeutic centric; and, in almost every case, it

provides much more information than the drug/route combinations.
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In order to

preserve assignment consistency from the NDC based Rx-MGs, Drug/Route-to-Rx-

MG assignments were systematically reviewed and were considered as a guide when

making ATC-to-Rx-MG assignments.

Examples of Rx-MG categories, along with their distinguishing clinical

characteristics, is shown in Table 2.13.

To illustrate the content of each Rx-MG, Table 2.14 shows examples of a

set of exemplary medications for each category.

Table 2.13 Examples of Rx-MG Morbidity Taxonomy and Clinical Characteristics
of Medications Assigned to Each Rx-MG (40)

Severity
Acute Chronic and

Rx-Defined Differentiation Duration | Conditions: | Recurrent
Morbidity Group Impact Conditions:

Stability
Cardiovascular
Chronic Medical General Chronic - Stable
Congestive Heart | Disease Chronic - Unstable
Failure
High Blood Pressure Disease Chronic - Stable
Disorders of Lipid | Disease Chronic - Stable
Metabolism
Vascular Disorders General Chronic - Stable
Endocrine
Bone Disorders General Chronic - Stable
Chronic Medical General Chronic - Stable
Diabetes With Insulin | Disease Chronic - Unstable
Diabetes Without
Insulin Disease Chronic - Stable
Thyroid Disorders General Chronic - Stable
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Table 2.14 Exemplary Modifications and Therapeutic Classes for Each Rx-MG (40)

Rx-Defined Morbidity Group

Medication Examples

Cardiovascular

Chronic Medical

Congestive Heart Failure

High Blood Pressure
Disorders of Lipid Metabolism

Vascular Disorders

Oral Nitroglycerine, Antiarrhythmic Agents
Digoxin

Atenolol, Thiazide Diuretics, Lisinopril
HMG-Coa Reductase Inhibitors, Niacin

Subcutaneous Tinzaparin, Warfarin

Endocrine

Bone Disorders

Chronic Medical
Diabetes With Insulin
Diabetes Without Insulin

Bisphosphonates
Growth Hormones, Oral Mineralocorticoids
Insulin, Injectable Glucagon

Oral Metformin, Sulfonylureas

Thyroid Disorders Levothyroxine, Propylthiouracil

Part I11: International applications of ACG system

Past research indicates that morbidity burden assessment could add
considerably to the ability of health systems to make better use of data for planning
and evaluation. Current uses of the ACG System in health care systems worldwide
reflect the numerous applications for which the system was designed; namely,
profiling of populations, assessment of provider practices, more equitable resource
allocation, high-risk patient identification, and monitoring of interventions and policy
reforms as well as evaluating existing systems.

Table 2.15 summaries research using ACGs and its applications. Example

of its applications are as follow.

Profiling of populations or describe a population health

Population profiling is a technique for comparing the morbidity patterns of
one or more groups or regions. By taking into account the differences in illness burden
among different patient population, this system allow one to determine variations in
disease prevalence as well as resource use (40). Typically, population profiling is the
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first step to better understanding the health care needs of a population. For example,
for subpopulations that differ in age, gender, geographical region, ethnicity or other
characteristics, population profiling can assess the differences in health status and
identify the health care needs of special groups. Population profiling can also help
explain variability in referral rates and differences in primary care services costs by
linking these changes to changes in morbidity of the populations compared. Having a
solid knowledge of the morbidity pattern of different populations also allows for the
accurate evaluation of the efficiency of different healthcare practices, as well as the
equitable setting of capitation payments.

Monitoring the health status of a population may be desirable for purposes
of setting health policy or demonstrating value to health purchasers. As a population
ages, health may be expected to decline, but interventions to improve population
health may improve or reverse that trend. The monitoring of morbidity burden across
populations has facilitated comparisons of population segments in other countries,
across both regional boundaries and socio-economic groups as well as by ethnicity,
with insights into the presence of variance in disease prevalence that enable more
targeted interventions (41).

The approach using the ACG system yields a pattern of the burden of
morbidity in a defined population from the clinical logic because patients in the same
ACG have a similar need for health care resources. The ACG system expected to
perform reasonably well in accounting for severity associated co-morbidities among
patients with chronic illness. These results suggest that the ACG system performs
reasonable well in accounting for needs and co-morbidity at either individual diseases
or group level (42). It seeks to accomplish the needs indicators and link services to
individuals at the level of individual by clustering morbidities into clinical meaningful
categories of health care need (18, 19, 22, 26, 43).

Profiling of providers or Performance Assessment

Performance profiling is often viewed skeptically by targeted providers.
To be successful, performance profiling must address important differences in case-
mix and the often-stated concern that “my patients are sicker” (14). The key to

provider acceptance of performance reporting is the transparency and underlying
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clinical integrity of the adjustment process. For examples, recognizing that physicians’
practice behavior varies, the Ministry of Health in British Columbia, Canada, has used
the ACG System to evaluate physicians and detect true cases of fraud and abuse. Prior
to the introduction of the ACG System, audit results showed that, in 3 out of 4 cases,
high healthcare expenses were justified by a sicker patient pool. After the ACG system
was extensively evaluated, subsequent audit results showed that unjustified healthcare
expenses were actually confirmed in 3 out of 4 cases identified (44). Several
applications such as in the United States managed care providers, ACGs used for

adjusting prospective payment rates and profiling of providers performance (45-47).

Care Management (including case management, disease management
and high risk case identification)

The ACGs describe the health service needs across the full range of health
problems that physicians see in health care institutions. The overall intent of ACGs is
to estimate an individual’s health status in relation to health service need based on age,
sex, and the grouping of diagnoses assigned to individuals over a defined time.
Diagnoses are logically grouped into morbidity categories based on several clinical
attributes or co-morbidity (48). The ACG system can provides the basis for further
analysis of health in patient groups such as measuring of health risk (49, 50), quality
of care improvement (51-53).

ACG predictive modeling provides information at the individual patient
level to help identify persons who potentially would be well served by special
attention from the organization’s care management infrastructure (54). This high-risk
case identification process could be used to target a person for interventions such as a
referral to a case-manager, special communication with the patient’s physician,
structured disease management programs, or educational outreach. This application
has been gaining in importance as demonstrated by experiences in Germany and the
US as well as the UK. Given the limited resources present in every health care system,
targeting individuals who could most benefit by early detection and intervention is a

prudent way to utilize those limited resources (55).
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Resource allocation and profiling resource use

With the increasing number of chronically ill individuals, the need for
morbidity adjusted resource allocation that considers a wider range of characteristics
than simply age, gender and geography is critical. The ACG system has used to
describe differences in the pattern of illness in population and used to stratify
population into clinically meaningful groups for profiling the practices of
practitioners. Furthermore, it used as a method for studying resource use and planning
for resource needs of population. The morbidity categories reflect the mix conditions
that patients face and thus are use for case-mix adjusting patient-based capitation
payments (56). Perhaps the most common administrative use of the ACG System is in
the distribution of budgets — both regionally (as in Sweden) as well as to individual
clinics (as in Spain) (14). In Sweden, where people were given the choice of a public
or a private primary care provider, those choosing to stay with a public primary care
provider had higher morbidity burdens as determined by the ACG method (57). By
applying case-mix to payment formulas, a health care authority is able to ensure that

payment is provided according to the needs of patients (58).

Evaluation of quality, efficiency, and equity of care

ACG is currently used for measuring differential morbidity burden of
populations and describing for cost, quality and efficiency of health care service
worldwide such as in the United Kingdom (59), Canada (56), Sweden (21, 43), and
Spain (23, 60). ACG is an important tool for evaluating both quality and costs of care.
All comparisons of quality of care require standardization of initial morbidity before
evaluating differences in the results. Differences in the expenditure of resources
between health systems may result from variations in the extent of morbidity in the
populations. Since some populations may be sicker than others and require a different
type of care even for the same condition under investigation. The use of outcome
measures is an essential element for understanding the quality of care. When
comparing outcomes, risk adjustment is necessary to ensure that differences in the
outcome are not the result of differences in the baseline characteristics of the
population being served. Without adequate risk adjustment, poor performers will

always be able to argue “our patients are sicker.” For examples, ACG adjustment



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 45

assist in controlling for the health status or illness burden across patients when
monitoring the use of specialist or sub-specialist and generalist of children with
chronic conditions across insurance plan (61). In addition, ACG model could be used
to examine the impact of co-morbidities on predicting stroke rehabilitation outcomes
in assessing quality of care (62).

Furthermore, two recent studies from Ontario, Canada, demonstrated the
ability of the ACG system in; (1) assessing outcome in health service by using ADGs
to predict mortality in a general ambulatory population cohort (63); and (2) evaluating
the equity of age-sex adjusted primary care capitation payment (64).

Other applications of ACG system such as; explaining and predicting
prescription drug expenditure and use in Canada (65), and Spain (66, 67); explaining
the variation in healthcare cost and predicting future health care utilization by
incorporating pharmacy data (Rx-MGs) into predictive model (24, 28). Therefore,
countries or regions that routinely collect prescription claim data, the Rx-MGs within
ACG case-mix system could be applied to predict healthcare utilization as well as
allocate resources for healthcare.

In summary, ACGs represent a significant advance in measuring health
care need in populations. For policy makers and health administrators, the ACG
system is particularly attractive because it uses existing data such as medical care
claims or hospital administrative database. ACGs are available as proprietary software
products that can be applied to the data systems of most health care organizations and
are used currently used by the Center for Medicare and Medicaid Studies and many
private and commercial health care companies. This feature is particularly important
for populations that may be unstable in the nature of illness and performance of health

care services.

Experiences of ACG applications in Thailand

In Thailand, Ambulatory case-mix development work was done in 2004 by
researchers at Centre for Health Equity Monitoring (CHEM), Naresuan University.
Feasibility testing of the ACG was done from the national health insurance database of
2002. This case-mix systems was technically feasible but needed more complete data

especially on delivery of pregnant woman (29). After that, ACGs was used to examine
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a burden of illness for outpatient care in the social security scheme (SSS) population.
The burden of illness in a social security population can be described in terms of ACG
case-mix using the individual data for outpatient care. The results showed that
differences between health service utilization and annual charge between health care
sectors were the result of differences of inputs and outputs in the defined populations
according to their morbidity patterns. ACG can be used to measure morbidity in the
population and its application for resources allocation to providers of health services
(31). Furthermore, ACG was used to determine the cost of chronic illness for
outpatient services at general hospitals and develop a predictive model for outpatient
cost by comparing with the Charlson Comorbidity Index (CCI). This retrospective
study included patients attending 22 large general hospitals in Thailand during the year
2008. Hospital and pharmacy cost data for outpatients were obtained from a hospital-
based computer system, and the results demonstrated that the co-morbidity index
adapted from ACGs had a higher influence on the predictive model for outpatient cost
of chronic diseases than the CCI (30). Therefore, the ACG System appears to be the
suitable co-morbidity measure for explaining and predicting healthcare cost in an
outpatient setting.

In conclusion, several previous studies in Thailand have demonstrated that
ACG can be used to measure morbidity in the population and its application for
resources allocation to providers of health services in Thai context. However, these
studies included only diagnosis information, age and gender for incorporating into
ACG system. With drug information available, it will be interesting to evaluate how a
pharmacy-based risk adjustment model, ACG system’s Rx-MG, works in evaluating

drug utilization pattern of patients with chronic diseases.
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CHAPTER I
METHODOLOGY

This chapter provides a description of research methodology including
research design, study location, study period, study population, data source, data

collection and data analysis.

Research design
This research is retrospective cohort study of longitudinal data using a

regional hospital’s electronic databases for 4 consecutive years (2008-2011).

Study location
Buddhachinaraj Hospital, a 1,000-bed regional hospital in Phitsanulok,

where electronic database is available and ethics committee has approved the study

(October 19", 2011).

Study period
Data recorded during fiscal year 2008-2011 (October 1%, 2007 to
September 30", 2011) were studied.

Study population
Included patients were required to have at least one diabetes-related visit
per year, for 4 consecutive years (2008-2011) at outpatient service, Buddhachinaraj

Hospital, Phitsanulok.
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Data source

Inpatient and outpatient utilization data were obtained from electronic
health insurance database (68), medication use and laboratory data information were
obtained from pharmacy and laboratory databases from Buddhachinaraj Hospital,

Phitsanulok (see in appendix A-C).

Study procedure and data collection

The Johns Hopkins ACG software version 9 was used as a tool for

incorporating information from three data sources.

1. Patient Identification and classification
ACG software identified numbers of diabetic condition according to
diagnosis (ICD-10 code) and/or pharmacy information such as medication in groups of

oral hypoglycemic drug and insulin.

2. Characteristic of patient population

Demographics of diabetic patient such as age, gender, health insurance
scheme, and patient co-morbidity are obtained by ACG software from electronic
health insurance database (standard dataset 12 file).

Age was categorized into age band, possible values include: 00-04, 05-11,
12-17, 18-34, 35-44, 45-54, 55-69, 70-74, 75-79, 80-84, and 85+

Type of health insurance were classified as universal coverage (UC),
social security scheme (SSS), civil servant medical benefit scheme (CSMBS), and out
of pocket payment.

For co-morbidity, from ICD-10 code and patient medication, the software
automatically demonstrated 19 chronic conditions. Five chronic conditions were
chosen in this study: hypertension, hyperlipidemia, chronic renal failure, chronic heart

failure, and ischemic heart disease.
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3. Morbidity burden in diabetic patient by ACG grouping

The construction of an ACG requires the age, gender and diagnoses
according to the ICD-10 code. The process of converting ICD-10 code to ACG
consists of 4 stages: the first two group a series of conditions according to similarity of
resource consumption and the second two combine the most-common groupings: a)
ICD-10 code diagnoses are grouped into 32 Ambulatory Diagnostic Groups (ADG), of
which a patient may have one or more; b) ADG are transformed into 12 Collapsed
Ambulatory Diagnostic Groups (CADG); ¢) CADG are transformed into 25 Major
Ambulatory Categories (MAC); and d) MAC are transformed into ACG.

Then, the ACG software will assign each patient to a resource iso-
consumption group, by providing the resource utilization bands (RUB), which group
each patient into one of five mutually-exclusive categories,1) healthy users, 2) low
morbidity, 3) moderate morbidity, 4) high morbidity, and 5) very-high morbidity)
according to morbidity.

For medication data collected outside the U.S., an international mapping
algorithm within the ACG system also performs the Rx-MGs assignment based on the
WHO Anatomical Therapeutic Chemical (ATC) classification (69). Therefore, in this
study, the prescription codes within the claim data were first mapped to the WHO
ATC codes, then entered into the Johns Hopkins ACG system for Rx-MGs

assignment, which categorized patient medication into 60 Rx-MGs groups.

4. Performance measures in diabetes management

Data from hospital laboratory information system (hemoglobin Alc, lipid
profiles, and microalbuminuria) were linked with output from ACG software to
monitor outcomes of care such as:

- HbAIlc quarterly,

- Lipid profile yearly, and

- Urine testing for protein yearly
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Data analysis

All data output from ACG software (see table 3.1) were analyzed by SPSS
version 13.0 and Microsoft Excel 2007.

1. Patient characteristic
Age, gender, health insurance scheme and patient’s co-morbidities were
analyzed by descriptive statistics (frequency, mean and percentage) for each fiscal

year.

2. Morbidity burden in diabetic patient by ACG grouping

Diabetic patient’s morbidities were described and compared according to
their assigned ADGs and ACGs between 2008 and 2011. Number of unique ADGs
and major ADGs were counted. Distributions of the cohort population according to
their assigned ADGs and ACGs in each year were plotted and compared from 2008 to
2011. Friedman’s test was used to compare distribution of ACGs between the four
years (p<0.05). The mean number of outpatient, inpatient visits and expenditures per
diabetic patient per year for each top ten ACG categories were compared between
2008 and 2011. Frequency and percent of patients in each RUBs were presented.

