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ABSTRACT

Background: Because the conventional diabetes screening program (Thai
Diabetes Risk Score (TDRS), Fasting Capillary Blood Glucose (FCBG) and Fasting Plasma
Glucose (FPG)) was inconvenient, this study had been using the serial combination test of
TDRS, Random Capillary Blood Glucose (RCBG) and HbAlc, which do not require a fasting
period. So, an evaluation of this program has been earmarked for study.

Methods: A cross-sectional observational study was designed. The 441
participants, aged >=35 years old, without known diabetes, were randomly selected by multi-
stage stratified sampling. All had taken the FPG and 2 hours post-load plasma glucose as the
gold standard tests. RCBG was measured by using the biosensor method with a glucose
oxidase enzyme portable device and HbAlc was measured by using the Boronate affinity
method. Based on the receiver operating characteristic curve, the optimal cut-off points for
diabetes diagnosis were defined and the performance statistics were compared between the
two programs.

Results: The incidence of diabetes was 11.3%. The convenient program had been
using a TDRS cut-off point 6 points, with a RCBG cut-off point of 135mg% and an HbAlc
cut-off point of 7.2%. For identifying the Newly Diagnosed Diabetes sufferers (NDD), a
sensitivity of 38.0%, a specificity 95.9%, a Positive Predictive Value (PPV) 54.3%, a Negative
Predictive Value (NPV) 92.3%, a kappa statistic 0.390 and a proportion of agreement o
89.3% (p<0.001) were used. The conventional program had been using a TDRS cut-off point
of 6 points, an FCBG cut-off point of 126 mg% and an FPG cut-off point of 126mg% and the
performance of this identifying NDD had a sensitivity of 22.0%, a specificity of 100%, a PPV
of 100%, an NPV of 90.9%, a kappa statistic of 0.333 and a proportion of agreement of 91.1%
(p<0.001)

Conclusion: The combination of TDRS, RCBG and HbAlc provided a moderate
accuracy index and a fair agreement of the reliability index. It had a specificity that was the
same as the conventional program, but it had a better sensitivity and reliability index.

KEY WORDS: DIABETES SCREENING/ SCREENING TEST/ RCBG/ HBA1C / A1C/
T2DM/PRE-DIABETES
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CHAPTER |
INTRODUCTION

1.1 Rationale and justification of the study

Over the past thirty years, then and now, diabetes has been one of the most
important global public health problems. The prevalence of diabetes for all age-groups
worldwide was estimated, it increases from 2.8% in 2000 to 4.4% in 2030, the total
number of people with diabetes is projected to rise from 171 million in 2000 to 366
million in 2030 and the urban populations in developing countries are projected to
double(1).Most diabetes (around 90-95%) is Type 2 diabetes(2).Type 2 diabetes is
common in middle age group, however, it tend to frequently observed among children,
adolescents and younger adults (3).

In Thailand, the results of Thai National Health Examination Survey, since
1991 to 2009 the prevalence of diabetes had increased from 2.5% to 7.5% and since
2004 to 2009 the undiagnosed diabetes of men had increase from 1.3% to 1.8%, while
from 1.0% to 1.2% in women(4, 5). Data from Banthaen sub-district diabetes
screening reported in 2011, 2012 and 2013 had pre-diabetes 14.3%, 9.7% and 12.0%
respectively, the incidence of Newly Diagnosed Diabetes which annually progressed
from pre-diabetes were 9.5, 14.0 and 9.8% respectively (6). According to the review,
the status of diabetes management in Thailand has shown high burden of disease and
high costs of diabetes care for prevention its acute or chronic complications, but
almost outcomes of diabetes care had been unachieved (7). Therefore, its demand to
be preventive intervention for diabetes.

Prevention of Type 2 Diabetes is whole lifetime of long task and requires
an integrated approach operating to identify population at risk and prioritising people
for intervention on the intermediate state of the disease that term by “Pre-diabetes”.
Even if, the several studies of cost-effective of diabetes screening and prevention
models in western life style (8-10), it seems too expensive for low income country.

The major problems is what appropriated diagnostic test that detect pre-diabetes or



Dusit Khumchaiyaphum Introduction /2

diabetes risks and cost-effective of interventions are considered to be inexpensive and
adapted to Thai culture(11).

At the present time, Pre-diabetes is divided two categories by diagnostic
test: Impaired Glucose Tolerance Test (IGT) and Impaired Fasting Glucose (IFG).Pre-
diabetes is a major risk factor for development of Type 2 diabetes (12) and it is a
component of the metabolic syndrome(13) , thereby associated with modest increases
in the risk for cardiovascular disease(CVD) (14) and might be associated with a highly
risk of stroke in the future. (15)

American Diabetes Association (ADA) recommendations for diabetes

screening test should be considered in all adults who were overweight (BMI more than

or equal 25 kg/m2) and who have one or more additional risk factors for diabetes. In
those without these risk factors, testing should begin at age 45 years old. If the results
are normal, testing should be repeated at least at 3 year-intervals, while those with
pre-diabetes should be tested annually (2).

The identification of patients with diabetes or pre-diabetes by screening
allows for earlier intervention, with potential reductions in future complication rates
(16). Screening tests for type 2 diabetes include risk assessment questionnaires,
biochemical tests and combinations of the two. Screening tests are usually followed by
diagnostic tests to detect newly diagnosed diabetes. These tests are using standard
criteria in order to confirm diagnosis(17). Combinations of the tests by using multiple
tests in series can enhance the Positive Predictive Value by increasing the prevalence
of disease in the population receiving the second screening test. Screening programs
can initially use a less expensive and more sensitive test, then use more complicate,
more specific, and more expensive test. Strategies that use multiple screening tests will
not detect more undiagnosed cases but may allow for more efficient use of
resources(16).

Reviewing of the performances of various screening methods for detecting
undiagnosed type 2 diabetes showed that questionnaires tend to perform poorly,
whereas biochemical tests perform better. Venous and capillary glucose measurements
perform better than urinary glucose or glycated haemoglobin Alc (HbAlc)

measurements and postprandial or post—glucose load glucose levels have advantages
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over fasting levels. Performance of all screening tests is depend on the cut-off point
selected .(18)

The ADA diagnostic criteria are Fasting Plasma Glucose(FPG) >=126
mg% or Oral Glucose Tolerance Test (OGTT) >=200 mg% or HbAlc >= 6.5 %.The
American Association of Clinical Endocrinologists (AACE) and the World Health
Organization (WHO) use the ADA criteria for diabetes; the AACE advises
confirmation with fasting plasma glucose testing when the diagnosis is made on the
basis of HbAlc testing. For the identification of pre- diabetes, the ADA is the sole
group to fully endorse HbAlc testing, with a cutoff range of 5.7 to 6.4% and no
recommended confirmatory testing. The AACE allows for the use of HbAlc testing
screening for pre-diabetes but stipulates needed for follow-up testing of fasting plasma
glucose for those with values of 5.5 to 6.4%, while WHO not recommended using
HbA1c test for pre-diabetes diagnosis (2, 19).

Although randomised trials are lacking to definitively show benefit,
whether fasting plasma glucose or HbAlc is measured remains debatable. It is unclear
whether the risk of complications of diabetes differs according to whether the disease
was diagnosed by means of fasting plasma glucose testing only or HbA1c testing only.
Preliminary data from a large, community-based prospective cohort study suggested
that the HbAlc level, which integrates fasting and postprandial glucose levels over a
longer period, might be better predictor of certain complications especially
cardiovascular disease. The HbAlc test may be the answers of the question about
definition of pre-diabetes which should depend on the goals of diabetes care or it is
just an abnormal blood glucose level monitoring. It is also not known whether the risk
of diabetes differs between patients identified as having pre-diabetes by means of
HbA1lc testing and those identified by means of fasting plasma glucose testing.(18)
However, giving that the yield of testing is higher when both tests are performed; most
guidelines suggested the use of single test initially. If the patient has positive results on
both tests, the diagnosis confirmed. If only one test is positive, It would repeat the
same test on a separate day(19).

Thailand standard of diabetes guideline recommendation did not use the
HbA1c test for diabetic screening, because of the laboratory standardization problems,

a higher cost than plasma glucose test and high prevalence of hemoglobinopathy in
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most part of Thailand (20). However, the advantages of HbAlc test are not required
fast period before testing, a low biological variability, it is a marker of long-term
glycemia that stable during acute illness, a sample stability in vial, global standardized
and closed association of result with complications (19). Consequently, it seems to be
the proper test for selective group screening or be the opportunity for screening type.