Distributions of Rx-MGs categories in diabetic patients were described
and compared from 2008 to 2011, to demonstrate drug utilization pattern. Mean
number of Rx-MGs and drug expenditure in most frequent ACGs between the four

years, were assessed.

3. Healthcare resource use
Utilization of service
Outpatient visit, emergency room visit and inpatient
hospitalization were identified from electronic health insurance database (standard
dataset 12 file). The output from software showed the number of visit per individual
patient each year.
Utilization rate is the total number of times that a patient

comes for treatment in hospital during a period of time. This rate was determined
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separately for outpatient and inpatient. Comparison of utilization rate each year
between 2008 and 2011 were determined.

Healthcare expenditure

Healthcare expenditures are charge of treatment per diabetic
patient each year, which classified into 2 groups, drug and other service, for outpatient
and inpatient services. In order to compare between years, all expenditures were
adjusted at 2008 price by using consumer price index (70).

Total expenditures were sum of all service expenditures
(charges) during treatment in hospital, separated for outpatient and inpatient. Drug and
total expenditures per patient each year between the four years, were determined.

In addition, utilization of service and healthcare expenditure of
diabetic patient were determined for each subgroup among three different health

insurance schemes

4. Performance measures in diabetes management

Result of each laboratory test at the last date each year from 2008 to 2011
was used to calculate at target control according to ADA recommendation (HbAlc <
7%, LDL cholesterol < 100 mg/dl, and urine albumin excretion < 30 pg/mg
creatinine). Number of laboratory tests (HbAlc, LDL cholesterol, microalbuminuria
screening) in diabetic patient were described in frequency and percent. The proportion
of diabetic patients with good control, were presented.

With drug code in prescription data from pharmacy database, could be
identified intermediate outcomes such as:

- ACEI (or ARB) if hypertensive

- Statin if hyperlipidemia

Table 3.1 presents the patient list analysis generated as the output of the

ACG system as a single row per patient.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 57

Table 3.1 Patient List Analysis Report Layout

Column Name

Definition

Patient ID

The patient’s unique identifier

Age

The patient’s age in years

Health insurance scheme

Type of health insurance were classified as universal
coverage (UC), social security scheme (SSS), civil
servant medical benefit scheme (CSMBS), and out of

pocket payment.

Age Band

A banded indicator of patient age. Possible values
include:
* 00-04
* 05-11
« 12-17
* 18-34
*35-44
*45-54
* 55-69
* 70-74
* 75-79
* 80-84
* 85+

Outpatient visit

Number of outpatient visit for this patient during the

observation period.

Emergency room visit

Number of emergency room visit for this patient

during the observation period.

Inpatient hospitalization

Number of hospitalization for this patient during the

observation period.

Total expenditure

The total medical and drug expenditures for this

patient during the observation period.

Drug expenditure

The total drug expenditures for this patient during the

observation period.




Roongkarn Pannarunothai

Methodology / 58

Table 3.1 Patient List Analysis Report Layout (cont.)

Column Name

Definition

Outpatient expenditure

The total medical and drug expenditures for outpatient

service of this patient during the observation period.

Inpatient expenditure

The total medical and drug expenditures for inpatient

service of this patient during the observation period.

ADG Codes

Aggregated Diagnosis Groups -- the building blocks of
the ACG System, each ADG is a grouping of diagnosis
codes that are similar in terms of severity and
likelihood of persistence of the health condition over

time.

Major ADG Count

The number of major ADGs assigned to this patient.

A "major ADG" is an ADG found to have a significant
impact on concurrent or future resource consumption.
There are separate "major ADGs" for pediatric and

adult populations.

ACG Code

Adjusted Clinical Groups -- the ACG code assigned to
this patient. ACGs assign persons to unique, mutually
exclusive morbidity categories based on patterns of

disease and expected resource requirements.

Resource Utilization Band

Aggregations of ACGs based upon estimates of
concurrent resource use providing a way of separating
the population into broad co-morbidity groupings as
follows:

* 1 - Healthy Users

*2-Low

* 3 - Moderate

* 4 - High

* 5 - Very High

Rx-MG Codes

Pharmacy Morbidity Group Codes -- all of the Rx-MG

codes assigned to this patient.
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Table 3.1 Patient List Analysis Report Layout (cont.)

Column Name Definition
Major Rx-MG Codes Major Pharmacy Morbidity Group Codes -- All of the

Major Rx-MG codes assigned to this patient.

Chronic Condition Count | A count chronic condition with significant expected

duration and resource requirements.

Diabetes A flag indicating if this patient has this medical

condition and how it was indicated

Hyperlipidemia A flag indicating if this patient has this medical

condition and how it was indicated

Hypertension A flag indicating if this patient has this medical

condition and how it was indicated

Ischemic heart disease A flag indicating if this patient has this medical

condition and how it was indicated

Congestive Heart Failure | A flag indicating if this patient has this medical

condition and how it was indicated

Chronic Renal Failure A flag indicating if this patient has this medical

condition and how it was indicated
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CHAPTER IV
RESULTS

The results are divided into four parts as:

Part I Patient characteristics,

Part 11 Morbidity pattern of diabetic patients by ACG® software,

Part I Determination of resource utilization and healthcare expenditure

Part IV~ Performance measures in diabetes management

Part | Patient characteristics

This study recruited 5,535 diabetic patients who attended at least one
diabetes-related visit per year for 4 consecutive years (from 2008 to 2011).
Approximately 66% were female and 37% aged 65 and over. Slightly more than half
of diabetic patients were under the Universal Coverage Scheme (UC), 44% of diabetic
patients were under the Civil Servant Medical Benefit Scheme (CSMBS) and
approximately 4% of diabetic patients were under the Social Security Scheme (SSS)
(see Table 4.1).

Approximately, a half of patients had 6-10 outpatient visits per year. One-
fifth of patients had at least 1 emergency visit, and one-sixth of patients had at least 1
inpatient hospitalization each year from 2008 to 2011.

Except diabetic, hypertension and hyperlipidemia are the two most assign
chronic conditions. Table 4.1 shows that the percentage of diabetic patients with co-
morbidities such as hypertention, hyperlipidemia, chronic heart failure, chronic renal
failure, and ischemic heart disease was increased consistently from 2008 to 2011.

Comparing 2011 to that in 2008, %maximum change was in chronic renal
failure, which increased nearly 4-fold, follow by chronic heart failure, hypertention,

hyperlipidemia, and ischemic heart disease.
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Table 4.1 Characteristics of 5,535 diabetic patients at Buddhachinaraj Hospital

2008 2009 2010 2011

Characteristics n % n % n % n %
Age band

0-17 19 0.34 18 0.33 17 0.31 15 0.27

18-44 417 7.53 350 6.32 292 5.28 257 4.64

45-64 3,052 55.14 2,947 53.24 2,845 51.40 2,707 48.91

>65 2,047 | 3698 | 2,220 | 40.11 2,381 43.02 | 2,556 46.18
Mean age (S. D.) 60.34(11.57) 61.34(11.56) 62.34(11.56) 63.32(11.54)
Health insurance scheme
Self-pay 7 0.13 4 0.07 4 0.07 8 0.14
CSMBS 2,458 44.41 2,456 44 .37 2,450 44.26 2,445 44.17
SSS 272 491 265 4.79 247 4.46 243 4.39
ucC 2,798 50.55 | 2,810 | 50.77 | 2,833 51.18 | 2,839 51.29
Outpatient visit
15 1,448 26.16 1,580 28.55 1,880 33.97 2,054 37.11
6 10 2,859 | 51.65 | 2,746 | 49.61 2,536 | 45.82 | 2,508 45.31
11 15 818 14.78 | 795 1436 | 697 12.59 | 585 10.57
>16 410 7.41 414 7.48 422 7.62 388 7.01
Emergency visit
0 4,277 | 7727 | 4,371 78.97 | 4,332 | 7827 | 4,356 78.70
1 784 14.16 | 723 13.06 | 701 12.66 | 697 12.59
2 257 4.64 230 4.16 246 4.44 240 4.34
3 92 1.66 96 1.73 98 1.77 104 1.88
4 54 0.98 43 0.78 53 0.96 49 0.89
>5 71 1.28 72 1.30 105 1.90 89 1.61
Hospitalization
0 4,668 84.34 | 4,770 | 86.18 | 4,739 | 85.62 | 4,546 82.13
1 605 10.93 519 9.38 531 9.59 641 11.58
2 159 2.87 160 2.89 143 2.58 180 3.25
3 68 1.23 47 0.85 51 0.92 72 1.30
4 18 0.33 15 0.27 29 0.52 36 0.65
>5 17 0.31 24 0.43 42 0.76 60 1.08
Co-morbidities
Hypertention 4,659 | 84.17 | 4,894 | 88.42 | 4,962 | 89.65 5,088 91.92
Hyperlipidemia 4,342 | 7845 | 4,516 | 81.59 | 4,647 | 83.96 | 4,741 85.65
Chronic heart failure 626 11.31 722 13.04 746 13.48 779 14.07
Chronic renal failure 125 2.26 243 4.39 325 5.87 489 8.83
Ischemic heart disease 369 6.67 369 6.67 344 6.21 377 6.81
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Part 11 Morbidity patterns of diabetic patients by ACG® software

2.1 ADG assignment

ACG"™ software used the patients’ data from health insurance database
each year, and assigned all ICD-10 codes to one of 32 Adjusted Diagnosis Groups, or
ADGs. The distribution of each of the 32 ADGs in the study population is described in
Table 4.2.

The occurrences of the diabetic patients’ ADGs ranged from a low of
0.07% (ADG 17: Chronic Specialty: Unstable-Ear, Nose, Throat) to a high of 98.50%
(ADG 10: Chronic Medical: Stable) in 2008, and from a low of 0.04% (ADGI17:
Chronic Specialty: Unstable-Ear, Nose, Throat) to a high of 98.74% (ADG 10:
Chronic Medical: Stable) in 2011.

The study population had parallel ADG distributions from 2008 to 2011as
shown in Figure 4.1. The most frequently assigned ADG was ADG 10: Chronic
Medical: Stable (98.14-98.74%), followed by ADG 11: Chronic Medical: Unstable
(31.58-36.17%), ADG 31: Prevention/Administrative (21.63-26.12%), ADG 7: Likely
to Recur: Discrete (14.91-16.04%), and ADG 2: Time Limited: Minor-Primary
Infections (14.51-15.14%).

ADGs

e==2008 =={ll= 2009 2010 e 2011

120.00

100.00 5t

80.00

60.00

%Patient

40.00

20.00

0.00 — 8 \ o a
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

Figure 4.1 The Adjusted Diagnosis Groups (ADGs) distribution across 4 years.



M.Sc. in Pharm. (Pharmacy Administration) / 63

Fac. of Grad. Studies, Mahidol Univ.

69'C 6v1 69'C 6v1 ¥9'C 9¥1 68'C 091 o180[01eWId 0T
60'6 €0$ 858 SLy (4] Sy L6'L 844 akg-o[qeisun) :Ayferoadg oruory) g
00 4 $0°0 3 200 I L0°0 ¥ JeoIy, 9soN ‘Teg-o[qeisu) :Ayferoadg druory) L[
€10 L L0°0 v 110 9 v1°0 8 o1padoyiQ-ajqesun :Ajferdadg omomy) 91
07’8 v 0L'L 9T YL 10% ST'L 96€ okg-o1qels :Kyeroadg oruory) 1
43! 8 9¢'1 SL L0’ 65 €01 LS Jeory [, ‘osoN “Teg-o[qels :Ayeroadg oruory) ¢
68°0 6v 68°0 6v 66'0 S 80’1 09 orpadoyu-2[qels :Aijerdadg druory) |
L1°9¢ 200°T €9°C¢ 908°T €T S6L'T | 8S'I¢€ 8YL1 9qEISU() :[BOIPAN dTUoIYD [ [
L'86 S9¥'s €786 LEV'S 186 eS| 0586 TSH'S 9qEIS [EQIPIJA DIUOIY) O
L6°€E1 €LL L9T1 9%9 1111 S19 | LO'TI €19 OAISSAIZ01J 1IN0 0} K[YI'T 6
£€6'S 43 §S'¢ LO€E 8€°S 86 €09 43 SUOIORFUT-2J010SI(] :INIAY 0 A[ONI'T 8
91°SI 68 1671 T8 1761 w8 | $091 888 9J2108I(] :INOAY 03 A[IT L
80'C 11 $6'1 801 L6'T 601 88'1 v01 BUIISY 9
11¢ LI 8Y'C LET LT 0ST 07T 14! SQISIONY §
SL'S 81¢ 10t (444 €h'¢ 061 $9'¢ 20 suonoayu] ATewtid-Iofe :paywuI QW[ 4
68°S 97¢ L6y LT 95°¢ 80€ 80°S 18C Jofey] :poywI dwI ] ¢
0841 618 691 €18 54! €08 | vISI 8¢8 SUONOdFU] ATeWLIJ-IOUTJAL :PIJIWIT QWI], T
81'8 394 0S°L Sy 98°L 34 65°6 1€S JOUIJA] :pAYIWI] QW] |
% N % N % N % N (5e5'G=N [e101)
TT0Z Je9A 0T0Z 1edA 6002 189 800Z 1A uondudse@ ® 9AY

rendsoy [ereuryoeyppng e syuaned onaqerp Jo DAV Aq suroned ANPIQION 7' A1qeL




Results / 64

Roongkarn Pannarunothai

vLST 1L8 | €VLT 8IS°T 899 0LE 96'S 0€€ [eyua( ¢
81°0 01 600 S 81°0 01 020 11 Aoueudald ¢¢
$8'C 8ST LT 0zl €1'C 811 SL'T L6 KoueuSIeN 7¢
219t 9PF'1 | 88°€T TeEl £€9°1C L61°1 1L°7C LST'T OANEXSIUIUPY /UONUSARI] ¢
6°0 s 0L0 6€ 860 vS 68°0 6 aInsseay pue 29g (¢
v0'€ 891 08'C 39! L8C 6S1 e 8LI Areuona1osi( 67
AN 779 81'8 €St 67’8 0Ly €€'8 19% Jofepy :swoydwiAg/susig 8¢
LS'El ISL|  6£01 SLS 1201 $9¢ VL6 6£S urepoou) :swopdwAg/susis £z
L601 L09 | 7901 88¢ SL 01 565 6711 9€9 Tourjy :swopdwAg/susig 97
9T vl 9 94! 9°¢C 54! 97T 4! 9[qEISU[) JUD}SISIO] IO JUSLINOIY :[BIO0SOYIAS] §T
80'C ST1 e €zl 66'1 011 8¥'C LE1 9QEIS JUSISISIO JO JUILINOTY ([BIO0SOYIASJ T
$9°0 9¢ vL0 Iy L0 |14 69°0 8¢ IOUTJAl ‘PO dUIL, {[E100SOYIAS] €T
6€Y €T $Sy st 96'¢ 61¢ €8¢ 4% TolejA] :s109)J 9s10ApY//soLnfuf zg
61t (434 09°€ 661 81'¢ 9Ll St'e 161 TOUTJA] :S)9QJF 9sI0APY//soLmfuy [
% N % N % N % N (5e5'G=N [e101)
TT0Z Je3A 0T0Z Je3A 6002 JBaA 800Z 1BaA uonduossa % 9av

("u09) Tendsoy [ereuryoeyppng e syuaned dnaqerp Jo HAV £q surdned ANPIQION 7' S[qeL




Fac. of Grad. Studies, Mahidol Univ.

Noting that, as the ADGs are not mutually exclusive, subjects with a

diagnosis in a given ADG can also have diagnoses within other ADGs. The number of
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distinct ADGs in which subjects had diagnoses ranged from 0 to 17 each year.

Table 4.3 shows the number of unique ADGs per person per year, 66% of
this population had one to three unique ADGs, 27% had four to six ADGs, and 7% had

seven or more ADGs. These diabetic patients were assigned to an average of 2.98

unique ADGs per person in 2008 and increased slightly to 3.31 in 2011.

Table 4.3 Number of ADGs per patient per year (N=5,535)

Number Year 2008 Year 2009 Year 2010 Year 2011

of ADGs N % N % N % N %

0 17 0.31 28 0.51 24 0.43 2 0.04
1 1,312 23.70 | 1,437 | 25.96 | 1,268 2291 1,254 22.66
2 1,383 2499 | 1,371 | 24.77 | 1,206 21.79 1,237 22.35
3 1,089 19.67 | 999 18.05 | 1,052 19.01 968 17.49
4 708 12.79 | 688 12.43 | 753 13.60 678 12.25
5 474 8.56 441 7.97 483 8.73 526 9.50
6 244 4.41 224 4.05 323 5.84 343 6.20
7 140 2.53 140 2.53 183 331 231 4.17
8+ 168 3.04 207 3.74 243 4.39 296 5.35
Mean (SD) 2.98(1.91) 2.95(1.99) 3.20(2.11) 3.31(2.19)

Major ADGs are the ADG with very high-expected resource consumption.
An example of a major ADG is the uncontrolled type 1 DM, which falls into ADG 11
(Chronic Medical: Unstable). On the other hand, stable, controlled DM falls into ADG
10 (Chronic Medical: Stable), which is not a major ADG. The occurrence of major

ADGs in this population is described in table 4.4. Approximately 40% of patients had

at least 1 major ADG count.
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Table 4.4 Number of major ADGs per patient per year

Number Year 2008 Year 2009 Year 2010 Year 2011

of major ADGs | N % N % N % N %

0 3,204 57.89 3,195 57.72 3,162 57.13 | 2,938 53.08
1 1,553 28.06 1,522 27.50 1,523 27.52 | 1,560 28.18
2 625 11.29 622 11.24 651 11.76 | 765 13.82
3+ 153 2.76 196 3.54 199 3.59 272 491

2.2 ACG assignment

The diabetic patient’s total number of unique ADGs, major ADGs,
together with his/her age and gender, were used to group each case into mutually
exclusive morbidity clusters, namely Adjusted Clinical Groups or ACGs. Each
individual was assigned 1 or more ADGs but only 1 of the total 93 ACGs in a given
year. The ACG distributions of study population are shown in table 4.5. For ACG
assignment, the distribution patterns among ACGs were substantially consistent but
unequally distributed across the 4 years (figure 4.2). No statistical significant
difference (p<0.05) in distribution of the ACGs between the four years was found.
Most of diabetic patients could be classified into 40, 45, 37, and 35 ACGs in fiscal
year 2008, 2009, 2010, and 2011, respectively. Approximately 80% of patients were
assigned to only 5 ACGs, included ACG 4100 (2-3 Other ADG Combinations, Age
35+), ACG 0900 (Chronic medical, stable), ACG 4430 (4-5 Other ADG
Combinations, Age 45+, 2+ Major ADGs), ACG 4420 (4-5 Other ADG Combinations,
Age 45+, 1 Major ADGs) and ACG 2300 (Chronic medical: stable and acute minor).
In order to better understand the ACGs, the variation among top ten ACGs category
was presented in figure 4.3.

The overview gave the distributions for the four years, of the most
common ACGs found among 5,535 cases of diabetes in this study. More than a third
of cases were ACG 4410 2-3 Other ADG Combinations, Age 35+, which changed a
little each year (2.31%). The maximum shifts of assigned ACGs in each year was
4.79%, and this was in ACG 0900 Chronic medical, stable, which was the second
frequently assigned ACGs. The ten most frequent ACGs comprised about 96% of all
diabetic patients. The most severe cases in figure 4.3 were ACG4930 6-9 Other ADG
Combinations, Age 35+, 3 Major ADGs, which had slightly increased from 1.32% in
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2008 to0 2.31% in 2011. To understand discrimination effects of the ACG casemix, the
average number of outpatient visit and average outpatient expenditure were shown in
table 4.6. Cases in the more severe ACGs had higher outpatient expenditures and more
frequent outpatient visits than the less severe cases. In addition, Table 4.7 show the

average number of hospitalization and inpatient expenditure of top ten ACGs.
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% of patients
35.00 -
30.00 -
25.00 -
= 2008
20.00 - 2009
=2010
15.00 -
m2011
10.00 -
5.00 -
0.00 -
4100 0900 2300 4420 4430 4410 4910 4920 3600 4930 ACG
Range (%) ACG code Description
2.31 4100 2-3 Other ADG Combinations, Age 35+
4.79 0900 Chronic medical, stable
2.35 2300 Chronic medical: stable and Acute minor
1.52 4420 4-5 Other ADG Combinations, Age 45+, 1 Major ADGs
1.84 4430 4-5 Other ADG Combinations, Age 45+, 2+ Major ADGs
1.10 4410 4-5 Other ADG Combinations, Age 45+, no Major ADGs
1.39 4910 6-9 Other ADG Combinations, Age 35+, 0-1 Major ADGs
1.64 4920 6-9 Other ADG Combinations, Age 35+, 2 Major ADGs
0.43 3600 Acute Minor/Acute Major/Likely to Recur/Chronic Medical: Stable
0.99 4930 6-9 Other ADG Combinations, Age 35+, 3 Major ADGs

Figure 4.3 The distributions of ACGs in diabetic patients during the period 2008-

2011, excluding ACGs comprising < 1% of the total patients
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When comparing an outpatient visit per patient each year in top ten ACGs
which approximately composed of 96% of these diabetic patients, the highest was
18.18 (SD=20.73), and this was in ACG4910 in 2011, followed by ACG4920 and
ACG4930. While, the lowest was 5.35 (SD=5.01), and this was in ACG0900 in 2011,
followed by ACG2300 and ACG4100 (tables 4.6).

To consider an average of outpatient expenditure per patient, the highest
was 39,057 Baht (SD=57,494), and this was in ACG4930 (RUB 5 very high
morbidity) in 2008, followed by ACG4430 and ACG 4920. While, the lowest was
8,166 Baht (SD=8,241), and this was in ACG2300 in 2011, followed by ACG0900
and ACG4100.

Furthermore, from tables 4.7, the maximum average number of
hospitalization was 2.61 (SD=2.70), and was in ACG4930 in 2011, followed by
ACG4920 and ACG4930. While, the minimum was in the low morbidity groups,
ACG0900 and ACG2300. When considering an hospitalization expenditure, the
highest also was in ACG 4930 in 2011, which represents adults with 6-9 ADG
combinations, age 35+, 0-1 major ADGs, had mean hospitalization expenditure of
45,507 Baht (SD=73,225), and the lowest was in ACG0900, which represents chronic
medical, stable conditions, with mean hospitalization expenditure of 19 Baht
(SD=306) in 2011.

The details of outpatient and hospitalization expenditures in most frequent

ACGs are also shown in appendix D and E.
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2.3 Resource Utilization Bands (RUBS) assignment

The ACG system automatically collapses the full set of ACG categories to
five simplified morbidity categories termed resource utilization bands (RUBs),
including healthy users (RUB 1), low (RUB 2), moderate (RUB 3), high (RUB 4), and
very high (RUB 5) morbidity groups.

Table 4.8 illustrates the distributions in resource utilization bands (RUBs)
of diabetic patients across 4 years. More than 80% of these patients were classified as
low to moderate users. The proportion of RUBs 4 and 5 or high and very high users

was increased quite rapidly across 4 years.

Table 4.8 The distributions in RUBs of diabetic patients across 4 years

2008 2009 2010 2011
RUB N % N % N % N %
1 healthy users 25 0.45 37 0.67 |29 052 |2 0.04
2 low 1942 | 35.09 [2018 | 36.46 | 1658 [ 29.95 | 1676 | 30.28
3 moderate 2982 | 53.88 | 2832 | 51.17 | 3121 | 56.39 | 2987 | 53.97
4 high 489 8.83 521 941 570 | 10.30 | 666 | 12.03
5 very high 97 1.75 127 | 2.29 157 [2.84 |204 |3.69

In this study, 10 most assigned ACGs were collapsed to four morbidity
categories, such as, ACG0900 and ACG2300 were in RUB 2 low morbidity;
ACG3600, ACG4100, ACG4410, ACG4420 and ACG4910 were in RUB 3 moderate
morbidity; ACG4430 and ACG4920 were in RUB 4 high morbidity; and ACG4930
was in RUB 5 very high morbidity.

2.4 Rx-MGs assignment

Pharmacy-based morbidity groups or Rx-MGs are created to account for
the anatomical and physiological systems that drugs act on, as well as the morbidity
differentiation, the expected duration and the severity of the diseases to be treated
using the medication. The Rx-MGs used pharmacy data as a means of assessing the
validity of diagnoses recorded in physicians’ medical records. Comparisons were

made between patients identified as having specific chronic conditions using diagnosis
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codes (ICD-10 through ADG), pharmacy code (ATC Classification System through
Rx-MG), and both diagnoses and pharmacy code.

As shown in table 4.9 the distribution of each Rx-MG was similar across
four years. The most frequently assigned Rx-MG was ENDx040 (Endocrine: Diabetes
without insulin  85.49-88.53%) followed by CARx040 (Cardiovascular:
Hyperlipidemia 80.96-86.43%), CARx030 (Cardiovascular: High blood pressure
75.27-83.83%), and CARx050 (Cardiovascular: Vascular disorders 69.29-73.17%),
which were correlated with patient’s medical conditions from diagnostic data. Top ten
assigned Rx-MGs are shown in figure 4.4.

Figure 4.4 demonstrates that the use of medication leading to major Rx-
MG Cardiovascular (CARx040, CARx030, and CARx050) was increased, while the
use of medication in other Rx-MGs was decreased slightly across 4 years. In addition
17% of diabetic patients took insulin, which were assigned to ENDx030 (Endocrine:
Diabetes with insulin) in 2008, and this number increased to 20.72% in 2011.
Approximately one third of diabetic patients took medication in 2 major Rx-MGs: 1)
General signs and symptoms, including GSIx020 Pain (e.g. narcotic analgesics) and
GSIx030 Pain and inflammation (e.g. NSAIDs), and 2) Gastrointestinal/hepatic
GASx060 Peptic disease (e.g. ranitidine, omeprazole).

Table 4.9 Frequency of Rx-MGs by study sample

Rx-MG Description 2008 2009 2010 2011

label n % n % n % n %

Allergy/immunology

ALLx010 | Acute minor 844 1525 | 815 1472 | 819 14.80 | 871 15.74
ALLx030 | Chronic inflammatory 31 0.56 23 0.42 30 0.54 33 0.60
ALLx040 | Immune disorders 0 0.00 0 0.00 0 0.00 0 0.00
ALLx050 | Transplant 9 016 |21 0.38 9 016 |7 0.13

Cardiovascular

CARx010 | Chronic medical 429 7.75 419 7.57 423 7.64 417 7.53

CARx020 | Congestive heart failure | 597 10.79 | 684 1236 | 718 1297 | 737 13.32

CARx030 | High blood pressure 4166 | 7527 | 4510 | 8148 | 4588 | 82.89 | 4640 | 83.83
CARx040 | Hyperlipidemia 4481 | 80.96 | 4735 | 8555 | 4789 | 86.52 | 4784 | 86.43
CARx050 | Vascular disorders 3835 | 69.29 | 3991 | 72.10 | 4050 | 73.17 | 4025 | 72.72

Ear-nose-throat
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Rx-MG Description 2008 2009 2010 2011
label n % n % n % n %
EARx010 | Acute minor 2 0.04 1 0.02 3 0.05 3 0.05
Endocrine
ENDx010 | Bone disorders 53 0.96 80 1.45 97 1.75 83 1.50
ENDx020 | Chronic medical 32 | 058 29 0.52 25 0.45 20 0.36
ENDx030 | Diabetes with insulin 941 | 17.00 | 1080 | 19.51 | 1113 | 20.11 | 1147 | 20.72
ENDx040 | Diabetes without insulin | 4900 | 88.53 | 4950 | 89.43 | 4828 | 87.23 | 4732 | 8549
ENDx050 | Thyroid disorders 127 | 229 67 1.21 67 1.21 68 1.23
Eye
EYEx010 | Acute minor: curative 101 1.82 73 1.32 91 1.64 82 1.48
EYEx020 | Acute minor: palliative 1840 | 3324 | 1780 | 32.16 | 1712 | 3093 | 1723 31.13
EYEx030 | Glaucoma 97 1.75 117 | 211 131 | 237 142 2.57
Female reproductive
FREx010 | Hormone regulation 9 0.16 7 0.13 8 0.14 3 0.05
FREx020 | Infertility 0 0.00 0 0.00 0 0.00 0 0.00
FREx030 | Pregnancy and delivery 0 0.00 0 0.00 0 0.00 0 0.00
Gastrointestinal/hepatic
GASx010 | Acute minor 349 | 631 504 | 9.11 520 | 9.39 493 8.91
GASx020 | Chronic liver disease 7 0.13 10 0.18 9 0.16 6 0.11
GASx030 | Chronic stable 462 | 8.35 482 | 871 532 | 9.61 488 8.82
GASx040 | Inflammatory bowel
disease 10 0.18 9 0.16 8 0.14 9 0.16
GASx050 | Pancreatic disorder 0 0.00 0 0.00 0 0.00 0 0.00
GASx060 | Peptic disease 1841 | 33.26 1848 | 3339 | 1928 | 34.83 1960 35.41
General signs and
symptoms
GSIx010 Nausea and vomiting 7 0.13 7 0.13 6 0.11 8 0.14
GSIx020 Pain 1962 | 3545 | 2039 | 36.84 | 1934 | 34.94 | 1879 33.95
GSIx030 | Pain and inflammation 2438 | 44.05 | 2094 | 37.83 | 2054 | 37.11 | 1927 34.81
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Table 4.9 Frequency of Rx-MGs by study sample (cont.)

Rx-MG Description 2008 2009 2010 2011
label n % n % n % n %
GSIx040 Severe Pain 11 0.20 21 0.38 16 0.29 26 0.47

Genitourinary

GURx010 Acute minor 52 0.94 65 1.17 53 0.96 65 1.17

GURx020 Chronic renal failure 13 0.23 9 0.16 1 0.02 2 0.04
Hematologic

HEMx010 | Coagulation disorders | 19 0.18 6 0.11 11 0.20 8 0.14
Infections

INFx010 Acute major 125 | 2.26 131 | 237 136 | 2.46 156 | 2.82

INFx020 Acute minor 1449 | 26.18 1447 | 26.14 | 1528 | 27.61 1436 | 25.94

INFx030 HIV/AIDS 27 0.49 29 0.52 31 0.56 40 0.72

INFx040 Tuberculosis 7 0.13 6 0.11 3 0.05 1 0.02

INFx050 Severe Acute Major

Infections 179 | 323 155 | 2.80 170 | 3.07 171 | 3.09
Malignancies
MALx010 | Malignancies 42 0.76 47 0.85 50 0.90 58 1.05

Musculoskeletal

MUSx010 | Gout 238 | 4.30 260 | 4.70 278 | 5.02 308 | 5.56
MUSx020 | Inflammatory 12 (02 |9 016 |13 |023 |9 0.16
Neurologic
NURx010 Alzheimer's disease 57 1.03 56 1.01 57 1.03 63 1.14
NURx020 | Chronic medical 1377 | 24.88 | 1398 | 2526 | 1250 | 2258 | 1202 | 21.72
NURx030 | Migraine headache 101 | 1.82 116 | 2.10 112 | 2.02 81 1.46
NURx040 Parkinson's disease 64 1.16 68 1.23 71 1.28 74 1.34
NURx050 | Seizure disorder 89 1.61 176 | 3.8 196 | 3.54 233 | 421

Psychosocial

PSYx030 Anxiety 1151 | 2079 | 1226 | 2215 | 1183 | 2137 | 1159 | 20.94

PSYx040 Depression 332 | 6.00 336 | 6.07 296 | 535 298 | 538

PSYx050 Acute minor 1 0.02 3 0.05 4 0.07 5 0.09
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Table 4.9 Frequency of Rx-MGs by study sample (cont.)