Thailand national diabetes screening program included the series of
combination test ; Questionnaire,Fasting Capillary Blood Glucose test(FCBG) and
Venous Fasting Plasma Glucose test(FPG) (20). Because the inconvenient of this
conventional program must be fasting period before taking blood test and taking 2-4
visits for screening and diagnostic confirmation, so the patients have been tendency
loss following and unsustainable to access this program.On review data of screening
program in Banthaen hospital had shown almost persons who FCBG >=110 and <126
mg % should be followed FPG,they had not consequently FPG test to confirm
diagnosis,only person who FCPG >=126 mg% had been followed FPG and more than
haft had not be followed the second confirmation test.The coverage of diabetes
screening program of BanThaen hospital had trend to decrease from 98.5%, 96.1%,
89.3% and 66.5% in 2010, 2011, 2013 and 2014 respectively(6)

The study has been developing the appropriated diabetes screening
program based on the review of epidemiological study of diabetes screening test,
which is aim for the integrated screening program to detect undiagnosed diabetes for
the early treatment and to detect pre-diabetes for economy prevention of diabetes and
CVD. The strategy multiple test with selective group screening is the key of this
protocol. Ongoing research diabetic screening program is assessing the value of risk
scores with questionnaire that selected risk population for pre-diabetes, diabetes and
CVD. Then the screening with the series of random capillary blood glucose test
(RCBG) and confirm diabetes diagnosis with glycated Haemoglobin Alc test (HbALc)
should be applying.The advantage of these combination tests is convenient for people
and health staff to operate one step for three tests in the same time at once and
everywhere. Because it does not need fast period before testing. It is simply to design
screening service with mobile team for proactive selected screening in community or

opportunistic screening at health center or hospital.
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Even there is valid and reliable documentary of each screening test but no
study of these combination tests. However, the question of validity and reliability of
these combination tests have been sufficiency in program setting, the sensitivity and
specificity of these combination tests are key factors for the considerable comparing
with conventional diabetic screening program (Questionnaire, Fasting Capillary Blood
Glucose and FPG). Therefore, the performance of the tests, validity and reliability is
the first step to study. Performance of this protocol should be approval before applied
a pilot project community-based diabetes screening and prevention program and
considerable next step to extend for implementing the practical selected group
screening program for other area as standard screening program. Therefore, the
performance of the three tests; validity and reliability is the first step to study before
using these combination tests in pilot project of one stop service diabetic screening

model.

1.2 Research Questions

The research questions were as follows:

1.2.1. What are the performance of the TDRS, RCBG and HbAlc for
identifying newly diagnose diabetes (NDD), pre-diabetes and abnormal blood glucose
(ABG) ?

1.2.2. Are the difference of the performance of the test between RCBG vs.
FCBG and FPG vs. HbAlc for identifying NDD, pre-diabetes and ABG ?

1.2.3.Are the different of the performance of the screening program
between convenient program (TDRS, RCBG and HbAlc ) and conventional program (
TDRS, FCBG and FPG for identifying NDD, pre-diabetes and ABG ?
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1.3 Research Objectives

1.3.1 General objective
To evaluate the performance of the combination tests (TDRS, RCBG and
HbA1c) for convenient diabetes screening program which should be using in selective

group screening of Thai population.

1.3.2 Specific objectives

1.3.2.1.To determine the results of abnormal detection of each
test which should be used diagnosed diabetes classification.

1.3.2.2.To determine the performance of the screening
protocols ; TDRS, FCBG test, RCBG test, HbAlc test, FPG test and 2h OGTT test for
identifying NDD, pre-diabetes and ABG.

1.3.2.3.To compare the different of the performance among
gold standard test, TDRS, FCBG test, RCBG test, FPG test and HbAlc test and the
difference of of the performance between RCBG vs. FCBG and FPG vs. HbAlc for
identifying NDD, pre-diabetes and ABG.

1.3.2.4.To compare the performance of the screening program
between convenient program (TDRS, RCBG and HbAlc ) and conventional program (
TDRS, FCBG and FPG) for identifying NDD, pre-diabetes and ABG.
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1.4 Conceptual framework

Screening test variables

First, determined the optimal cut-off point of TDRS, RCBG and HbAlc.

e Screening test with TDRS
e Screening test with RCBG
e Screening test with HbAlc

Then, selected optimal cut-off point of TDRS, RCBG and HbA1c from step | for combination test to
development the convenient diabetes screening program

¢ Serial Combination Screening test with TDRS, RCBG & HbAlc

l

Last, comparison of performance between the convenient M
program (TDRS, RCBG and HbA1c) and conventional Variables
program (TDRS, FCBG and FPG) for diabetes diagnosed o ]
classification Classification of Diabetes
* Percentage of newly
e Serial Combination Screening test with TDRS, ——» diagnosed diabetes
RCBG & HbAlc ¢  Percentage of
e Serial Combination Screening test with TDRS, d!agnosed pre-
FCBG & FPG diabetes

* Percentage of
diagnosed ABG

Figure 1.1 Conceptual framework
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1.5 Operational definitions
The operational definition of variables in this study were defined as

follows:

1.5.1 Outcome variables:

Normal Blood Glucose refer to OGTT level less than 140 mg % and FPG
level less than 100 mg%.

Abnormal Blood Glucose refer to OGTT level more than or equal 140
mg% or FPG level more than or equal 100 mg%.

Pre-diabetes defined as persons who has abnormal blood glucose cut-off
point which do not associated with chronic diabetic microvascular complication, but
relate to diabetes progression.Abnormal blood glucose in pre-diabetes range divide in
2 groups as follows:

-Impaired Fasting Glucose (IFG) refer to persons who FPG level more
than or equal 100 mg% to less than 126 mg%, but OGTT level less than 140 mg%.

-Impaired Glucose Tolerance (IGT) refer to persons who OGTT level
more than or equal 140 mg% to less than 200 mg%, but FPG level less than 126 mg%.

Diabetes defined as persons who has abnormal blood glucose cut-off point
which associated with chronic diabetic microvascular complication.

Newly diagnosed diabetes refer to persons who did not ever had diabetes
before screening test was done and the result of gold standard tests were OGTT level
more than or equal 200 mg% or FPG level more or equal 126 mg%.

It was noted that normal population refer to persons who are no diabetes
risk and blood glucose value by OGTT and FPG within normal range. High risk
diabetes population refer to persons aged more than or equal 35 years old who are
additional other diabetes risk factors or diabetes risk score more than or equal 3 points.

1.5.2 Screening test variables

Screening test with Questionnaire refer to the screening protocol with
Thai diabetes risk score.

Screening test with RCBG refer to the screening protocol with random

capillary blood glucose .
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Screening test with FCBG refer to the screening protocol with fasting
capillary blood glucose.

Convenient Diabetes Screening Program refer to the serial screening
protocol with TDRS, RCBG and HbA1c.

Conventional Diabetes Screening Program refer to the serial screening
protocol with TDRS ,FCBG and FPG.

1.5.3 Clinical Characteristic variables:

Morbidity refer to underlying disease or chronic disease that should be
treatment and follow up more than and equal 6 months.The morbidity which related
diabetes and effected with glucose blood test should be choices to choose such as
Hypertension, Dyspidemia, Gout, Cardio Vascular Disease, Anemia, Thalassemia and
Chronic Renal Failure. Other morbidity should be specify by participants.

History of Acutely illness refer to the condition of illness in last 3 months
periods which onset of illness and duration of illness were less than 2 weeks.

History of herbal ingestion refer to the ingestion of herbal,pill or drug on
the counter for relief pain which may be probable steroid substances in last 3 months
periods.

History of psychologic stress problem refer to condition of psychologic
Anxiety disturbance which has induced by any stress problems,but its severity was not
criteria diagnosis of Neurosis or Psychosis.

History of current meal time before RCBG refer to duration of current
meal time before RCBG test to the time of RCBG test was done.lIt is estimated in hour.

Body weight (BW) refer to amount of body weight ,measure in kilogram
scale(Kg.),which was measured by the spring weight measurement device.

Height refer to amount of high measure in centimetre scale(cm.).