Rx-MG Description 2008 2009 2010 2011
label n % n % n % n %
PSYx060 | Chronic unstable 245 | 443 262 | 4.73 242 | 437 250 | 4.52

Respiratory

RESx010 | Acute minor 981 | 1772 | 990 | 17.89 | 927 | 1675 | 914 | 1651
RESx020 | Chronic medical 27 0.49 17 031 27 0.49 29 0.52
RESx030 | Cystic fibrosis 0 0.00 0 0.00 0 0.00 0 0.00

RESx040 | Airway hyper-reactivity | 207 | 3.74 204 | 3.69 243 | 439 250 | 452

Skin
SKNx010 | Acne 1 0.02 1 0.02 2 0.04 2 0.04
SKNx020 | Acute and recurrent 159 | 2.87 152 | 275 150 | 2.71 153 | 2.76
SKNx030 | Chronic medical 83 1.50 94 1.70 105 | 1.90 115 | 2.08

Toxic effects/adverse effects

TOXx010 | Acute major 195 | 352 200 | 3.61 28 | 4.12 219 | 3.96

Z77x000 | Other and nonspecific

medications 2449 | 4425 | 2418 | 43.69 | 2447 | 44.21 2493 | 45.04
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Range(%) | Rx-MG | Description
label

3.94 ENDx040 | Endocrine: Diabetes without insulin
5.56 CARx040 | Cardiovascular: Hyperlipidemia
8.56 CARx030 | Cardiovascular: High blood pressure
3.88 CARx050 | Cardiovascular: Vascular disorders
8.64 GSIx030 | General signs and symptoms: Pain and inflammation
2.02 GSIx020 | General signs and symptoms: Pain
1.57 GASx060 | Gastrointestinal/hepatic: Peptic disease
2.31 EYEx020 | Eye: Acute minor: palliative
1.66 INFx020 | Infections: Acute minor
3.54 NURx020 | Neurologic: Chronic medical

Figure 4.4 The most frequent Rx-MGs, and four-year distributions in diabetic patients
from 2008 to 2011.
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Table 4.10 shows the number of assigned Rx-MGs per diabetic patient per
year for four consecutive years or the number of drug groups for treating these
patients. There was 0.38-0.76% of cases with zero Rx-MGs or less than 1% of patients
had no drug treatments. The average numbers of Rx-MGs were rather stable at 6.52,
6.67, 6.65, and 6.59 in 2008, 2009, 2010, and 2011, respectively. Also, approximately

11% of cases were high multi-pharmacy groups, with more than 10 Rx-MGs.

Table 4.10 Number of Rx-MGs per patient per year from 2008 to 2011
Number of Rx-MGs | Year 2008 Year 2009 Year 2010 Year 2011
N % N % N % N %

0 42 0.76 |31 0.56 |21 0.38 | 37 0.67
1 85 1.54 |52 0.94 |61 1.10 | 51 0.92
2 229 1414 | 194 |3.50 188 340 |176 |3.18
3 515 1930 |519 |9.38 |517 |934 |512 |9.25
4 667 | 12.05 | 673 12.16 | 672 | 12.14 | 752 13.59
5 749 | 13.53 | 732 | 13.22 | 784 | 14.16 | 773 13.97
6 721 13.03 | 742 | 13.41 | 758 13.69 | 746 | 13.48
7 644 | 11.64 | 671 12.12 | 628 11.35 | 602 | 10.88
8 585 10.57 | 532 | 9.61 549 1992 |544 |9.83
9 411 | 743 |440 |7.95 |421 |7.61 |422 |7.62
10 311 |5.62 289 |522 |291 |526 |298 |5.38
11 218 394 |242 |437 |224 |4.05 |212 |3.83
12 122|220 | 156 |2.82 141 | 2.55 162 | 2.93
13 101 1.82 | 96 1.73 103 1.86 | 111 | 2.01
14 61 1.10 | 81 146 |76 1.37 | 48 0.87
15 32 0.58 |32 0.58 |52 094 |35 0.63
16+ 42 0.76 | 53 0.96 |49 0.89 |54 0.98
Mean (SD) 6.52 | 308 |6.67 312 |6.65 |3.12 |6.59 |3.08

The mean number of unique Rx-MGs and drug expenditure per patient
in top ten ACGs were shown in tables 4.11. Cases with more severe ACGs had higher

number of unique Rx-MGs and drug expenditure than the less severe cases.
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The details of drug expenditures in most frequent ACGs are also shown in
appendix F.

When comparing variation of the average number of unique Rx-MGs
among top ten ACGs, figure 4.5 shows that cases in ACG4910 (6-9 Other ADG
Combinations, Age 35+, 0-1 Major ADGs) had maximum average number of unique
Rx-MGs, followed by ACG4920 (6-9 Other ADG Combinations, Age 35+, 2 Major
ADGs) and ACG4930 (6-9 Other ADG Combinations, Age 35+, 3 Major ADGs);
while the minimum was in ACGO0900 (Chronic medical, stable). In addition,
comparing 2011 to 2008, in the same ACG, the average number of unique Rx-MGs
was decreased slightly, except in ACG0900 and ACG2300.

Number of Rx-MGs
10 - )
’1\—.%>‘ ——ACG0900
/iv—
—y —8—ACG2300
81 ® —O -® —— ACG3600
- - —i— = —e=ACG4100
6 - = —< ——=ACG4410
— A N —0—ACG4420
4 ACG4430
ACG4910
- ACG4920
ACG4930
0 T T T 1
2008 2009 2010 2011

Figure 4.5 The average number of unique Rx-MGs among top ten ACGs from
2008 to 2011
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Part 1lIl Determination of resource utilization and healthcare

expenditure

The average outpatient visits were approximately 8 visits per person per
year. 21-23% of patients had at least 1 emergency visit, and 14-18% of patients had at
least 1 inpatient hospitalization each year from fiscal year 2008 to 2010 (see table
4.12).

Table 4.12 Utilization and expenditure per patient per year from 2008 to 2011

Year

2008 2009 2010 2011
Utilization (Mean%SD)
Outpatient visits 8.49+5.03 8.47+5.70 8.41+7.17 8.4619.88
Emergency visits | 0.42+1.12 041+1.24 0.45+1.32 0.44+1.35
Hospitalization 0.23+0.66 0.22+0.74 0.24+0.79 0.324+0.98
Expenditure* (Mean+SD)
Outpatient 20,647+30,704 | 20,183+30,532 | 19,405+34,417 | 17,2114+31,544
Inpatient 4,261+20,814 4,266+21,830 | 4,382+23,815 | 6,020+28,061
Drug 18,701430,225 17,954429,397 | 16,981+33,205 | 15,228+31,146
Total 24,908+38,926 | 24,449+39,397 | 23,787+43,041 | 23,232+43,668

* Adjusted at 2008 price

An average outpatient and emergency visit were consistent across 4 years,
but the number of hospitalization increased from 2008 to 2011. Comparing 2011 to
2008, the number of hospitalization increased approximately 40%.

Outpatient expenditure decreased slightly from 2008 to 2011. Comparing
2011 expenditure to that of 2008, there was a 17% decrease in outpatient expenditure,
but 41% increase in inpatient expenditure. However total expenditure decreased
slightly from 2008 to 2011.

In addition, drug expenditure accounted for a large proportion of total
expenditure but decreased continuously across 4 years. Drug expenditure was 75, 73,
71, and 65 percent of total expenditure in 2008, 2009, 2010, and 2011, respectively.
Comparing 2011 to 2008, drug expenditure decreased approximately 19%.
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Comparison of resource utilization and healthcare expenditure of
diabetic patients under different health insurance schemes

Table 4.13 shows utilization and expenditure for outpatient service of
diabetic patients under three different health insurance schemes. This table illustrates
that there was significant variation in mean drug and total expenditure for outpatient
service across health insurance schemes. As expected, patients under the CSMBS had
the largest mean drug and total expenditure. However, outpatient expenditure of
diabetic patients under the CSMBS decreased consistently from 2008 to 2011 while

outpatient expenditure of diabetic patients under the UC and the SSS increased.

Table 4.13 Utilization and expenditure for outpatient service stratified by health

insurance scheme

Health insurance Outpatient visits, (Mean+SD)
2008 2009 2010 2011
ucC 8.16+4.65 8.10+5.05 7.93+6.61 7.66+8.15
SSS 9.56+ 6.36 9.59+8.71 9.15+8.81 8.69+11.21
CSMBS 8.76+5.25 8.78+5.96 8.90+7.57 9.36+11.40
Drug expenditure*/ outpatient, (Mean+SD)
ucC 7,164+10,782 7,679+10,664 7,758+10,355 | 8,007+10,348
SSS 8,167+11,690 10,226+21,122 14,248+87,670 | 16,211+93,086
CSMBS 31,606+38,163 29,069+37,458 26,382+36,087 | 20,942+30,336
Total expenditure*/ outpatient, (Mean+SD)
ucC 9,330+12,576 10,022+11,991 10,492+10,355 | 10,727+10,348
SSS 10,852+14,622 13,610+26,219 18,141+87,670 | 19,627+93,086
CSMBS 34,630+39,582 32,525+39,846 29,855+36,087 | 24,485+30,336
* Adjusted at 2008 price

Comparing 2011 to 2008, in patients under the CSMBS, the mean number
of outpatient visit was increased approximately 7%, while the mean number of drug
and total expenditure were decreased nearly 34% and 29% respectively. But, in
patients under the UC, the mean number of outpatient visit was decreased
approximately 6%, while the mean number of drug and total expenditure were

increased nearly 12% and 15% respectively. In addition, the maximum change was in
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patients under SSS, the mean number of outpatient visit was decreased approximately
9%, while the mean number of drug and total expenditure were increased nearly 98%
and 81% respectively.

For inpatient service, drug and total expenditure of patients under CSMBS
were also higher than patients under UC and SSS, while the mean number of

hospitalization was lower. (Table 4.14)

Table 4.14 Utilization and expenditure for inpatient service stratified by

health insurance scheme

Health insurance Inpatient hospitalization, (Mean+SD)

2008 2009 2010 2011
ucC 0.27+0.70 0.24+0.77 0.28+0.87 0.36+1.05
SSS 0.2740.79 0.1540.48 0.19+0.66 0.33+1.32
CSMBS 0.1940.19 0.20+0.72 0.2140.87 0.27+0.84

Drug expenditure* / Inpatient, (Mean+SD)

ucC 530+2,665 570+43,514 612+4,419 1,002+5,293
SSS 435+1,758 41242,329 810+8,900 852+3,630
CSMBS 759+5,936 78746,663 764+6,229 1,305+11,135

Total expenditure* / Inpatient, (Mean+SD)

uc 4,004+17,411 | 3,867+ 17,236 3,884+19,867 5,594+24,843

SSS 4,065+17,289 | 2,871+ 14,452 3,144+422,669 6,004+25,564

CSMBS 4,541424,384 | 4,871+ 26,664 5,078+27,795 6,430+31,530
* Adjusted at 2008 price

Comparing 2011 to 2008, in patients under the CSMBS, the mean number
of hospitalization was increased approximately 42%, while the mean number of drug
and total expenditure were increased nearly 72% and 42% respectively. In patients
under the UC, the mean number of hospitalization was increased approximately 33%,
while the mean number of drug and total expenditure were increased nearly 89% and
40% respectively. In addition, the maximum change of expenditure was in patients
under the SSS, the mean number of drug and total expenditure were increased nearly
96% and 48% respectively, while the mean number of hospitalization was increased

approximately 22%, but was lower than the UC.
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The details of outpatient and hospitalization expenditures stratified by
health insurance scheme are also shown in appendix G.

Table 4.15 and 4.16 shows the distribution of diabetic patients in top ten
ACGs and RUBs stratified by health benefit schemes.
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Table 4.16 The distribution of diabetic patients in RUBs stratified by health insurance

schemes
Health RUB (N(%))
insurance | 1 _Healthy | 2 Low 3 Moderate 4 High 5 Very Total
scheme high
2008
ucC 7(0.13) 1,012(18.28) | 1,474(26.63) | 256(4.63) | 49(0.89) | 2798(50.55)
SSS - 103(1.86) 146(2.64) 19(0.34) | 4(0.07) 272(4.91)
CSMBS 18(0.33) 824(14.89) 1358(24.53) | 214(3.87) | 44(0.79) | 2458(44.41)
2009
UC 12(0.22) 1063(19.21) | 1408(25.44) | 263(4.75) | 64(1.16) | 2810(50.77)
SSS 2(0.04) 120(2.17) 119(2.15) 19(0.34) | 5(0.09) 265(4.79)
CSMBS | 23(0.42) 833(15.05) 1303(23.54) | 239(4.32) | 58(1.05) | 2456(44.37)
2010
uc 10(0.18) | 932(16.84) 1530(27.64) | 279(5.04) | 82(1.48) | 2833(51.18)
SSS - 107(1.93) 112(2.02) 22(0.40) | 6(0.11) 247(4.46)
CSMBS 19(0.34) | 618(11.17) 1475(26.65) | 269(4.86) | 69(1.25) | 2450(44.26)
2011
uc 1(0.02) 953(17.22) 1467(26.50) | 316(5.71) | 102(1.84) [ 2839(51.29)
SSS - 94(1.70) 119(2.15) 20(0.36) | 10(0.18) | 243(4.39)
CSMBS 1(0.02) 628(11.35) 1398(25.26) | 328(5.93) | 90(1.63) | 2445(44.17)

When considering on pharmacy data, table 4.17 demonstrates that the

mean number of unique Rx-MGs in diabetic patients was not different between three

health insurance scheme.

Table 4.18 presents the distribution of number of unique Rx-MGs in

diabetic patients in top ten ACGs stratified by health insurance schemes, which shows

differently in number of unique Rx-MGs in some ACGs with high morbidity such as:
ACG 4910, 4920, and 4930.
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For process measure of diabetes management, more cases were monitored
with HbAlc (from 74% of cases in 2008 to 80% in 2011) but with less favourable
results (only 42% of patients tested reached the target of HbAlc <7% in 2008 to only

38% in 2011). More cases were monitored with lipid profile with higher favourable

results (from 76% to 82% of patients tested with 61% to 72% reached the target of

<100 mg/dl). For renal function assessment, only 19-35% of diabetic patients had

annual microalbumin urine test. (table 4.19)

Table 4.19 Performance measures (Indicator) in diabetes management

Characteristic 2008 2009 2010 2011
Process measures: % of patients tested,
(no. of tests/no. of patients)
HbAc tests 74.26% 77.47% 79.42% 80.47%
(8,486/ 4,110) (9,442/ 4,288) | (9,158/4,396) | (9,587/4,454)
Lipid profile 74.62% 78.16% 81.95% 76.08%
(6,602/ 4,130) (7,370/ 4,326) | (7,749/4,536) | (7,312/4,211)
Urine testing for protein | 28.94% 19.22% 36.75% 34.49
(2,090/ 1,602) (1,380/ 1,064) | (2,433/2,034) | (2,371/1,909)
Outcome measures: % of patients reached target
HbAlc <7 % 42.58% 39.48% 37.17% 38.53%
LDL cholesterol < 100 | 63.50% 60.56% 70.89% 71.59%
mg/dl
Albumin excretion < 30 | 68.10% 69.45% 66.47% 67.67%
(ug/mg creatinine)
Follow-up (intermediate outcomes)
ACE-I (or  ARB) if | 77.40% 78.69% 75.96% 78.48%
hypertensive
Treatment with statin if | 84.22% 86.74% 86.94% 87.60%
hyperlipidemia

Table 4.19 has also shown that more than 76% of diabetic patients with

hypertension have taken angiotensin converting enzyme inhibitor (ACE-I) or

angiotensin receptor antagonist (ARB), and more than 84% of diabetic patients with

hyperlipidemia have taken s

tatin drugs.
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To compare between health insurance schemes, more diabetic patients
under the UC and SSS were tested for HbAlc, but more patients under the CSMBS
patients reached the treatment target than patients under the UC and the SSS, as shown

in table 4.20.

Table 4.20 Performance measures (Indicator) in diabetes management stratified

by health insurance scheme

%  of | 2008 2009 2010 2011

patients | % tested | % at | % tested | % at | % tested | % at | % tested | % at
target target target target

HbAlc

CSMBS | 73.96 49.12 74.88 46.22 76.78 42.69 76.11 43.58

SSS 73.53 34.50 81.89 34.10 84.62 28.71 86.42 33.81

ucC 74.59 37.66 79.29 34.47 81.26 33.45 83.66 35.03

LDL cholesterol

CSMBS | 71.89 65.87 75.90 64.32 78.65 74.16 72.80 73.09

SSS 82.35 61.61 85.66 55.95 92.31 59.65 79.84 68.56

ucC 76.27 61.67 79.40 57.87 83.90 69.29 78.55 70.63

Urine albumin excretion

CSMBS | 35.11 69.64 23.78 69.69 38.20 67.41 34.48 67.02

SSS 24.26 68.18 15.85 73.81 31.58 66.67 28.40 65.22

uc 23.66 65.71 15.23 68.22 34.80 64.40 31.14 64.59

For LDL cholesterol testing, the same as HbAlc, number of tested in
patients under the UC and SSS was higher than the CSMBS but more patients under
the CSMBS reached the treatment target than patients under the UC and SSS.

When considering on renal function assessment, both proportion of patient
under the CSMBS who was tested and reached the target was higher than the UC
and SSS, excepted in 2009, more patients under the SSS reached the treatment target
than patients under the CSMBS and UC.
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Table 4.21 presents that in the CSMBS program, the number of diabetic
patients with hypertension who have taken angiotensin converting enzyme inhibitor
(ACE-I) or angiotensin receptor antagonist (ARB) was higher than in the UC and SSS.
While the number of diabetic patients with hyperlipidemia who have taken statin drugs

was not largely different between three health insurance schemes especially in year

2011.

Table 4.21 Medication use in diabetic patient with hypertention/hyperlipidemia

stratified by health insurance scheme

% of patients | 2008 2009 2010 2011
Treatment with ACE-I (or ARB) if hypertensive

CSMBS 85.17 91.50 83.86 86.38
SSS 74.88 72.20 74.16 73.83
ucC 70.20 67.72 69.09 71.94

Treatment with statin if hyperlipidemia

CSMBS 86.10 87.75 86.87 87.11

SSS 82.87 82.35 82.18 85.31

ucC 83.95 86.34 87.37 88.16
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CHAPTER V
DISCUSSIONS

This study applied the concept of the Adjusted Clinical Group (ACG) to
describe the pattern of morbidity burden in diabetic patients across 4 years. Diabetes
was focused in this study for several reasons, including: 1) diabetes is reported as a
chronic disease with high prevalence in Thailand and many countries(1, 2, 4), 2) the
chronic nature of diabetes and its devastating complications make it a very costly
disease, high healthcare cost and high drug use for treatment (7, 33). In Thailand, the
ACG has been studied for several years for measuring morbidity in the population in
order to allocate outpatient resources more efficiently and equitably (30, 31).
Furthermore, the results of this study indicate that ACG also perform well in
explaining morbidity burden, resource use, and assessing the quality of diabetic care in
diabetic patient of regional hospital, across 4 years, by incorporating information from
electronic database into ACG software version 9. Useful information can be extracted
for hospital administrator and healthcare provider to improve diabetic patient
management and applied to predict future healthcare utilization as well as allocate

resources for healthcare.

This study discusses on many related issues as followings.

5.1 Characteristics of diabetic patient

In 2008, from electronic health insurance database, 10358 diabetic patients
were identified by the Johns Hopkins ACG software version 9, but only 5535 patients
(53.43%) who had at least one diabetes-related outpatient visit per year for 4
consecutive years (2008-2011), were recruited. Thus, approximately a half of all
diabetic patients each year were included in this study.
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Demographic characteristics of diabetic patients in terms of age, gender
and co-morbidities were similar to several studies (12, 71, 72). Most of them were
female (~66%) and average age of 60 years. Approximately 80% of diabetics patient
had cardiovascular co-morbidities such as, hypertension and hyperlipidemia, which
were quite high compared to other studies. For health insurance schemes, there were
slightly more diabetic patients under UC than the CSMBS (~51% to 44%). The
proportion of patients under the SSS was quite low compared to the UC and the
CSMBS as other studies (72, 73).

5.2 Morbidity pattern of diabetic patient

The ACG grouping process assigns diagnosis codes first to Adjusted
Diagnostic Groups (32 ADGs), then to Adjusted Clinical Groups (93 ACGs) and
finally to Resource Utilization Bands (5 RUBs). The results from ADG and ACG
assignment suggest that most of diabetic patients in this study can be appropriate
assigned to ACG categories and the distribution of ACGs was highly persistent over 4
years. The stability over time provides reasons for using the ACG system for
estimating utilization and expenditure and for elucidating categories of diabetic
patients for the purpose of disease management.

The results from ADG assignment also show that approximately 66% of
patient had only one to three unique ADGs and 56% of patient had no major ADGs
which demonstrate that more than 50% of patient was not in very high expected
resource consumption group. As the results from RUB assignment which indicate that
ore than 80% of this patient was classified as low to moderate users.

Although, no statistical significant difference in distribution of ACGs
between the four years was found, the results from Figure 4.4 illustrate that the
number of diabetic patient in more severe ACG such as, ACG 4910, 4920, and 4930
was slightly increased across 4 years while the number of diabetic patient in ACG
0900 and 2300 was decreased.

Table 4.6-4.7 explain the resource use in top ten ACGs. These reflect the
fact that most highly morbidity patients had higher both outpatient/inpatient visits and

medical expenditure as other studies (27, 65). The mean number of visits and
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expenditure of the patient assigned to a given ACG was associated with its morbidity
burden, diabetic patients assigned to ACGs with major ADGs or more ADGs
combinations required more costly care than those with stable condition or fewer
ADGs combinations.

Two studies in Spain and Taiwan had demonstrated the usefulness of
incorporating pharmacy data into ACG risk adjustment technique in predicting drug
and total expenditure (24, 28). The results from Rx-MGs assignment show the pattern
of medication use in diabetic patient which should be apply to evaluate for an
appropriate drug use. This diabetic patient had similarity Rx-MGs distribution across 4
year (2008-2011), and the assigned Rx-MGs were also associated with their co-
morbidities.

In addition, table 4.11 shows the relationship between Rx-MGs, ACGs and
drug expenditure. Patients with more severe ACG had more number of unique Rx-MG
and higher drug expenditure. The results of this study reflect that pharmacy data could
be used to estimate morbidity burdens and drug expenditures. Studies in the U.S (54,
74) and Spain (24) have outlined the potential of pharmacy data to improve the
system of risk adjustment for both care management program, capitation payments and
pharmacy budget planning. This is of particular interest in a situation in which the
information related to drug prescription is routinely recorded in electronic hospital
database. In Thailand, this is the first study to demonstrate that it’s feasible to use
information from electronic pharmacy database for analyzing by ACG software. But
drug codes have to be mapped to the WHO ATC codes, according to the guidelines of
the World Health Organization.

5.3 Determination of resource utilization and healthcare expenditure

5.3.1 Utilization of service

Several studies demonstrated that diabetic patients had more hospital
utilization rate than non-diabetic patient in both outpatient and inpatient (71-73).
Furthermore, if diabetic patients had complications and co-morbidities, utilization rate

would be increased. The average annual outpatient visits in this study were nearly the
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same across 4 years, and not largely different from other studies (71-73). Because of
the outpatient visits in this study composed of overall illness condition of patients not
solely for diabetes, as this average annual outpatient visits were high.

On the other hand, the average annual hospitalizations were increased
continuously but lower if compared to other studies (71-73). The main reason might be
from inclusion criteria of this study that comprised only diabetic patients who had to
continue treatment at outpatient service across 4 years. So, patient with severe or near
end of life stage, who did not turn up the following years were not included in this
study.

However, this study did not elucidate the disease condition for
hospitalization, thus the results could be explain particularly patients with more

morbidity burdens (from ACG grouping) had more hospitalization.

5.3.2 Healthcare expenditure

In this study, healthcare expenditure was only classified as drug and others
(non-drugs), separated to outpatient and inpatient service. Similarly to other studies
(71-73) , drug expenditure accounted for a large proportion of total expenditure. The
interesting point from this study was why drug expenditure was decreased and made
total expenditure not grown up.

Several studies in Thailand indicated that the factors affecting healthcare
expenditure in diabetic patients were such as demographic factors, health insurance
schemes, hospital characteristics, healthcare utilization, co-morbidities, and
complications (12, 71, 72). Also in this study, besides morbidity burden, overall
impact of the different diseases in an individual, with associate to utilization and
expenditure, the results from part 11l shows the highest expenditure was in patients
under CSMBS. Although, the healthcare expenditure of these patients decreased
continuously, the total expenditure for outpatient was nearly 3-fold compared to
patients under UC, excepted in 2011, this proportion was decreased slightly. On the
other hand, when considering in patients under SSS, the results demonstrate that the
total expenditure in both outpatient and inpatient service was increased tremendously
across 4 years. However, the number of patients under SSS was quite low compared to
CSMBS and UC in both top ten ACGs and five RUBs. (see table 4.15 and 4.16) This
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information should be considered and analyzed, for proposing to hospital

administrators.

5.3.3 Comparison of healthcare expenditure in diabetic patient among
health insurance schemes

In 2006, the reimbursement system for the CSMBS in Thailand was
changed to a direct billing system. Then, in recent year, the outpatient expenditure
outpaced the inpatient one and drug expenditure accounted for a large proportion of
total expenditure of outpatient. An analysis of prescriptions and expenditures of the
outpatient drugs of 26 out of 34 large public hospitals under direct billing system in
2009 revealed that on average 41% of total prescriptions and 67% of expenditure
belonged to those not covered by the current National List of Essential Medicines (75).

In general, patients under CSMBS are the group of patients who provides
revenues to the hospital and a direct billing system made the patients more
convenience, not have to pay fee for service. Then, heath professionals usually offer
costlier service, such as non-essential (NE) drug or original drug which is more
expensive. For these reason, the result in Table 4.13- 4.14 show that diabetic patient
under CSMBS program had the highest medical expenditure in both outpatient and
inpatient service, especially on drug expenditure.

However, outpatient expenditure of diabetic patients under CSMBS
decreased consistently from 2008 to 2011, demonstrate that the hospital administrator
concerned of controlling for medical expenditure and have done several policies for
cost containment, including, purchasing and inventory management, restricted use (by
indication, prescriber), generic substitution (therapeutic interchange), drug use
evaluation, prescribing guideline, limited new drug to hospital formulary and develop
prescriber reports on the targeted high-cost drugs and discuss methods for cost
reduction in pharmacy and therapeutic (P&T) committee. Nevertheless, it seemed that
these policies worked well for only patient under UC. Although, drug expenditure of
patients under CSMBS was decreased over 4 years but nearly 3-fold and 2-fold
comparing to UC and SSS, respectively, in 2011. In contrast, comparing 2011 to 2008,
the mean number of drug and total expenditure of patients under SSS were increased

nearly 98% and 81% respectively.
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Oversupply of chronic disease medication is a significant financial burden
to hospitals. The direct billing system in the CSMBS may affect prescribing patterns,
as indicated by the trend of the increased number of months of coverage per
prescription and the higher medication possession ratio which reflected the oversupply
of medication (76). Moreover, the hospital administrator should be considered this
problem, further evidence is still need.

One example of cost containment policies which was present by pharmacy
department in this hospital, is to set up the Medication Reconciliation Center (RCC)
for outpatient in 2010. First, the objectives were to decrease medication errors, prevent
adverse drug reaction and monitor patient adherence for patient with chronic disease.
Furthermore, this also proves that the drug expenditure could be decreased by
encouraging patients to use their old medication properly before refilling new

medication to prevent the oversupply of medication (77).

5.4 Performance measures in diabetes management

Data from hospital laboratory information system including, hemoglobin
Alc, LDL cholesterol, and microalbuminuria were linked with the output from ACG
software to monitor outcomes of care. The results indicate that, for process measure
across 4 years (2008-2011), more cases were monitored with HbAlc, lipid profiles,
and microalbuminuria. However, only for HbAlc and lipid profiles, involved nearly
80% of diabetic patient, but, for renal assessment by microalbuminuria examination,
less than 40% of them had been tested.

HbA1c was recommended by American Diabetes Association (ADA) to be
performed for all diabetic patients at least twice a year in patients who are meeting
treatment goals and have stable glycemic control, and in patients whose therapy has
changed or who are not meeting glycemic goals should be perform the AL1C test
quarterly (33). Table 4.19 presents 74 to 80% of diabetic patients had HbA1c tested
and the average annual number of HbALc test per person of these patients was twice a
year. Although, this number was lower than the ADA recommendation, but higher if

compared to other studies (71, 73) .
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Nevertheless, only approximately 40% of diabetic patients had HbAlc at
target of < 7%, which recommended by ADA, and this number was decreased across 4
years. This reflects that more than a half of diabetic patients had poor glycemic
control.

For dyslipidemia/lipid management, in most adult patients, should be
measured fasting lipid profile at least annually. This study results show 76% to 82% of
diabetic patients had lipid profile tested with 61% to 72% reached the target of LDL-
cholesterol<100 mg/dl, still higher if compared to two studies in Thailand as following
(71, 73).

The study of Semangern, in 2005, found percentages for control of
individual outcomes according the ADA guideline were: HbAlc (36%), BP (23%),
and LDL-cholesterol (41%). And the study of Chunnguleum, in 2006, found
percentages for control of individual outcomes according the ADA guideline were:
HbAlc (22%), BP (24%), and LDL-cholesterol (26%). Unfortunately, this study did
not have the data on blood pressure control because of no information from the
electronic database. However, there were many factors which affect the glycemic
control of patients such as, life style modification, diet control, weight management,
patient adherence and others which were not mentioned in this study.