Body Mass Index (BMI) refer to amount of body mass index or thickness
of body ,measure in kilogram per metre square scale(Kg/m?), which is calculated by
formula as ; Body weight (in kilogram scale)/((high(in metre scale) x high(in metre
scale)). BMI classification was define as follows:

- Low BMI defined by BMI <18.49 kg/m?

- Normal BMI defined by BMI 18.5-22.9 kg/m?
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- Overweight-At Risk (for asian people) defined by BMI 23-24.9 kg/m?

- Overweight defined by BMI 25-29.9 kg/m?

- Obesity defined by BMI >=30 kg/m?

Waist Circumference (WC) refer to amount of abdominal circumference
,measure in centimetre(cm.) which was measured from the each line of mid point
between costal margin and superior posterior iliac spine pass through the umbilicus.
Abnormal WC defined by WC of 90 cm in men and 80 cm in woman.

Blood Pressure (BP) refer to amount of average blood pressure ,measure
in mm-Hg scale ,which was measured by digital blood pressure measurement portable
device 3 time.lIt is divided in 2 category as follows:

-Systolic blood pressure(SBP) define a blood pressure of cardiac
pumping blood form left ventricle to blood circulation.

-Diastolic blood pressure(DBP) define a blood pressure of cardiac
muscle relaxation for sucking blood form blood circulation right ventricle.
Hypertension defined by SBP >140 mmHg or DBP > 90 mmHg.

Random Capillary Blood Glucose (RCBG) level refer to amount of
capillary blood glucose test measure in milligram per decilitre scale(mg/dl or mg %)
which was done any time of the day or night by Glucose Meter Portable Device.

Glycated Haemoglobin Alc (HbAlc) level refer to amount of venous
blood glucose test in percent of glycated HbAlc scale (%) which was measured by
Boronate method of HbAlc assay equipment.

Fasting Capillary Blood Glucose (FCBG)level refer to amount of
capillary blood glucose test in milligram per decilitre scale(mg/dl or mg %) which was
done at fasting condition (duration fasting time more than and equal 8 hours) by
Glucose Meter Portable Device.

Venous Fasting Plasma Glucose(FPG) level refer to amount of venous
blood glucose test in milligram per decilitre scale(mg/dl or mg %) which was done at
fasting condition (duration fasting time more than and equal 8 hours) by Glucose
oxidase method for glucose assay Automated Equipment.

Oral Glucose Tolerance Test(OGTT) level refer to amount of venous
blood glucose test in milligram per decilitre scale(mg/dl or mg %) which was done at

after 75 g. of glucose load via oral route condition (duration fasting time more than
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and equal 8 hours before glucose loading) by Glucose oxidase method for glucose
assay Automated Equipment.

2 hours Oral Glucose Tolerance Test(2-h OGTT) level refer to amount
of venous blood glucose test in milligram per decilitre scale(mg/dl or mg %) which
was done at 2 hours after 75 g. of glucose load via oral route condition (duration
fasting time more than and equal 8 hours before glucose loading) by Glucose oxidase
method for glucose assay Automated Equipment.

1.5.4 Individual Behavior variables

History of current smoking refer to cigarette smoking habit which was
described with frequency,amount and continue smoking into last 3 months.

History Alcohol consumption refer to alcoholic consumption habit which
was described with frequency,amount and continue alcoholic consumption into last 3
months.

Physical activity habit refer to physical activity habit which was
described with frequency,intensity and continue practice into last 3 months.Finally,it
was evaluated with standard exercise for CVD or diabetes prevention to chose in 3
choices such as; sedentary behaviour, Somewhat active and Moderately active to Very
active.

Dietary intake habit refer to dietary intake habit which was described
with frequency of low fibre ,high fat or high calorie or sweet foods and continue
practice into last 3 months.Finally,it was evaluated with modify quality dietary score
to chose in 2 choices such as; Somewhat bad dietary Practice, Often to bad dietary

Practice.

1.5.5 Socio-demographic variables

Age: age determined as chronologic age of participant which was
estimated in year. In part of diabetes risk score ,age was determined as ratio scale
which was measured in year.

Sub-district Residence : Sub-district residence was defined as area of
sub-district level that participant had been live from last year to currently residence,it
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was nominal scale which was divided in categories; 1.BanThaen , 2.BanToa,
3.Srapung, 4.Samsuan, 5.Nongkoo.

Gender: refers to sex characteristic of Participants, it was the nominal
scale variable which was divided in 1.male and 2.female.

Education: refers to level of highest education of participant,it was
ordinal scale variable which was divides in 5 categories;1.No education, 2. Primary
level, 3. Secondary level or Diploma degree, 4.Bachelor degree and 5. Higher than
Bachelor degree

Registered Health center : Registered Health centre defined as primary
care unit that Participants had been registered for using primary care unit ,or
catchment area of primary care unit that covered the currently residence of
participants.lt was nominal scale which was divided in categories; 1.BanThaen
hospital, 2.BanToa Health Center, 3.Srapung Health Center , 4.Samsuan Health
Center, 5.Nongkoo Health Center. 6.Donkhingkang Health Center ,7.Lupkai Health
Center.

Occupation: Occupation defined as main working for earning of
participants, it was ordinal scale variable which was divides in 8 categories;
1.Substance Farmer/gardener 2. Labourer, 3. Government officer, 4.Private Company
officer, 5.0wn small business, 6.House hold, 7.Retire employee or Government
officer, 8.0Other.

Income :Income refer to earning of Participants such as salary ,money
from main working or extra working etc.It was estimated in baht per year.In case
participant which was working with their family,the income of family was estimated

the income of participant should be estimated later.

1.6 Limitation of the study

The major limitation was that, this study was a epidemiological
observational survey design and had been using cross-sectional data collection,so its
result had shown the prevalence of pre-diabetes and incidence of newly diagnosed
diabetes and performance of screening program at time of study, but it did not

predicted relation of diabetes progression in the future.
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The data collection about clinical characterise factors was not intensive
quality control as the screening procedure,so it was limitation to analysis odd ratio for
evaluation the correlation of diabetes risk factors and diabetes or pre-diabetes
detection.

Some questions are author to analysis risk different of proportion of
diabetes detection of the two combination screening program,because of this study
design for detection pre-diabetes and diabetes, so the sample size may be smaller for
the low diabetes incidence which amount of diabetes sample too low to analysis risk

difference of the two screening program.
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CHAPTER I
LITERATURE REVIEW

This chapter reviews the knowledge of diabetes,theories of screening type
2 diabetes and related research studies for support this study as follow:

2.1 Basic knowledge of diabetes and metabolic syndrome

2.2 Theories of Screening of Type 2 diabetes

2.3 Related research studies

2.4 Summary

2.5 Future research

2.1 Basic knowledge of diabetes and metabolic syndrome

Diabetes is a group of metabolic diseases with disturbance of
carbohydrate, fat and protein metabolism that characterized by hyperglycemia
resulting from defects in insulin secretion, insulin action or both. The chronic
hyperglycemia of diabetes is associated with long-term damage, dysfunction and
failure of different organs; especially eyes, kidneys, nerves, heart and blood vessels
(21). Because of the etiology and the pathogenesis of disease, the clinical staging
reflected that diabetes progresses through several clinical stages during its natural
history (22) , that was mainly classified in 4 types - type 1 diabetes, type 2 diabetes,
gestational diabetes and other specific types of diabetes (2).

Type 2 diabetes (T2DM)
Type 2 diabetes or adult-onset diabetes previously referred to as non-

insulin dependent diabetes (22). Although the specific etiologies are not known,
autoimmune destruction of Beta-cells of pancreas does not occur. Hyperglycemia in
type 2 diabetes resulting from progressive defects in insulin secretion and action, Early

type 2 diabetes usually have insulin resistance and relative insulin deficiency,
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ketoacidosis seldom occurs spontaneously, for these reasons it does not need insulin
treatment to survive , as long as beta-cell function producing and secreting
compensatory insulin to maintain blood glucose, from onset of type 2 diabetes
diagnosis, beta-cell function continue declining, until the late stage of type 2 diabetes
beta-cells of pancreas had deteriorated beta-cell function and failed in producing and

secreting insulin, that time it needs insulin therapy (2).

Pathogenesis of type 2 Diabetes

-Glucose Homeostasis

Glucose is the source of body’s energy, the normal blood glucose level
before meal is between 60 to 120 mg/dl. After ingestion rising glucose level in blood
stream, stimulates the production and release of insulin and the oral ingestion of food
also stimulates glucagon-like peptide-1(GPL-1) that stimulates the secretion of insulin
and suppression of glucagon hormone, GPL-1 helps trigger satiety after food is
ingested. These hormonal changes help to maintain normal blood glucose by utilizing
the incoming glucose to influx into cells and shutting down endogenous glucose
production. During postprandial time, glucose is stored in muscle and liver as
glycogen. Any interruption at steps in these mechanisms can lead to
hyperglycemia.(23)

-Beta cell of pancreas and insulin production and secretion

Within the pancreas are the insulin-producing clusters of the glucose-
sensitive beta-cell as islet of Langerhans. The typical insulin secretion pattern occurs
in two phases. Phase one, occurs during 15 minutes after food ingestion, represents the
secretion of previous insulin was stored within the beta-cell. Subsequently, the second
phase represents the release of newly manufactured insulin by the continued increase
in the postprandial glucose level signals the nucleus of the beta cell where DNA coded
for insulin production is located and begins to reproduce its code onto messenger
RNA, which in turn signals, more insulin is produced.(23)

Isolated Impair Fasting Glucose(IFG) have defects in first-phase or early
insulin secretion, whereas isolated Impair Glucose Tolerance(IGT) have more severe
defects in second-phase or late insulin secretion.(24) In addition to Free Fatty Acid

(FFA) that circulate in plasma increasing amounts, type 2 diabetes patients have
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increased stores of triglycerides in liver and muscle. The triglycerides in liver and
muscle are in a state of constant turnover and the metabolites of intracellular
triglyceride lipolysis impair insulin action in both liver and muscle. This sequence of
events has been referred to as lipotoxicity. The evidence also has accumulated to
implicate lipotoxicity as an important cause of beta-cell dysfunction.(25) Over time,
the number of beta-cell decline due to glucose toxicity and lipotoxicity, then beta-cell
function is decreasing. The abnormalities in beta-cell function loss results in early type
2 diabetes with postprandial hyperglycemia. Islet amyloid deposition is a pathogenic
feature of type 2 diabetes, the extent of amyloid deposition is associated with both
impairment in insulin secretion and loss beta-cell mass (26), thus beta-cell function
continues to deteriorate, the insulin secretion is not enough to maintain normal glucose
level, besides postprandial insulin secretion becomes inadequate, so does basal insulin
secretion leads to fasting hyperglycemia. After many years pass by, many patients
become severely insulin deficiency (24)(25).

-Insulin resistance

Insulin controls glucose homeostasis through the suppression of hepatic
glucose production and stimulation of peripheral glucose uptake. Insulin resistance
occurs when the ability of insulin action is impaired. The initial phase of type 2
diabetes is the development of insulin resistance, the normal compensatory
hyperinsulinemia is sufficient to maintain normal fasting and postprandial plasma
glucose level.(23)

Isolated IFG manifest hepatic insulin resistance, in contrast Isolated IGT
are characterized by severe muscle insulin resistance and less severe hepatic insulin
resistance. (24) Type 2 diabetes patients have increased stores of triglycerides in
muscle and liver, which correlate closely with the presence of insulin resistance in
these tissues.(25) Most patients with this form of diabetes are obese (2) , which causes
some degree of insulin resistance.(27) Both lean and obese type 2 diabetics are
characterized by the long elevations in the plasma FFA concentration and progression
of glucose intolerance is now recognized that chronically elevated plasma FFA
concentrations cause insulin resistance in muscle and liver and impair insulin

secretion.(25)
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In summary, the pathophysiology of hyperglycemia in type 2 diabetes is
complex and involves both genetic and acquired factors. Among the acquired factors,
weight gain and physical inactivity are paramount importance. In diabetic individuals
with overt fasting hyperglycemia, elevated plasma FFA levels can cause the three
major pathogenic disturbances; 1) impaired insulin secretion by the pancreatic beta-
cells, 2) muscle insulin resistance, and 3) hepatic insulin resistance, are all play central
roles in the development that are responsible for impaired glucose homeostasis in type
2 diabetes, and are joined by the fourth “increase lipolysis” to form the
“disharmonious quartet”. Islet amyloid deposition is associated with both loss of beta-
cell mass and impairment in insulin secretion and glucose metabolism, and finally, has
become severely insulin deficiency of type 2 diabetes.(25) By reducing insulin
resistance, they protect and preserve the beta-cell function, but there is no intervention

has shown any direct effect on beta-cell function yet.(28)

Pathophysiology of Chronic complication of Type 2 Diabetes

While hyperglycemia in diabetes result of metabolic dysfunction, chronic
complication of diabetes is a vascular disease that implicated both microvascular and
macrovascular disease. The epidemiological studies, UKPDS have shown the
microvascular complication directly related to the degree of the glycemic control, but
there was less benefit with CVD prevention.(29) However, the follow up of after
UKPDS and meta-analysis have shown the glycemic control was significantly reduced
CVD events.(30) Several prospective studies describe the macrovascular
complications are likely multifactorial risk factors.(14) Even it is clear that metabolic
control is prevent or delay both complication(31) , the mechanism of diabetic
microvascular complication and diabetic macrovascular complication are complex.

Microvascular complications in diabetes have included retinopathy,
nephropathy and neuropathy. In each of these complications, pathologic changes and
cellular dysfunction are both nonvascular tissue and vascular changes. Many disease
mechanisms are described such as oxidative stress, glycation and activation of protein
kinase C, however, further study of these mechanism has been challenging.(32)

Diabetic macrovascular complications in patients with diabetes are

secondary to arteriosclerosis which related with pre-diabetes and other metabolic risk
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factors of CVD included dyslipidemia, hypertension, a prothrombotic state and a
proinflammatory state. A hypothesis for the initial lesion of atherosclerosis is
endothelial dysfunction, defining pragmatically as changes in the concentration of the
chemical messengers produced by the endothelial cell (EC) and blunting of the nitric
oxide-dependent vasodilatory responded to acetylcholine or hyperemia. Endothelial
dysfunction has been documented in patients with diabetes and in individuals with
insulin resistance. These endothelial alterations contribute to excess cardiovascular
disease in diabetes. The mechanisms underlying endothelial dysfunction in diabetes
differ between type 1 diabetes and type 2 diabetes: hyperglycemia contributes to
endothelial dysfunction in all individuals with diabetes, whereas the causative
mechanisms in type 2 diabetes also include impaired insulin signaling in endothelial
cells, dyslipidemia and altered secretion of bioactive substances (adipokines) by
adipose tissue. Glucose and adipokines activate specific intracellular signaling
pathways in endothelium, which is in concert result in endothelial dysfunction.
Endothelium-derived factors are thought to be physiological modulators of large artery
stiffness. From the clinical perspective, EC function has been estimated by measuring
changes in blood flow. (33)Recently, the study has shown association between glucose
tolerance status and arterial stiffness , especially IFG. Increasing in FPG, even within
the normal range, is associated with aggravated arterial stiffness (34), it also increased
insulin resistance that may associate with increased arterial stiffness at peripheral
arteries in pre-diabetes patients (35), and diabetes patients with satisfactory glycemic
control were associated with lower arterial stiffness.Recently, study in type 2 diabetes
on top of hypertension might worsen arterial compliance by endothelium-related
mechanisms, in additional study a short-term treatment with antihypertensive
(Vasatan) improves arterial stiffness and the glucose status at baseline is associated

with this effect.(36)

Natural history of type 2 diabetes

The nature of disease means course of disease progresses, symptoms
develop and after a variable period of time that unaffected by treatment, the outcome
of the process which could be recovery, disability or death. At any point along

trajectory the disease may resolve or progresses may be delayed by intervention. The
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period of Pre-pathogenesis or stage of susceptibility and period of Pathogenesis of
disease or natural course of disease which both stage combined are referred to the
natural history of disease. The period of pathogenesis is subdivided into Preclinical or
Asymptomatic stage and Symptomatic stage or stage of clinical disease.(37)

Based on the epidemiological studies of etiology, pathogenesis and the
outcome of diabetes, are important evidence encompass with progression of beta-cell
dysfunction, impaired insulin action and diabetic complication. The natural history of
type 2 diabetes is composed of 3 main stages; Normoglycemia, Pre-diabetes and Stage
of diabetes (22).