For assessment of renal function, screening for microalbuminuria can be
performed by measurement of the albumin-to-creatinine ratio in a random spot
collection. Compare to HbAlc and lipid profile testing, the number of diabetic patients
who had microalbuminuria screening, was lower, but this number was continuously
increased across 4 years. This might reflect that healthcare provider has intended to
improve management of these patients. The DM center has been set up in this hospital
since 2009 for registry and collecting information of all diabetic patients and
supporting both healthcare providers and patient to achieve treatment goal.

To consider intermediate outcome in diabetic management such as,
medication if hypertensive or hyperlipidemia, from ADA recommendation,
pharmacologic therapy for patients with diabetes and hypertension should be with a
regimen that includes either an ACE inhibitor or an ARB. Statin therapy should be
considered in addition to lifestyle therapy if LDL cholesterol was above 100 mg/dl.

Proportion of diabetic patients with ACEI (or ARB) or statin if hypertensive or
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hyperlipidemia were approximately more than 80%, and increased consistently across
4 year reflecting better access to good quality care.

However, for performance measures in diabetes management, there were
many indicators not mentioned in this study such as blood pressure, foot examination,
and retinal examination, because of lacking information in electronic database. In the
future, DM center in this hospital will provide this important information that

necessary for health provider to consider in managing proper service.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

This chapter provides the conclusions and recommendations of this study.
The study was a retrospective database analysis of morbidity burden and healthcare
resource use in diabetic patients at regional hospital over 4 consecutive years (from
October 2007 to September 2011) by using diagnosis-based case-mix adjustment
system, the Johns Hopkins ACG software version 9, with the objectives to

1. Evaluate the change of morbidity burden, healthcare resource use and
drug utilization pattern, and

2. Assess the quality of diabetic care based on process and outcome

measures

Conclusions

Characteristics of diabetic patient

Approximately a half of all diabetic patients each year were included in
this study, 66% were female and 37% aged 65 years and over. Hypertension and
hyperlipidemia are the two most common co-morbidities. The percentage of diabetic
patients with co-morbidities such as hypertention, hyperlipidemia, chronic heart
failure, chronic renal failure, and ischemic heart disease was increased consistently
from 2008 to 2011. The average outpatient visits were 8.5 visits per person per year.
One-fifth (21-23%) of patients had at least one emergency visit, and one-sixth (14-

18%) had at least one hospitalization each year.

Morbidity pattern of diabetic patient
Most of diabetic patient in this study can be appropriate assigned to ACG

categories and the distribution of ACGs was highly consistent for the cohort
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population across 4 years. Approximately 66% of patient had only one to three unique
ADGs and 56% of patient had no major ADGs which demonstrate that more than 50%
of patient was not in group with very high expected resource consumption. Two most
assigned ACG, ACG 0900 (RUB 2_low morbidity) and 4100 (RUB 3_moderate
mobidity) were comprised of more than 60% of diabetic patients. The mean number of
visits and expenditure of the patient assigned to a given ACG was associated with its
morbidity burden.

The distribution of Rx-MGs show the pattern of medication use in diabetic
patient and were similarity across 4 year (2008-2011). The assigned Rx-MGs were
also associated with their co-morbidities, the top 3 most assigned Rx-MGs were
ENDx040 (Endocrine: diabetes without insulin), CARx030 (Cardiovascular: high
blood pressure), CARx040 (Cardiovascular: hyperlipidemia). The average numbers of
unique Rx-MGs were 6.6 and cases in more severe ACGs had higher number of

unique Rx-MGs and drug expenditure than the less severe cases.

Determination of resource utilization and healthcare expenditure

The average annual outpatient visits were nearly the same across 4 years,
while the average annual hospitalizations were increased continuously from 2008 to
2011. Drug expenditure accounted for a large proportion of total expenditure but
decreased continuously across 4 years, as same as outpatient expenditure, while total
expenditure was approximately the same. When comparing between different health
insurance schemes, the highest expenditure was in patients under CSMBS. Although,
the healthcare expenditure of these patients decreased continuously, the total
expenditure for outpatient was nearly 3-fold and 2-fold compared to patients under UC

and SSS, respectively, excepted in 2011, this proportion was decreased.

Performance measures in diabetes management

For process measure of diabetes management, more cases were monitored
with HbAlc (from 74% of cases in 2008 to 80% in 2011) but with less favourable
results (only 42% of tests had HbAlc at target (< 7%) in 2008 to 38% in 2011). More
cases were monitored with lipid profile with higher favourable results (from 76% to
82% of diabetic patients tested with 61% to 72 % reached the target of < 100 mg/dl).
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For renal function assessment, only 19-35% of diabetic patients had annual
microalbumin urine test.

In conclusion, this study found substantial feasibility in the ACG system to
determine morbidity burdens in patients with diabetes and to monitor their healthcare
utilization in comparison with outcome. The appropriate use of ACG system can
provide useful information for hospital administrator and healthcare provider in
analyzing and managing for planning the health budget and identifying high cost risk

patients amenable to care management in the future.

Recommendations

An application of ACGs for a high risk screening tool would be useful for
care management. This risk adjustment system could define a risk group of patients
with multi-morbidity, more medication use and more healthcare costs. Thus, “ACGs”
should be well suited for healthcare organization or specific programs that target care
management for individuals with chronic disease. This group of patients should be
targeted for intervention before a morbidity event occurs or flares to high severity,
thereby forgoing the need for costly interventions and continuing care.

Previous studies in Thailand demonstrated the implementation of the ACG
in the Thai context to be used as a risk-adjusted capitation for outpatient services to
increase the equity for resource allocation. In this study, besides determining of
resource use, monitoring outcome to assess quality of care is one of an important part.
When comparing outcomes, risk adjustment is also necessary to ensure that
differences in the outcome are not the result of differences in the baseline
characteristics, or illness severity, of the patients. “ACGs” also should be used for
further analysis in this objective to adjust the health status of patients between health

settings or providers for performance assessment.
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APPENDIX A
STANDARD DATA SETS FOR HEALTH INSURANCE

Standard dataset 12 file

1. nasguiudeyadansmssnyivenuia soudln INSyymm.dbf

FIELD NAME | TYPE | LENGTH | DECIMAL | QUALIFICATION
HN C 9 0 wineavsgdadsuusms
INSCL C 2 0 ansmssnunls
SUBTYPE C 2 0 sTauansvoaranisznu
CID C 16 0 neaUiaINenI a0l
1] A AjAaAa A a3
DATEIN D 8 0 Mupeulaians  Unauiu
Af.
7 A =~ d' a A A
DATEEXP D 8 0 Ju@eulavuaans  Uum
15l ad.
HOSPMAIN C 5 0 THAADIUNYILIAHAN
HOSPSUB C 5 0 THAFADIUNGILIATOI

2. nasguuitudoyadionars voudlu PATyymm.dbf

FIELD NAME | TYPE | LENGTH | DECIMAL | QUALIFICATION
HCODE C 5 0 SHAFDIUNGIVID
HN C 9 0 vuaavlszenen
Yo a
AUV
CHANGWAT C 2 0 ausaunalne
AMPHUR C 2 0 ausauvalne
C = [ A ANl A A
DOB D 8 0 unnIumeuina  ia
15l e
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SEX C 1 0 1 Wwwde e 2
MU
AN

MARRIAGE C 1 0 SHAAMNINAT o

OCCUPA C 3 0 D1FW

NATION C 2 0 GRIEAn)

PERSON_ID C 13 0 sadsziddsemruniu
dninngifousiugs

3. nasgruindoyadibeveniidesds Feudlu OPDyymm.dbf

FIELD TYPE | LENGTH | DECIMAL | QUALIFICATION

NAME

HN C 9 0 wineavsz @S uusms

CLINIC C 4 0 Sonaiinfsuusms

DATEOPD D 8 0 Suinsuusms  Tuindllud
T an.

4. nasguiludoyardileven Foudyu ORFyymm.dbf

FIELD NAME TYPE | LENGTH DECIMAL | QUALIFICATION

HN C 9 0 wneavsgdadsuusms

DATEOPD D 8 0 Sudmnfunims  udinllu
f1 AF.

CLINIC C 4 0 Sonaiinfsuusns

REFER C 5 0 aouweanIenaing

NepINUMIAIRDINTH

aDIUNYIVIA

REFERTYPE C 1 0 Uszianmsdene 1 = U

2 = @990
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5. snasgumiludoyadiheven Fouilu ODXyymm.dbf
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FIELD TYPE LENGTH | DECIMAL | QUALIFICATION
NAME
HN C 9 0 e sgdadsuusms
DATEDX D 8 0 Sudenili3tetelsn
Junnllus an.
CLINIC C 4 0 sananinii HuSns
DIAG C 5 0 AanegTsn MusHe ICD 10
DXTYPE C 1 0 FiAvea13n 521
1 = Primary Diagnosis ,
2 =Comorbidity ,
3 =Complication,
4 =Others
DRDX C 6 0 unndgEnE aavii

152NV INFINNIYNTTY

6. nasgumiludoyadiheven souilu 0OPyymm.dbf

FIELD TYPE LENGTH | DECIMAL | QUALIFICATION

NAME

HN C 9 0 WnealsgAIRsuuTms

DATEOPD D 8 0 Sufnsuusms  uiindllu
Aty as.

CLINIC C 4 0 Sonaiinfisuusms

OPER C 4 0 FHANA0NIAIN ICD 9 CM

DROP C 6 0 unnaRsar anmauiiy

152NV IMNFNNIUNT T
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7. nasgrumiludoyadiely Foudlu IPDyymm.dbf

FIELD TYPE LENGTH | DECIMAL | QUALIFICATION
NAME
HN C 9 0 Wi vlszenen
Yo a
HSUVTM3
AN C 9 0 wneavlsziaafielu
, v 2
Tuars levmuneavuiisn
DATEADM D 8 0 Susuinlulsanenuna
Tunndlluan a.
1Y) 9 = | o
TIMEADM C 4 0 NaAsun dunmilua Tug
N enuwa luszuy
AOUNUADS
DATEDSC D 8 0 Juswie unnilluan
13l A,
o [} v K I~
TIMEDSC C 4 0 AU DUNMTIY
¥ g W auwa lu
FEUUABUNUADS
DISCHS C 1 0 amumumassmiedile
DISCHT C 1 0 Fmssmiedihe
= d‘o ] Y Y o ~
WARDDSC | C 4 0 anndmiegihelysian
Tsanenunadau
d‘w 9 [~ [
DEPT C 2 0 ununnInIRTedlunan
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8. snasgumiludoyadilely Foudlu IRFyymm.dbf
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FIELD NAME | TYPE |LENGTH |DECIMAL | QUALIFICATION

AN C 9 0 wineaviszdiadilelu
REFER C 5 0 I aaaIUNII
REFERTYPE | C 1 0 1= 1IN, 2=0UT

9. anasguudadoyardihely youdlu IDXyymm.dbf

FIELD TYPE LENGTH | DECIMAL | QUALIFICATION
NAME
AN C 9 0 nneavlsziraafielu
DIAG C 5 0 Aanelsn ausHd ICD 10
DXTYPE C 1 0 ¥iavea13n 531
1 = Principal Diagnosis ,
2 =Comorbidity ,
3 =Complication ,
4 = Others
DRDX C 6 0 uwnddanase anmavuiiy
52N UITNFNIFNTIN

10. anasgrundndoyadilelu Foudly IOPyymm.dbf

FIELD TYPE LENGTH DECIMAL | QUALIFICATION

NAME

AN C 9 0 wineaviszdadilelu

OPER C 4 0 Waamsii awsia 1CD 9
CM

OPTYPE C 1 0 FUAVDANADNT 521
1=Prinicipal procedure,
2 = secondary procedure,
3= Others

DROP C 6 0 uwndfnianns aaviily
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152NV IMNFINNINTTY

v

DATEIN D 8 0 wasuINTuRaans

€

o

Tunndllua ae.

A = I o =
TIMEIN C 4 0 nansutunmiy 9 Tue wn
i luszuy

a 4
ADUNUNDT

% o w

DATEOUT D 8 0 Tudeuilniviaomsauga

o

Tunnd luan ae.

FZ
=

TIMEOUT C 4 0 nanduga Tuindu $alus
U
R POTRITRN ST EATRT

AOUNUADS

11. nasgumiludoyamsidu Youdlu CHTyymm.dbf

FIELD TYPE | LENGTH | DECIMAL | QUALIFICATION

NAME

HN C 9 0 wineavszdIdsuusms
AN C 9 0 vwneavilsziidafielu

G

1 9 dygl
Taiaasldvanamuiisn

[ v o

DATE DATE 8 0 UNAAAITABT TUIHUY

i
v A 1

A 9 A a A
soYungenlaguansng

=~

v @ = =,
Y1 TUNN 1

Tua A,
o a 1w [
TOTAL N 7 0 UIURUMTIEITIN WUV
A a ]
nisenNin
o a d' 9 1
PAID N 7 0 mmumumjﬂ’mmmm Gl,l!

asan Isawenuna T ldsuEu
14 =0

PTTYPE C 2 0 FUANITFITSITU
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12. nasguniludoyansidu oudlu CHAyymm.dbf
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FIELD NAME | TYPE |LENGTH |DECIMAL | QUALIFICATION

HN C 9 0 nueavlszaan
dsuusms

AN C 9 0 wneavlsziaafielu
ins 1 maneaviion

DATE DATE |8 0 Sufinasne Tudinillu
1 A,

CHRGITEM | C 2 0 Fiiaveusmsinaminen
awstaiimua Ty

AMOUNT N 7 0 IUIURUATNBIVDY

]
a Y IS
VINITINYNITUU L‘]Jull’l'ﬂ
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APPENDIX B
DATAS TRUCTURES OF PHARMACY DATABASE

v =a &
1. m9iunnludsen (Orders)

File name Description

RUNNO wneavludaen
ORDERNO muiluda

SERIAL Suludalu 15u
STATUS SHAANFMITNEN
DOCTCODE sWanmmaddalden
CLINCODE sHanain

VN visit number

HN hospital number
PATNAME ¥o ana Athe
TIME_IN narfuludaen
TIME_OUT 2191881

CASHRET menfiaunsaiinlg
CASHNORET meriannsodinlaild
ITEM UIUIINTI
TOTALCASH femtana
USERCODE sWagnsendoya
FREE_ MR 1FanT T
CANCELED snianludanie )
SERVICES MUINS

STATION wmﬂmmm%mauﬁama{ﬁ%’u%ya
REGDATE Su narfiaamaiousumssnm
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2. mstuintoyas e sen (Orderdetail)

File name Description

LINEID WeItoyaY

NO Swululudaen

ORDERNO mviiluda

REFERCODE | s@Aumen

DRUGCODE sHere

ORDERTYPE | szianludaen

PERMIT foueon ] 1o

ROUTCODE swanums e

DOSE saveni gihei 1
UNITCODE sWanems erveadied 1
USECODE ST 1

DOSE2 sWaunani ¥ 2
UNITCODE2 | s¥aviiaemsldoesdilied 2
WARNCODE | #fa33 19l 2

LABEL swaduAou Auuztimslde
COST Auinanvielu

PRICE ERLRUIA

QTY UIU

GRPRICE Iaeenalsznnenlu-ueniy iy revdnurana
GRED Usznnenlu-ueniyFigFermanurana

MX

Timendmsuaiiaiiie
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DATAS TRUCTURES OF LABORATORY DATABASE

APPENDIX C

1. msnludansiamedes §iiAms (Specimen)

File name Description

RUNNO vt ludensremadesdfiiins
ORDERNO ey ludensraneielljiians
HN hospital number

VN visit number

AN admission number

PATTYPE Atheuon/lu

STATUS SHATNTMITA

PRSTATUS Usznnueaansmssnm
SENDER sHaddns9

LABCODE sAAMIATIIMIReRIAMS
LABTYPE Uszinnmansranesielfiians
PROCESS anzvosludinsianeiealfians
DATESEND Suids

TIMESEND nanfids

DATEOUT Jufioonna

TIMEOUT nafieensa

COST 310

USERPASS siadnsondoya

REJECT oniann3e i

VALIDER swadisziiiu
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t4 a wvAa
2. ﬂ151Q!lﬁﬂ\‘iwaﬂ1§ﬁ§3§]ﬂ1ﬂ1‘ii’]x‘iﬂ{]ﬂﬂﬂ]§ (Specres)
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File name Description

NO WYIRINANSATIINNH 09U TANS
RUNNO v ludnsdn

LABCODE sHaMIaTIN ol ians
RESULT HANIATIIN WA TAMS

NOTE fufindiuds




M.Sc. in Pharm. (Pharmacy Administration) / 127

Fac. of Grad. Studies, Mahidol Univ.

8.6'LEY 815'2¢ 686'T v6v'LS 150'6€ ceT €L sOav 0c6Y
JofeN € ‘+G€ 8BV ‘suoireulquwiod 9AY J8Yi0 6-9

0TL'2LT 26T'1C 8LE'T 8G8'vE 8L€'€E €8¢ ovT sOaQv 0z6Y
Jofel\ Z '+G€ 9By ‘suolreulquiod 9AY 19410 6-9

96.'CyT EVY'ST 8 7E6'€2 09S'v2 18T 6ST sOav 016
Jofe T-0 +5¢ 9By 'suopeulquiod 9AY YO 6-9

210'622 9T.L'ST SeL 698'07 265'7€ 85'S 60€ sOav (015747
JofelN +2 ‘+G 8BV ‘suopeulquiod 9AY J8Yi0 G-

1v9'She 28L'TT GEE 626'0€ 6082 899 0L sOav (a4
Jofe T ‘+Gv 8By ‘suoneuiquiod AV J8Yi0 G-

G21'8¢2T 51’8 896 1Gv'12 19T'LT 9y 9e¢ sOav (01474
Jofe ou ‘+Gy 8BV ‘suonreuIqWOD HAY J8YI0 S

0TE'TLY S97'6 08 G66'2€ 891'2¢ 18'9¢ T0'C 00TY
+G¢ 8fy ‘suoneuIqWoD HAY J8Yl0 £-2

902'202 6LT'TT A £V6'TE 260'22 0S'T €8 3]q®IS ‘[edIpPaN 009¢€
21U0IYD /N33y 03 A[3){1T1/10fe|N 9INdY//I0UlA 8INOY

06.'T2T 8€.L'S 59 1G2'8T ¥85'CT 9L 404 00€e
Joujw 8Ny pue 3|qels :[edlpaw d1uoyD

0L9'€6T SeT'9 01T 568'0C 9G2'vT 6522 12S'T 9| qels ‘[edIpawl d1uoIyD 0060

Xe uelpaN N as uea 1U8218d Aouanbai4
usned/(yeq) seanupusdxa usnedinQ sjuaired onageiq uondiosag 90V

800¢ NI 3dNLIAN3IdXd LNFI1LVd1NO ANV

SIN3ILVd 21139VId 40 NOILNFI¥1SId 'SO0V ININOIYH LSO IHL
1°d X1dN3ddVv




Appendices / 128

Roongkarn Pannarunothai

L6v¥'T9T GE6'EC T2L'T vTv'0€ 8v.'ce 6G'T 88 sOav 0€6Y
JofeN € ‘+G€ 8BV ‘suoneulquod 9AV JaYi0 6-9

¥22'182 698°LT 2LLT 0T9'v¥ 6TL'EE 08¢ GsT sOav 0z6Y
JofeN Z ‘+5€ 3BV 'suorjeulquod 9AV J8Ui0 6-9

wr'tee GGS'LT €68'C 0.5'6¢C 9Tv¥'Le or'e €eT soQv Jofey 0T6¥
1-0 '+G¢€ 8BV ‘suoneulqwo) AV 48410 6-9

00%'60S 1SE'6T 202'T 0ee'sy GYSYE §8'S vZe soqay Jofey [0]574%
+2 '+5 3Py ‘suoneulquiod 9av Yo G-

192'09T 6.2'ST 005 T0L'€C 769'€C 80'L 26¢ sOav [0r4%7
JofeN T ‘+Gp 3BV ‘suoeulquod 9AV JAYi0 G-

0vL'CeT 26T'6 6.6'T L62'22 €2e'8T ¥S'€ 96T soqyv Jofey [0)97%%
0u ‘+Gy 3By 'suoleuIqWoD 9AY JYI0 5

111'79€ GG8'0T 0S G85'2E €9¢2'¢e Sy'Ge 296'T +G¢ 80y ‘suoneuIquiod 9AV J8yio €-2 00T¥

697'6. Tv7'0T 08T'e ¥0T'9T T€0'9T vT'T €9 91qEIS 1[edIP3IA d1U0IYD 009€
/Inday 01 A|ax17/40fe|N 81Ndy//J0UIN 3INdY

S16'022 €20'9 vee €G2'9T 89¢€'TT €99 19€ Joulwl 9INdy 00€C
pue 3]qelS :[eaIpaw JUoIYD

0Zy'19T 0LL'S 062 S8T'ST v.S'TT 19'6C 6€9'T 3]s |edlpaw 1uoIyd 0060

Xew ueIpaN uin as ueaN JUELIEE| Kouanbai4
1uaned/(yegq) saanypuadxs JusiredinQ sjuaired onagelq uonduasag 92V

600¢ NI F4NLIAN3IdX3 LNFILVd1NO ANV
SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO IHL

¢ d X1dN3ddVv




M.Sc. in Pharm. (Pharmacy Administration) / 129

Fac. of Grad. Studies, Mahidol Univ.

679'€ST LEL'6T 9z¢ 6T1'0E T21°C€ 16T 60T $OQV ol € ‘+5¢ aby 0e6Y
‘suofjeulquiod 9AY JY10 6-9

0T.'6TE G62'6T €e0'T 8/8'8€ 850'€E 69°€ ¥0¢ s9QAV Jofe g ‘+6¢ 8bv 0c6¥
‘suofjeulquiod 9AY 4810 6-9

796'€TT 002'0C 6TT'S £€8'2¢ 06v'8C 0ce LT sOQaV Jofei 1-0 ‘+5€ 3y 0161
‘suoleulqwod 9AY JaYl0 6-9

8TT1'G29 €9T'6T 085 TLE0S 256'SE 28'S [443 sOQV Jofeiy +2 ‘+G 3By [0[5747
‘suoleulquod 9AY JAYI0 S-7

892'6VY'T 0ZT'vT 0v9 yoT'EL 916'92 0z'8 12514 $Oav Jofen T ‘+5p 8By [\fa%7
‘suofjeulquiod 9AY 4810 G-

8G5'G9E 92T'CT G9.'T GTY'62 G502 14 1S¢ $OQV JofelN ou ‘+Gt 8By (018774
'suoeuIqwod 9av YO S-i

v6Y'Gre 78€'0T 0Ge 280'6¢ £70'0C 9L°LE 0602 +5¢ abv 00TY
‘suoleulqwod 9AY JAYI0 £-2

¥€9'20T LTT'0T 6.0'T 800'LT £V6'vT 0T 69 31qeIS [|edIpaN 009€
21U0IYD /INdaY 0} Aja317/40fe|N 8INdV//I0UIA 3INDY

£€99'622 6709 0S¢ GET'6T 695'0T 167 cle Joulw aIndy 00€C
pue 3]qels :[ealpaw d1UoIyD

EPY'EET €69'G 06¢ v0L'TT G65'6 8'e vLE'T 3]qEIs ‘[edlpaw d1uoIyd 0060

Xew ueIpaN uin as ueaN JU32Jad Kouanbai4
(3yeg) seanupuadxa Jusnedino sjuaired onagelq uondiasag 92V

0TOZ NI 3dNLIAN3IdX3 LNFI1LVd1NO ANV
SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO IHL

€'d X1dN3IddVv




Appendices / 130

Roongkarn Pannarunothai

66E7EC 690'TC 0ee 698'7€ YSY'TE 1€C 8¢t $OQV ol € ‘+5¢ 3y 0e6Y
‘suofjeulquio 9AY J8Y10 6-9

8TT'OvE 9ze'0e TS vE€L'LE Sev'0e LTV T€C $9AV Jofen g ‘+6¢ 8bv 0c6¥
‘suofjeulquiod 9AY 4810 6-9

€ve'sTT 169'LT £v0'C 9/2'LT 08.'ce 6L°€ 0T¢ $9QV Jofe T-0 ‘+G€ a6y (U194
‘suoleuIqwod AV JAYl0 6-9

TSS'0EY 16897 0S 2.0'8e ¥65'LC ev'L 1947 soQV JofeiN +2 ‘+5 3By [0[5747
‘suoleulqwod 9AY J8YI0 S

9vE'0LS'T €62'vT 00€ 87508 9v'Le 99°L 1444 $Oav {0l T ‘+5p 8By [\fa%7
‘suofjeulquiod 9AY J8Ylo G-

LTL'SYT €€0'CT 69T'C T€0'9T v1€'LT 9L'¢ 80¢ $9QV JofelN ou ‘+G¢ 8By (018774
'suoeuIqwod 9av YO S-i

8TY'€9€ LEE'0T 95 €91°9¢ 88L'LT Zr'9e 970 +5¢ aby 00TY
‘suoleulqwod 9AY JAYI0 £-2

L8T'V6 GES'6 €5.'T 0/8'7T 8GL'VT IT'T ¥9 31qeIS [|edIpaN 009€
21U0IYD /INday 0} A|33177/40fe|N 8INdV//I0UIN 3INDY

86029 G02Z'9 LSY 09.'8 189'8 TT's €8¢ Joulw aIndy 00€C
pue 3]qels :[eaIpaw d1UoIyD

YOT'ETT 2€9'9 0ee €0T'TT 866'6 €6'7C 08€'T 3]qEIs ‘[edlpaw d1uoIyD 0060

Xew ueIpaN uin as U=ET JUELIEE| Kouanbaiq
(yeg) saanupuadxa usnedino syuaired onagelq uondiasag 92V

TT0Z NI FdNLIAN3IdX3 LNFILVd1NO ANV
SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO IHL
¥'d X1dN3ddV




M.Sc. in Pharm. (Pharmacy Administration) / 131

Fac. of Grad. Studies, Mahidol Univ.

162'882 €25'LT 0 7€9'8Y 7192 ceT €L soQV JofeiN € ‘+5¢ aby 0e6Y
‘suofjeulquiod 9AY JY10 6-9

266'992 GS8'y 0 68L'0v 628'02 €9¢C ovT s9QAV Jofe g ‘+6¢ 8bv 0c6¥
‘suofjeulquiod 9AY 4810 6-9

918'%0T 0 0 T0E'ST 692'9 18T 65T sOQV Jofey T-0 '+5¢ aby 0T6¥
‘suoleulqwod 9AY JaYl0 6-9

ceL'ere 0 0 708'0 69T 8G'G 60€ $OQV Jofe +2 ‘+5 3By [0[5747
‘suoleulquod 9AY JAYI0 S-7

816'S6T 0 0 G69'TC 288'L 899 0.€ soav Jofen T ‘+5 8By [\fa%7
‘suofjeulquiod 9AY 4810 G-

006'86 0 0 €0S'0T 1T9'C 9Ky 9€¢ $OAY Jole\ ou ‘+G 8by (018774
'suoeuIqwod 9av YO S-i

JaxwAay 0 0 SvS'8T 06.C 18'9¢ 70T +5¢ abv 00TY
‘suoleulqwod 9AY JAYI0 £-2

658'61 0 0 G05'6 850'G 08T €8 3|qeIs :[edIpaN 009¢
21U0IYD /INdaY 0} Aja317/40fe|N 8INdV//I0UIA 3INDY

29¢'98T 0 0 985'TT 6.6 9L 4014 Joulw aIndy 00€C
pue 3]qels :[ealpaw d1UoIyD

£60'86 0 0 96€'€ 68T 69°LC L2S'T 3]qEIs ‘[edlpaw d1uoIyd 0060

Xew ueIpaN uin as U=ET JUELIEE| Kouanbaiq
1uaned/(yegq) saanyipuadxa uonezifendsoH sjuaired onagelq uonduasag [3%e)4

800¢ NI 3dNLIANIdX3d NOILVZI'IVLIdASOH ANV
SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO THL

13 X1AN3ddV




Appendices / 132

Roongkarn Pannarunothai

S75'90€ 6vL'2T 0 €09'85 6EL'LE 6G'T 88 sOav 0€6Y
Jofey € ‘+Gg 8BV ‘suopeulqwod 9AY J8YI0 6-9

§02°2LT 8TL'G 0 850'L¢ €681 08¢ §qT sOav 026
JofeN Z '+G€ 9BV 'suoljeulqwod 9AV 18Ui0 6-9

626'7.2 0 0 L96'TE €ee'0T or'e €eT soqayv Jofey 0T6¥
T-0 '+G€ 90V ‘suoljeuiquod 9av 48410 6-9

0TZ'vre 0 0 659°07 YSC'ET §8'G 743 soqayv Jofey [0]574%
+¢ '+G 3By 'suofeulquioD 9av YO G-

£72'60S 0 0 056'8¢ 988'G 80'L 26¢ sOAvY ozvy
lofel T '+5 9By ‘suonjeulquiod AV YO §-7

G82'1€ 0 0 929's 2€6'T ¥5'€ 96T soqyv Jofey [0)97%%
ou ‘+G 3By ‘suoljeulqwod AV Y0 §-

6v6'CrE 0 0 8EC'LT 628'C Sy'GE 296'T +Gg 8BV ‘suorreuIqWoD HAY J8YI0 £-2 00T¥

89.'61 0 0 0.5'6 208'e vT'T €9 3|qeIs ([e3IP3N dluoIyD 009¢
/In9ay 01 Ajax17/40fe|N 8INdy//I0UIN 3INDY

959'6¢ 0 0 12L'T 89T €99 19€ Jouluw aIndy 00€C
pue 3]qels :[eaIpaw d1UoIyD

29¢g'see 0 0 896'G [\4 19'6C 6€9'T 3]qEIS ‘[edlpaw d1uoIyD 0060

Xew ueIpaN uin as ueaN JU32Jad Kauanbaid
1uaned/(yeq) saanypuadxa uonezifelidsoH swuaned onageiq uonduasag [3%e)4

600Z NI FdNLIANIdX3d NOILVZI'IVLIdASOH ANV

SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO THL

¢'d X1dN3ddV




M.Sc. in Pharm. (Pharmacy Administration) / 133

Fac. of Grad. Studies, Mahidol Univ.