-Normoglycemia

This stage has normal blood glucose level and normal glucose regulation,
however, someone has showed pathogenesis of diabetes as insulin resistance begins,
but beta cell function can be compensated by increasing of insulin production and
secretion to maintain normal blood glucose level. There are many underlying risk
factors, which are determinable factors of population at risk to develop pre-diabetes
and type 2 diabetes such as obesity, physical inactive, ageing and it occurs more
frequently in woman with prior GDM or delivered a baby weighing more than 4 kg,
individuals with hypertension or dyslipidemia, high-risk race (e.g., African American,
Latino, Native American, Asian American, Pacific Islander) and it associated with
strong familial, likely genetic predisposing (22) .But, blood glucose level range of this
stage did not predicted diabetes or pre-diabetes progression.And blood glucose level
of this stage did not associated with chronic complication progression especially
diabetic retinopathy.(38)

-Pre-diabetes

Pre-diabetes represent metabolic states intermediate between normal
glucose homeostasis and diabetic hyperglycemia (12) , which is characterized by mild
hyperglycemia, insulin resistance and early decrements in insulin secretory capacity.
Pre-diabetes is termed by preceding lengthy asymptomatic stage of type 2 diabetes(18)
, and WHO described as the name of “impaired glucose regulation” (22).Pre-diabetes
was defined as clinical stage of dysglycemia that blood glucose level making cutoff
point for diabetes diagnosis below or blood glucose level of this stage did not

associated with chronic complication progression especially diabetic retinopathy.But it
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had risk of diabetes progression, so it should followed blood test for early diabetes
diagnosis and then apply as criteria to selected high risk population for diabetes
prevention intervention.(38) Even IFG and IGT viewed as clinical entities in their own
right have been different on pathophysiology rather both risk to diabetes as well as
cardiovascular disease (2).

-Stage of type 2 Diabetes

Diabetes was defined as clinical stage of dysglycemia that blood glucose
level had made cutoff point for abnormal glucose regulation and associated with
chronic complication progression especially diabetic retinopathy.(38)The staging of
type 2 diabetes relevant to screening in the natural history of type 2 diabetes is
subdivided into 5 stages (16).

Undetectable preclinical stage is a period that follow the biologic onset
of disease to detect disease by screening of disease stage, during this period disease
remains undiagnosed by the screening test.This stage has abnormal glucose regulation
both early beta-cell dysfunction and insulin resistance but the blood glucose level was
maintain in normal range is compensated with hyperinsulinemia , however, there were
not symptoms of diabetes in this stage. Before this stage, there are many underlying
risk factors, which are determinable factors of population at risk to develop pre-
diabetes and type 2 diabetes, however dysglycemia is one of the 5 components of
metabolic syndrome, thereby it associated with CVD. Early on, the disease may be
difficult to detect with screening then as hyperglycemia increasing, screening test can
more readily detect it later.Even it not ready to be detected, diabetic complications
may develop from the undetected diabetes with long standing hyperglycemia (16) .

Detectable preclinical stage is a period of disease detectable by screening
but there were not symptoms of diabetes. This stage has continued progression of
beta-cell dysfunction and severely insulin resistance. Initially, postprandial
hyperglycemia may be the primary defect. Subsequently, fasting hyperglycemia may
develop, and the blood glucose level cutoff for diabetes which there is risk of diabetic
retinopathy, however, as undetectable preclinical stage, this stage is associated with
CVD. This stage has continued progression of beta-cell dysfunction and severely
insulin resistance. Initially, postprandial hyperglycaemia may be the primary defect.

Subsequently, fasting hyperglycaemia may develop, and the blood glucose level cutoff
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for diabetes which there is risk of diabetic retinopathy, however as undetectable
preclinical stage, this stage is associated with CVD (16).

Symptoms develop stage is the stage of clinical according to
hyperglycemic symptoms such as increase thirst and urine volume, weight loss and in
severe case, drowsiness and coma. It is uncertain duration from onset to overt
diabetes. The study had documented onset of diabetic microvascular complications 5-7
years before symptomatic stage (16).However, nearly one third of the newly
diagnosed type 2 diabetes subjects had some form of microvascular complication , so
when detected diabetes it must be screening the diabetic complication (16).

Complication detection stage is the stage of clinical which follow on
onset of the diagnostic stage with ongoing hyperglycemia. Diabetic complications
develop in relation to the duration and degree of hyperglycemia, but in practice the
onset of diabetic complication uncertain, and the epidemiological studies have shown
diabetic retinopathy in newly diagnosed diabetes patients. The goal of care is early
detected diabetic microvascular complications such as foot examination, eye
examination and microalbuminuria test at onset of diabetes or ongoing diabetes, and
then prompt corrected or delayed these complications with proper interventions. As
diabetic microvascular complications approach, the metabolic risk factors for
macrovascular complications such as hypertension, dyslipidemia and smoking should
be screening (16).

Major disability or Organ failure stage is the stage of clinical follow on
the progression of complications involving major organs such as End Stage Renal
Disease from diabetic nephropathy, blindness from diabetic retinopathy , amputated
limbs from peripheral neuropathy or peripheral artery disease, these situations need
supportive care for better quality of life, but it is not aggressive glycemic control. The
diabetic macrovascular complications such as Coronary Artery Disease (CAD) or
stroke are high mortality risk. Even patients survive from these conditions, they may
be suffering with Congestive Heart Failure from severe CAD or disability from sequel

of stroke and some patients are bed ridden state to care (16).
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Metabolic syndrome(MS)

Metabolic syndrome is the condition of the presence of multiple metabolic
risk factors for CVD and diabetes. In addition, person with these characteristics
commonly manifest a prothrombotic state and a proinflammatory state that denotes a
higher risk for acute cardiovascular syndrome (13).

An elevated glucose level is the one component of current consensus
definition of the metabolic syndrome. Others are abdominal obesity, elevated blood
pressure, elevated triglycerides, and reduced high-density lipoprotein (HDL)
cholesterol. Many investigators believe that insulin resistance is mediates all the
metabolic risk factors of the metabolic syndrome. The role of insulin resistance in
causing hyperglycemia is well established, though insulin resistance per se elicits
dyslipidemia and hypertension is uncertain. However, most person with the metabolic
syndrome are insulin resistance. It is not surprising for the overlapping prevalence of
pre-diabetes and metabolic syndrome.The metabolic syndrome is not only predicts
diabetes beyond abnormal glucose regulation, but also an abnormal metabolic
indicator of MS associated with high risk of cardiovascular disease.(39)

Metabolic syndrome defined by any 3 of 5 criteria (table 2.1) of metabolic
risk factors confer a diagnosis of the syndrome and the diagnosis of metabolic
syndrome has been remained, even it has already progressed to diabetes or CVD
events.(39)

Because IGT and IFG are often components of the metabolic syndrome,
thereby heightening the risk of cardiovascular disease. The meta-analysis study found
both IGT and IFG are associated with increased CVD risk (39) or Peripheral Vascular
Disease.(40)According to prospective data have shown the association with

microangiopathy.(41)
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Table 2.1 Criteria for Clinical Diagnosis of the Metabolic Syndrome (39)

Measure Categorical Cut Points

Elevated waist circumference (Population- and >90 cm in males;
country-specific definitions for asian by IDF >80 cm in females

or WHO)

Elevated blood pressure (antihypertensive drug = Systolic >=130
treatment in a patient with a history of | and/or diastolic >=85 mm Hg

hypertension is an alternate indicator)

Elevated fasting glucose (drug treatment of >100 mg/dL

elevated glucose is an alternate indicator)

Elevated triglycerides (drug treatment for >=150 mg/dL

elevated triglycerides is an alternate indicator)

Reduced HDL-C (drug treatment for reduced < 40 mg/dL in males;
HDL-C is an alternate indicator) <50 mg/dL in females

Laboratory devices for the diagnosis of diabetes

- Glucose meter test for glucose assay device

Glucose meter is a portable device for whole blood specimen that need
amount of blood 0.6 to 10 microlitre (ml).There are two technique of glucose assay
;Photometric method which using color intensity by Refractance photometry

, and Biosensor method which using glucose oxidase enzyme(GO) or
glucose  dehydrogenase  pyrroloquinoline  quinone(GHD-PQQ) or glucose
dehydrogenase-nicotine adenine dinucleotide.So,if blood oxygen saturation that PaO2
more than 150 mm.Hg ,blood glucose level measurement should be lower.And
hematocrit level that are out of rage capacity of device should be effect with blood
glucose level measurement. Result of glucose level measurement capacity rage are
vary from 10 to 600 mg%.Other factors were effect such as expired or damaged strip
tests malpractice technique of test etc.(42)ADA accepted about error of this test not

more than 5%.(43)
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- Glucose oxidase method for glucose assay Automated Equipment

For the quantitative determination of glucose in serum or plasma by
glucose oxidase method was introduced in 1948, then using of the combined glucose
oxidase-peroxidase reagent was developed later which followed by addition of
chromogenic reagent.Principle of this technique had developed to single reagent
method which glucose is oxidised in the presence of glucose oxidase, then the
hydrogen peroxidase with phenol and 4-aminoantipyrine to from a red-violet quinone
complex.The intensity of the colour is proportional to glucose concentration.For this
study had been using Stanbio Glucose LiquiColor(Oxidase) Procedure No. 1070
which manufactured by Stanbio Laboratory Company, USA. Excessive ascorbic acid

can produce interfering substance of this test with falsely low glucose value.(44)

- Hemoglobin Alc Assay Methods

HbAc reflects average plasma glucose over the previous 8 to 12 weeks. It
can be performed at any time of the day and does not require fasting.The relationship
between HbA 1c and prevalent retinopathy is similar to that of plasma glucose.The use
of HbAlc can avoid the problem of day-to-day variability of glucose values, and
importantly it avoids the need for the person to fast and to have preceding dietary

preparations (19).(Table 2.2 )
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Table 2.2 Advantages and disadvantage of assays for glucose and HbAlc (19)

Glucose

HbA1c

Patient preparation prior
to collection of blood

Stringent requirements if
measured for diagnostic

purposes.

None.

Processing of blood

Stringent requirements for
rapid processing,
separation and storage of
plasma or serum

minimally at 4°C.

Avoid conditions for more
than 12hr at temperatures
>23C. Otherwise keep at
4C (stability minimally 1

week).

Measurement

Widely available

Not readily available

world- wide

Standardization

Standardized to reference

method procedures.

Standardized to reference

method procedures.

Routine calibration

Adequate.

Adequate.

Interferences: illness

Severe illness may
increase glucose

concentration.

Severe illness may shorten
red-cell life and
artifactually reduce HbAlc

values.

Haemoglobinopathies

Little problem unless the

patient is ill.

May interfere with
measurement in some

assays.

Haemoglobinopathy
traits

No problems.

Most assays are not

affected.

Affordability

Affordable in most low
and middle income

country settings.

Unaffordable in most low
and middle-income

country settings.
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However, HbAlc may be affected by a variety of genetic, haematologic
and illness-related factors.The most common important factors worldwide affecting
HbAlc levels are haemoglobinopathies (depending on the assay employed), certain
anaemias, and disorders associated with accelerated red cell turnover such as
malaria.The utility and convenience of HbAlc compared with measures of plasma
glucose for the diagnosis of diabetes needs to be balanced against the fact that it is
unavailable in many countries, despite being a recognized valuable tool in diabetes

management. Factors influencing HbA 1c assays are presented in Table 2.3 (19).

Table 2.3 Some of the factors that influence HbA 1¢ and its measurement™® (19)

1. Erythropoiesis Increased HbA l¢: iron, vitamin B12 deficiency, decreased

erythropoiesis.

Decreased HbA 1c: administration of erythropoietin, iron, vitamin B12,

reticulocytosis, chronic liver disease.

2. Altered Haemoglobin | Genetic or chemical alterations in haemoglobin: haemoglobinopathies,
HbF, methaemoglobin, may increase or decrease HbAlc.

3. Glycation Increased HbA lc¢: alcoholism, chronic renal failure, decreased intra-

erythrocyte pH.

Decreased HbA 1c: aspirin, vitamin C and E, certain
haemoglobinopathies, increased intra-erythrocyte pH.

Variable HbAlc: genetic determinants.

4. Erythrocyte Increased HbAlc: increased erythrocyte life span: Splenectomy.
destruction

Decreased Alc: decreased erythrocyte life span: haemoglobinopathies,
splenomegaly, rheumatoid arthritis or drugs such as antiretrovirals,

ribavirin and dapsone.

5. Assays Increased HbA 1c: hyperbilirubinaemia, carbamylated haemoglobin,
alcoholism, large doses of aspirin, chronic opiate use.

Decreased HbAlc: hypertriglyceridaemia.
Variable HbA1c: haemoglobinopathies.

* Some of the above interfering factors are “invisible” in certain of the available

assays
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The National Glycohemoglobin Standardization Program (NGSP) was
established following the completion of the Diabetes Complications and Control Trial
(DCCT). More recently the International Federation of Clinical Chemists (IFCC)
established a working group on HbAlc in an attempt to introduce an international
standardization program. An important part of this effort was establishment of
reference method procedures for HbAlc. Currently, both the NGSP and the IFCC base
their evaluations on reference method procedures that have further enhanced the
harmonization of HbAlc assays across manufacturers. Finally in the USA, the College
of American Pathologists (CAP) has mandated more stringent criteria for individual
assays to match assigned values for materials provided in the CAP proficiency
program. A further major factor concerns costs and availability of HbAlc assays in
many countries. Also, the situation in several of these countries will be exacerbated by
high prevalences of conditions such as haemoglobinopathies, which affect HbAlc
measurement, as discussed earlier.

There are three HbA 1c assay methods as follows (19):

lon Exchange Chromatography Assay Methods

Principle : HbAlc has lower isoelectric point and migrates faster than
other Hb components.

Advantages : Can inspect chromatograms for Hb variants.Measurements
with great precision.

Disadvantages: Variable interference from hemoglobinopathies, HbF and
carbamylated Hb but the current ion exchange assays correct for HbF and

carbamylated Hb does not interfere.

Boronate Affinity Assay Methods

Principle : Glucose binds to m-aminophenylboronic acid.

Advantages : Minimal interference from haemoglobinopathies, HbF and
carbamylated Hb.

Disadvantages: Measures not only glycation of N- terminal valine on f3

chain, but also B chains glycated at other sites and glycated o chains.
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Immunoassays Assay Methods

Principle : Antibody binds to glucose and between 4- 10 N-terminal amino
acids on [ chain.

Advantages: Not affected by HbE, HbD or carbamylated Hb

Relatively easy to implement under many different formats.

Disadvantages: May be affected by haemoglobinopathies with altered

amino acids on binding sites and some interference with HbF.

2.2 Theories of Screening of Type 2 diabetes

WHO define screening means “Screening is the process of identifying
those individuals who are at sufficiently high risk of a specific disorder to warrant
further investigation or direct action.” (17)

Screening is usually considered a form of secondary disease prevention, as
it aims to reduce morbidity and mortality from the disease. Generally, disease process
detected by screening defined as period from biologic onset of disease and before
symptoms or signs present.Since the main purpose of screening is to detect
asymptomatic people with undiagnosed disease, if a person presents as a result of any
of the symptoms of disease and is confirmed to have the condition then this process is
diagnosis and not screening. However, some screening pick up precursors of a disease,
treating the disease precursors may prevent the disease. The assumptions of screening
included the disease should be important problem in the screened population, the
nature of disease should have a preclinical phase which progress to serious disease and
there is the appropriated test to detect early stage of disease that effective treatment is
available for better clinical outcome when compared to treatment which follow the
clinical stage of disease. The screening process, screening test and the treatment
should be safety, acceptable to population and economy for cost-effectiveness to using
screening program that should be agreed by policies covering which appropriated
treatment to be offered.(45)

Screening program included screening test, diagnostic procedure and
treatment or intervention that effect in reducing morbidity or mortality. The element of

screening program including: 1) apparently well population to be tested 2) screening
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test was done for presumed population to have disease 3) diagnostic test was applied
in positive or abnormal screening test population 4) prevented intervention for high
risk group or therapeutic intervention for disease detected group should be done. There
should be evidence that complete the screening program is clinically, socially and
ethically acceptable to health professional and public.(46)

There are three type of screening programs setting for different purpose
and budget to do, population-based mass screening (Screening the entire population),
selective group screening (performed in a subgroup of subjects who have already
been identified as being at relatively high risk in relation to age, body weight, ethnic
origin etc.) and opportunistic screening (carried out at a time when people are seen, by
health care professionals, for a reason other than the disorder in question and the
decision to initiate the healthcare encounter, made by the individual) (17).