967'66T 121'8T 0 §G8'0Y 182'1¢ 16T 60T $oav Jofen € ‘+5¢ 8y 0g6Y
‘suoleulquod AV 48410 6-9

880'Tey v.€'e 0 8vS'vy 298'8T 69°€ Y02 s9QV Jofen g ‘+6¢ 8by 0c6¥
‘suofjeulquio 9AY 18Y10 6-9

829'16 0 0 Y0p'ST T0S'9 0ce J¥A) sOav Jofen 1-0 ‘+5€ 8By 016V
‘suoleulqwod 9AY J8Yl0 6-9

€.£'852 0 0 6.6'6C 109'8 ¢8'S (445 sOav Jofen +z ‘+6 8bv (0159724
‘suoleulquod 9AV J8Yl0 S-7

188'€6T 0 0 G89'8T 1G6'S 0z'8 12514 $9AV Jofe T ‘+Gy 8bv (7474
'suoeuIqwod 9av YO S-i

€LT'CE 0 0 vze'y 182'T Y9 15¢ $9QV Jofey ou ‘+G¢ 8By (01474
‘suoleulqwod 9AY JAYI0 S

85€'a8Y 0 0 62291 918'T 9L'LE 060'C +G¢ aby 00T¥
‘suoleulqwod 9AY JYl0 £-¢

160'TirY 0 0 ¥€2'8S 20T'ST 10T 69 3]qelS [edIP3IA Q1U0IYD 009¢€
/1n23y 03 A|31T1/10[eIN 3INOV//IOUIIA 9INdY

102'12T 0 0 9zv'L 0SS 167 cle Joulw 8Indy 00€e
pue a|qels :[ed1paw d1UoIYD

T2T'S0T 0 0 669'€ €81 8've vLE'T 8| qels ‘[ed1pawl d1uoIyD 0060

XeN ueIpai uIN as ueaN 1U80I9d Kouanbai4
1uaned/(yeq) saanypusadxs uonezijeydsoH syusired onagelq uondiasaqg [3%e)"4

0T0Z NI FdNLIANIdXd NOILVZI'IVLIdASOH ANV
SIN3ILVd 21139VId 40 NOILNFI¥1SId 'SO0V ININOIYH LSO IHL

€3 X1dN3ddVv




Appendices/ 134

Roongkarn Pannarunothai

L€9'L¥S T0T'GC 0 8€8'LL v.E'8Y 1eC 8c1 $OQV ol € ‘+5¢ aby 0e6Y
‘suofjeulquiod 9AY JY10 6-9

80¢' Ly T2r'9 0 119'.S 669'82 LTV TEC s9QAV Jofe g ‘+6¢ 8bv 0c6¥
‘suofjeulquiod 9AY 4810 6-9

G29'ese 0 0 625'TE 2€0'0T 6L'¢ 01¢ sOQaV Jofei 1-0 ‘+5€ 3y 0161
‘suoleulqwod 9AY JaYl0 6-9

18€'9ey 0 0 WwToY 292vT eVl 1144 sOQV Jofeiy +2 ‘+G 3By [0[5747
‘suoleulquod 9AY JAYI0 S-7

008'66€ 0 0 ¥18'6¢ 20L'L 99°L vy $Oav Jofen T ‘+5p 8By [\fa%7
‘suofjeulquiod 9AY 4810 G-

€G6'0V 0 0 6€2'9 226'T 9L'¢ 80¢ $OQV JofelN ou ‘+Gt 8By (018774
'suoeuIqwod 9av YO S-i

¥52'85¢ 0 0 £VE'ST €86'T Zr'9e 9702 +5¢ abv 00TY
‘suoleulqwod 9AY JAYI0 £-2

1€9'0€L 0 0 ¥81'26 1€0'8T 9T'T 79 3|qeIS ([e3IP3IN dluoIyD 009¢
/In9ay 01 Ajax17/40fe|N 8INdy//I0UIN 3INDY

2eL'6L 0 0 €28’y G6€ 7’8 €8¢ Jouluw aIndy 00€C
pue 3]qels :[ealpaw d1UoIyD

Lv0'8 0 0 Gee (014 €6'7C 08€'T 3]qEIs ‘[edlpaw d1uoIyd 0060

Xew ueIpaN uin as ues|N JU8dIad Kouanbai4
(yeg) saanupuadxa uonezifeldsoH sjuaired onagelq uonduasag [3%e)4

TT0Z NI FdNLIANIdXd NOILVZI'IVLIdASOH ANV
SAN3ILVd 21139VId 40 NOILNGIY1SId ‘SOOV LNINOIH4 LSO THL

¥'34 X1IAN3ddV




M.Sc. in Pharm. (Pharmacy Administration) / 135

Fac. of Grad. Studies, Mahidol Univ.

686'Stry 80T'TC 699 96T'65 850'0% €8'C+35'6 40 soay Jofepy 05614
€ '+G¢ by ‘suoneulquod 9Av 124l 6-9

80.2'99T G8¢'8T 90'e LTT'VE 09€'TE 09'€+89°0T €9°¢ soqay Jofey 0c6¥
2 '+G¢ aby ‘suoleuiqwod 9AV 48yl 6-9

9G/.'86 0S2'TT 196 9v6'TC 16502 06'¢+80°'TT 18'C soqay Jofey (U194
1-0 '+G€ 30V ‘suonjeulquod 9AY 18YI0 6-9

000'€9¢ LT6'ET LET 6EV'SY 9vL'ee 88'C+/9'L 89'G soay Jofepy oery
+2 '+Gp 9By ‘suoneuiquioD 9AV YO G-

169'vve 296'6 0ST T15'0€ 1Sv'2e €8'2+86°L 899 soay Jofey (174774
T '+Gy 80V ‘suoljeuiqwod 9AV J8Yio -

S60'7CT 99T'9 ¢8T €08'0¢ Y12y 29'7+96'8 9Ky soqay Jofey (018774
0u '+G 8y ‘suoieulqwo 9AY J8Yio G-

0T9'85Y €€9'L 0 9L€'TE 9/6'6T 67'C+ST'9 18'9€ 00T¥
+Gg 8BV ‘suorreuIqwoD HAY 18I0 £-2

978'88T LTE'L LYy 6TL'0€ 9TT'6T 96'2+65'6 0S'T 31qeIS [ed1PsIN dluoiyd 009€
/1n2ay 0} Aj3x1T/10fe|\ 3INdY//I0UIA 9INdY

0ET'LTT 187"V ST 169'LT G06'0T EV'C+L0L 9C'L Joulw aIndy 00€C
pue a|qels :[ed1paw d1UoIYD

0.2'26T 8.8'Y 0 cer'oe ¥08'CT 20'C+e9y 65°LC 3]qels ‘[ed1paw d1uoIyD 0060

XeN UeIp3N Ul as UesiN (as+uesy)
1uaied;(yeg) sinupuadxs Bnig SHIN-XY JO 'ON N% uonduassq 90V

800¢ NI FdNLIAN3IdXd 9Ndd ANV

SON-XH 40 439INNN HLIM SOOV LNINOIYH 1SOW IHL
T'd XIAN3ddV




Appendices / 136

Roongkarn Pannarunothai

8.T'9€C G/8'ce 2C6'T 98€'GE 0TL'2E TV E+Lv0T 65T soqay Jofey 0g6Y
€ '+G¢ bV ‘suoneulqod 9AY 18YI0 6-9

L0¥'SLe v.8'7T 122 €58'eY L€1'0€ €0°€+2€0T 08¢ soay lofepy 0céy
2 '+6¢ 8Py 'suoneulquod 9av 124l 6-9

118'%12 11S'CT 099'T 991'82 eIT'ee SYE+TYTT ov'e soqay Jofey 0T6¥
7-0 '+G¢ 80V ‘suoieulqwod 9AY 18410 6-9

086'2617 899'0T €TL TvT'Gh 186'TE G8'C+0S L §8'G soqay Jofey (V9724
+2 '+Gy 8by ‘suoneuiquo) 5AV BYO G-

€56'C9T 696'0T YEL SYT've 8v6'02 v6'C+2T'8 80°L soay lofepy 0ocvy
T '+G 3PV ‘suonjeulquod 9av J2Yl0 5

GTO'€CT 8859 19T 202’02 'St ¥S'2+ee6 ¥9'e soayv Jofey (018774
0u '+G 8By ‘suoieulqwod 9AY J8yi0 G-

299'€GE 299'8 0 00€'TE 8E6'6T 65'2+5€'9 Gy'Se +Gg 8BV ‘suolreuIqWoD HAY 18I0 £-2 00T¥

G99/ 620'L ¥02'T TOL'ST 0EY'ET Y¥'Z+6L'6 4N 3IqeIS [edIP3IN dluoIyd 009€
/1n2ay 0} Aj3x1T/10fe|\ 3INdY//I0UIA 9INdY

0L2'16T 889't 44" ¥9L'vT 8G'6 1€7C+0T' L €99 Joulw aIndy 00€C
pue a|qels :[ed1paw d1UoIYD

022'19T €25y 0 129'7T 6GT'0T 90'C+8'Y T9'6¢ 3]qels ‘[ed1paw d1uoIyD 0060

XeN UeIp3N Ul as uesiy (as+ues|y)
usied;(yeg) ainupuadxs Bnug SHIN-XY JO 'ON N% uonduassq 90V

600¢ NI FdNLIANIdXd ONdd ANV

SON-XH 40 439INNN HLIM SOOV LNINOIYH 1SOW IHL
¢'d XIdN3ddV




M.Sc. in Pharm. (Pharmacy Administration) / 137

Fac. of Grad. Studies, Mahidol Univ.

€98'crT 887'T2 8¢L £98'62 625'0€ LEE+BY'6 L6'T soay Jofepy 05614
€ '+G¢ by ‘suoneulquod 9Av 124l 6-9

v.6'v1E 8/G'ST wvS'T 99/'6€ G9'0€ 15'€+06'6 69°€ soqay Jofey 0c6¥
2 '+G¢ aby ‘suoleuiqwod 9AV 48yl 6-9

¥8¥'70T 2ee'st 1812 STIS'TC 8ve'ce LTE+/0TT 0ce soqay Jofey 016V
1-0 '+G€ 30V ‘suonjeulquod 9AY 18YI0 6-9

008'585 060'9T or 80S'sy €81'2¢ VLTHIE L 28'S soay Jofepy oery
+2 '+Gp 9By ‘suoneuiquioD 9AV YO G-

885'L0V'T 160'0T T5€ 996'0L 8Te'ee 20€+88'L 0c'8 soay Jofey (174774
T '+Gy 80V ‘suoljeuiqwod 9AV J8Yio -

82T'6GE 980'8 GES 156'L2 SOP'9T 98'2+£6'8 Y9y soqay Jofey (018774
0u '+G 8y ‘suoieulqwo 9AY J8Yio G-

696'82E 6T6'L 0 2L6'L2 9zv'LT 9G'¢+9T'9 9/°LE 00T¥
+Gg 8BV ‘suorreuIqwoD HAY 18I0 £-2

688'00T 9€9'L 688 268'9T €90'€T YT'€+.2'6 L0'T 31qeIS [ed1PsIN dluoiyd 009€
/1n2ay 0} Aj3x1T/10fe|\ 3INdY//I0UIA 9INdY

€e.'/12 GEY'Y 6v Sve'stT LT.'8 0€'2+10'L 167 Joulw aIndy 00€C
pue a|qels :[ed1paw d1UoIYD

€0€'62T [4%47 S6 092'TT 8ET'8 68'T+ILY 8've 3]qels ‘[eda1paw d1uoIyD 0060

XeN UeIp3N Ul as UesiN (as+uesy)
1usied/(yeg) seanupuasdxs Bnua SOIN-XY JO 'ON N% uonduassq 90V

0TOZ NI FdNLIAN3IdXd 9Ndd ANV

SON-XH 40 439INNN HLIM SOOV LNINOIYH 1SOW IHL
€4 X1dN3ddVv




Appendices / 138

Roongkarn Pannarunothai

£69'50% 262'€C 9€8'T 902'0S 909'L€ TE'E+8Y'6 T€C soay Jofepy 05614
€ '+G¢ by ‘suoneulquod 9Av 124l 6-9

829'82¢ 99¢'6T GS6'T 120'8€ ¥09'62 62'€+8L'6 LTV soqay Jofey 0c6¥
2 '+G¢ aby ‘suoleuiqwod 9AV 48yl 6-9

6v9'70T 68¢'CT 9UY'T €08'ST 61S'LT 20°€+85°0T 6L°€ soqay Jofey (U194
1-0 '+G€ 30V ‘suonjeulquod 9AY 18YI0 6-9

v66'CTY 9G5'vT 1294 GTE'LE 66S'G2C 8THLOL eV’ soay Jofepy oery
+2 '+Gp 9By ‘suoneuiquioD 9AV YO G-

9€€'GES'T 6SY'TT €T ¥65'8L 8z¢'ve G6'2+88'L 99°L soay Jofey (174774
T '+Gy 80V ‘suoljeuiqwod 9AV J8Yio -

8TG'CET v6v'8 691 6TE'YT 0cT'eT YS'C+ES'8 9,'¢ soqay Jofey (018774
0u '+G 8y ‘suoieulqwo 9AY J8Yio G-

822'09¢ €€0'8 0 GE0'Se T6T'ST €5'¢+209 cr'9e 00T¥
+Gg 8BV ‘suorreuIqwoD HAY 18I0 £-2

890'2T2 6TT'8 188 r1'8e 6€2'ST 2L'7+60'6 IT'T 31qeIS [ed1PsIN dluoiyd 009€
/1n2ay 0} Aj3x1T/10fe|\ 3INdY//I0UIA 9INdY

89%'09 vy T8¢ 056'L 128'9 9E'C+L0L 7’8 Joulw aIndy 00€C
pue a|qels :[ed1paw d1UoIYD

6£9'90T ovT's 0 GE9'0T 657'8 ETHILY €6'1¢ 3]qels ‘[eda1paw d1uoIyD 0060

XeN UeIpaN Ul as uesiy (as+uesy)
1usned/(yeg) seanupusdxs Bniq SHIN-XY JO 'ON N% uonduassq 90V

TT0Z NI FdNLIAN3IdXd ONdd ANV

SON-XH 40 439INNN HLIM SOOV LNINOIYH 1SOW IHL
¥'4 X1dN3dddV




Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 139

APPENDIX G.1
EXPENDITURE PER PATIENT PER YEAR FROM 2008 TO 2011

Year Outpatient expenditure (Baht)
Mean SD Min Median Max
2008 20,647 30,704 50 8,945 471,310
2009 20,001 30,258 50 9,540 509,400
2010 19,870 35,243 220 9,952 1,449,268
2011 18,296 33,531 50 10,289 | 1,570,346
Hospitalization expenditure (Baht)
2008 4,261 20,814 0 0 422,311
2009 4,228 21,633 0 0 509,243
2010 4,487 24,387 0 0 674,176
2011 6,400 29,828 0 0 730,631
Drug expenditure (Baht)
2008 18,701 30,225 0 7,024 458,610
2009 17,793 29,133 0 7,371 492,980
2010 17,389 34,002 0 7,570 1,407,588
2011 16,187 33,108 0 8,172 | 1,535,336
Total expenditure (Baht)

2008 24,908 38,926 50 10,678 496,730
2009 24,229 39,043 50 10,887 540,803
2010 24,357 44,074 250 11,066 | 1,449,268
2011 24,695 46,419 100 11,820 | 1,570,346
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BIOGRAPHY
NAME Mrs. Roongkarn Pannarunothai
DATE OF BIRTH March 11, 1968
PLACE OF BIRTH Phitsanulok, Thailand
INSTITUTIONS ATTENDED Chiang Mai University, 1984-1988:

Bachelor of Pharmacy
Naresuan University, 2000:
Doctor of Pharmacy Program
in Pharmaceutical Care
Mahidol University, 2012:
Master of Science in Pharmacy
(Pharmacy Administration)
SCHOLARSHIP The 60" Year Supreme Reign of his
Majesty King Bhumibol Adulyadej
Scholarship, granted by the Faculty
of Graduate Studies Academic
Year 2010, Mahidol University
POSITION & OFFICE Buddhachinaraj Hospital,
90 Srithamtripidok Road, Nai Mueang,
Phitsanulok, Thailand 65000
Position: Pharmacist
Tel. 0-5527-0300
Email: roongkarnp@yahoo.com
HOME ADDRESS 47/3 Moo 5 Tumbon Plychumpon
Ampher Muang
Phitsanulok, Thailand 65000