Screening tests for type 2 diabetes were the appropriated to detect early
stage of disease that effective treatment is available for decreasing chronic
complication when compared to treatment which follow the clinical stage of disease.
economy for cost-effectiveness to using screening program There were several studies
of cost-effective to using diabetes screening program and diabetes prevention models
(8-10).

Screening tests for type 2 diabetes included risk assessment
questionnaires, biochemical tests such as urine glucose, capillary blood glucose and
combinations of the two. Each screening test needs a designated and pre-determined
threshold or ‘cut-point’ that defines pre-diabetes or undiagnosed diabetes. Screening
tests are usually followed by diagnostic tests to detect recently diabetes. The standard
of diagnostic tests are Fasting Plasma Glucose (FPG) and Oral Glucose Tolerance Test
(OGTT), currently the glycated haemoglobin (HbAlc) test had been use for diabetes
diagnosis. These tests use standard criteria in order to make the diagnosis or to
confirm diagnosis (2).

Screening program will be generated by the proportion of the population
which will require further testing, Performance should be validated on a population
different to that from which the screening procedure was developed.A distinction

should be made between an epidemiological and a clinical diagnosis of diabetes.



Dusit Khumchaiyaphum Literature Review / 30

Epidemiological diagnosis can be based on a single OGTT or FPG whereas a clinical
diagnosis, in the absence of symptoms, requires confirmation by a repeat test (16).

Diagnosis of diabetes and pre-diabetes (Table 2.4) are adapted from the
ADA (47), and the WHO (22) . All listed plasma glucose levels are based on venous
sampling. As most diagnostic tests, a test result diagnostic of diabetes should be
repeated to rule out laboratory error and confirmed on a separate day, except for casual
plasma glucose in a symptomatic patient, such as a patient with classic symptoms of
hyperglycemia or hyperglycemic crisis. It is preferable that the same test will be
repeated for confirmation. The ADA allows for HbAlc testing to be pair with fasting
plasma glucose testing on the same day. If the values for two different tests are both
above the diagnostic thresholds, the diagnosis is confirmed, whereas the results of two
different tests are discordant, the test with a value in the diabetic range should be
repeated (47). By the way WHO 1is not acceptable HbAlc test to diagnosis pre-
diabetes (19, 22).

Table 2.4 Major Diagnostic Criteria for Diabetes and Pre-diabetes(22, 47)

Measure American Diabetes Association World Health Organization
Diabetes Pre-diabetes Diabetes impair glucose
regulation
Glycated >6.5% 5.7-6.4% >6.5% -
hemoglobin(HbA1c¢)

Fasting plasma glucose >126 mg/dl 100-125 mg/dl >126 mg/dl | 110-125 mg/dl

(IFG) (IFG)
2-Hr plasma glucose >200 mg/dl 140-199 mg/dl >200 mg/dl | 140-199 mg/dl
(during an OGTT with a (IGT) (IGT)

loading dose of 75 g)

Casual (or random) plasma >200 mg/dl - - -
glucose (in a patient with
classic hyperglycaemic

symptoms )
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Performance indicators of screening test

A standard set of performance indicators should be used to evaluate a
screening test ,there were including: statistical performance (sensitivity, specificity,
Positive Predictive Value (PPV),Negative Predictive Value (NPV), Receiver Operator
Characteristic(ROC) curve - area under the curve) and the percentage of the
population identified definitive testing. Other indicators included information on the
cardiovascular disease risk profiles ,measures of the economic performance of
screening tests and population measures were done.And the psychosocial impact of
each screening outcome should be concerned by individual counselling process (17).

Evaluating screening tests and programs refer to meaningful evaluation
validity of screening test. The validity refers to ability of a test to detect true disease
that compared with gold standard test.(48) The validity of tests were as follows:

Sensitivity is the probability of testing positive given the presence of
disease,while Specificity is the probability of testing negative given the absence of
disease. Although it is desirable to have a test that is both highly sensitive and highly
specific, this is usually impossible.(46)

Screening test with continuous values results is to select some cut-off
value for defining “positive” or “negative” test.The cut-off point a trade-off needs to
be made between sensitivity and specificity, since increasing one reduces the other.
The receiver operator characteristic (ROC) curve expresses this relationship. The true
positive rate (sensitivity) is plotted on the y axis against the false positive rate (1-
specificity) over a range of cut-off values.In ideal cases, as sensitivity increases, there
is little decrease in specificity, until very high levels of sensitivity are reached.The
optimal cut-off point refer the selected cut-off point that prefer high performance
indicator both sensitivity and specificity.The Area Under the ROC Curve(ROC-AUC)
is a quantification of overall quality of a continuous test by calculating the area under
the curve between the specific test and hypothetical uninformative test .The AUC
value has used in accuracy index to specify performance indicator of test that its value
range from 0.5 to 1.0,in general AUC 0.5-0.7 indicates a poor accuracy; 0.7-0.9 a good
accuracy and above 0.9 an excellent accuracy,another used ROC curve and AUC to

compare different screening modalities. (48)
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Predictive value relates to the probability that a person has or does not
have the disorder given the result of the test .Thus:Positive Predictive Value(PPV) is
the probability of disease given a positive test result,while Negative Predictive
Value(NPV) is the probability of no disease given a negative test result.(46)

The predictive value of a test is determined not only by the sensitivity and
the specificity of the test, but also by the prevalence of the disorder in the population
being screened. Thus, a highly sensitive and specific test will have a high positive
predictive value in a population with a high prevalence of the disorder. This is part of
the rationale for promoting selective or targeted screening. When the prevalence is
low, as may be the case when the entire population (or the entire adult population) is
screened, then the positive predictive value of the same test will be considerably
lower. In this case, a high specificity drives a high positive predictive value. To avoid
false positives (throughout the range of prevalence) it may be necessary to increase
specificity at the expense of sensitivity.Screening tests may be used in parallel (i.e. a
person is deemed to be likely to have a disorder if they test positive to either test). In
this case the sensitivity and the negative predictive value are generally increased and
the specificity and positive predicted values decreased. On the other hand, screening
tests may be used in series (i.e. a person needs to be positive to both tests in order to
be deemed likely to have the disorder). In this case the specificity and positive
predicted value are generally increased and the sensitivity and negative predicted
value decreased (17).

Reliability is the degree to which the results obtained by any given
procedure can be replicated. Reproducibility refers to obtaining similar or identical
results on repeated measurements on the same subject.Screening tests must be shown
to be valid, reliable and reproducible in the population in which screening is to take
place. Uniform procedures and methods, standardized techniques, properly
functioning equipment, and quality assurance are all necessary to ensure reliability and
reproducibility.(46)

Tests in series have been advocated in type 2 diabetes when, for example,
a questionnaire may precede a fasting blood sample or OGTT and be used to exclude
some individuals deemed to be at low risk of having the disorder.Combinations of

biochemical tests by using multiple tests in series can enhance the Positive Predictive
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Value by increasing the prevalence of disease in the population receiving the second
screening test. Screening programs can initially use a less expensive and more
sensitive test and then use the more complicated, more specific, and more expensive
test. Strategies that use multiple screening tests will not detect more undiagnosed cases
but may allow for more efficient use of resources (2) .

The national diabetes screening program of Thailand was implement for
all Thai people who more than or equal 15 years old which aims for the to detect pre-
diabetes and undiagnosed diabetes.The conventional diabetic screening program
include Questionnaire, Fasting Capillary Blood Glucose and FPG was applying with
serial screening tests (20) . The disadvantage of these combination tests is
inconvenient for people and health staff to operating.Because it need fast period before
test. It is hard to design screening service with mobile team for proactive selected
screening in the community or opportunistic screening at health center or hospital. So,

it is rational to develop the convenient diabetes screening program.

2.3 Related research studies

This study has been developing the appropriated diabetes screening
program based on reviewing epidemiological study of diabetes screening test. The
multiple test with selective group screening is the key of this protocol. Ongoing
research diabetic screening program is assessing the value of risk scores with
questionnaire that selected risk population for pre-diabetes, diabetes. Then the
screening with the series of random capillary blood glucose test (RCBG) and confirm
diabetes diagnosis with test glycated haemoglobin Alc (HbAlc) should be
applying.For a valid assessment of screening tests requires the whole screened
population to have gold standard diagnostic testing with OGTT and FPG.

Evaluating screening program and comparison of the performance of
screening tests for diabetes should be carried out against specified criteria.Each
screening test needs a designated and ‘cut-point’ that defines high risk.Some caution is
required in interpreting the statistical results reported in these reviews and below
because in many studies the diagnosis of diabetes was made using diagnostic criteria

which predate the current WHO and ADA criteria. Despite this, the data allow
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conclusions about general performance of the various approaches to screening

program for type 2 diabetes.

Questionnaires

Questionnaires have been developed to screen for undiagnosed diabetes
and have included a range of questions covering recognised risk factors. If a person
presents as a result of any of the symptoms of diabetes and is confirmed to have the
condition then this process is diagnosis and not screening.Questionnaire has a
sensitivity between 77-87 % and a specificity between 35-72 % PPV 7-12% (17).

William H et al had evaluated a simple questionnaire that it was a
modified version of ADA questionnaire based on data from the Second National
Health and Nutritional Examination Survey and had a sensitivity of 83%, specificity of
65% and PPV of 11% and this questionnaire was subsequently tested in a community
screening program in Onondaga County New York.It had a sensitivity of 80%,
specificity of 35% and PPV of 12% (17).

Charlotte Glumer et al (49)was developed a simple self-administered
questionnaire identifying individuals with undiagnosed diabetes population-based
sample (Inter99 study) of individuals aged 30-60 years completed a questionnaire on
diabetes-related symptoms and risk factors.The risk score was derived from the first
half and validated on the second half of the study population.The results of this study
were the area under the receiver operating curve was 0.804 for the first half of the
Inter99 population, 0.761 for the second half of the Inter99 population.The sensitivity,
specificity, and percentage that needed subsequent testing were 76%, 72%, and 29%,
respectively. The false-negative individuals in the risk score had a lower absolute risk
of ischemic heart disease compared with the true-positive individuals (11.3% vs.
20.4%; P < 0.0001).

Diabetes risk score was developed a risk score based on risk factors to
detect person at risk diabetes progression (pre-diabetes) and newly diagnosed diabetes.
For an example as follows:

Jaana Lindstrom and Jaakko Tuomilehto(50) had developed Diabetes Risk
Score to identify such individuals without laboratory test and a random population

sample of 35 to 64 years old men and women were composed as the sum of these
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individual scores in 1987 and the validity of the score was tested in an independent
population survey performed in 1992 with prospective follow-up for 5 years,the end
point of follow-up was development of drug-treated diabetes.The results of the
Diabetes Risk Score value varied from 0 to 20. To predict diabetes as measured by the
2-h oral glucose tolerance test with a standard 75 g of glucose was administered, the
score value >=9 had sensitivity of 78% and 81%, specificity of 77% and 76%, and
positive predictive value of 13% and 5% in the 1987 and 1992 cohorts, respectively.

P.J. Park et al (51) had studies to assess the performances of the
Cambridge risk score in a large and representative population.A risk score was tested
for its ability to detect prevalent undiagnosed hyperglycaemia as measured by a
HbA!c greater than or equal 6.0, 6.5, or 7% in subjects aged 39 —78 years in the
European Prospective Investigation of Cancer—Norfolk cohort.For a specificity of
78%, the risk score predicted a HbA!c of greater than or equal 7.0% in subjects aged
39-78 years and with a sensitivity of 51% . The ROC-AUC for HbA!c greater than or
equal 6.0, 6.5, and 7% were 0.657 ,0.712 , and 0.742 , respectively.

Nicola Brown (52) had studies focusing on the development or validation
of risk scores to identify undiagnosed T2DM .A systematic literature search of
Medline and EMBASE was conducted until January 2011.Thirty-one studies were
included. Age and measures of body mass/fat distribution were the most commonly
used predictor variables. Studies developing new scores performed better than
validation studies, with 11 reporting an AUC of >0.80 compared to one validation
study. Fourteen validation studies reported sensitivities of <80%.

Yoriko Heianza et al (53)was developed Diabetes Risk Score for
Japanease individuals age 18-88 years at Toranomon Hospital Health Management
Center (TOPICS 10).After initial assessment of the instrument, nondiabetic
individuals were followed up for a mean 4.0 years.The results of this study had
percentage of undiagnosed diabetes of 2.9% (as measured by a HbA!c greater than or
equal 6.5% or FPG greater than or equal 126 mg%). Screening with 8 or more points
yielded a sensitivity of 72.7% and a specificity of 68.1%. In the validation cohort, the
ROC-AUC was 0.806.

And the studying in Thai population, Wichai Aekplakorn et al (54) was

developed Thai diabetes risk score and evaluate a risk score to predict people at high
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risk of diabetes in Thailand. A Thai cohort of individuals, aged 35-55 years, without
diabetes at baseline, was resurveyed after 12 years.This score was tested in a Thai
validation cohort of a different 2,420 individuals.The significant predictive variables
in the simple model were age, BMI, waist circumference, hypertension, and history of
diabetes in parents or siblings.A cutoff score of 6 of 17 produced the optimal sum of
sensitivity (77%) and specificity (60%). The ROC-AUC was 0.74. Adding impaired
fasting glucose or impaired glucose tolerance status to the model slightly increased the

AUC to 0.78.

Blood chemical test

Venous fasting plasma glucose has a sensitivity between 40% and 65%
with a specificity > 90% for FPG values ranging from 110 — 140mg%. Since the
introduction of the new WHO and ADA diagnostic criteria for diabetes cut point .A
number of studies in different populations have reported on the performance of an
FPG of 126 mg% that sensitivities ranging from 40%-59% and specificities ranging
from 96%- 99% PPV 26-30 % (17). While the cut-off point of pre-diabetes diagnosis,
the lower limit of impaired fasting glucose (IFG) was reduced from 110 to 100 mg%
by the ADA , whereas WHO recommended retaining the original cut-off point 110
mg% (22).

K. Inoue, M. Matsumoto and K. Akimoto (55) had studied from 1998 to
2006. A retrospective cohort were conducted with yieldingl11,129 persons who had
participate. Among these,10 475 persons who did not have diabetes (known diabetes
or defined as FPG >=126 mg%]l) or suspected diabetes (glycated haemoglobin >=
6.4%) were analysed. The optimal cut-off FPG value to predict diabetes was 100 mg%
for both men (sensitivity 84.2%, specificity 76.9%) and women (81.6%, 91.0%).
However, lowering the cut-off from 110 to 100 mg % increased the prevalence of IFG
3.8-fold in men and 4.9-fold in women.

Capillary blood glucose test (CBG) is the simple and convenient to use
for screening or monitor of diabetes.The important consideration with blood glucose-
meter measured readings is the accuracy of the result. While these are sufficiently
accurate for day to day monitoring of diabetes control, their accuracy in screening for

undiagnosed diabetes in routine practice which have applied in published studies (17).



Fac. of Grad. Studies, Mahidol Univ. M.P.HM. /37

Fasting capillary blood glucose FCBG has also been used for screening.
A number of studies in different populations have reported on the performance of an
FCBG of 120 mg%.They report sensitivities ranging from 65%-90% and specificities
ranging from 90%- 94% PPV 25-26 % (17).

Priya, M.et al (56) had studied to comparing CBG measurements with
FPG measurements in screening for diabetes and pre-diabetes in epidemiological
studies with 407 subjects >= 20 years old without previously known diabetes
underwent oral glucose tolerance tests at a tertiary diabetes center in Chennai, India.
Simultaneous measurements of CBG were performed, both in the fasting state and 2 h
after a 75-g glucose load (2-hours post-glucose[2-h PG] ). Diabetes, IFG and IGT
were defined using ADA and WHO criteria. The results of correlation between CBG
and FPG was analysed by the Pearson's correlation coefficient of 0.681 (P <0.001) in
the fasting state and 0.897 (P < 0.001) for the 2-h PG load, indicating good correlation
between the two methods. Based on the ADA fasting criteria, capillary 31.9% versus
venous 21.1% had diabetes, whereas based on the WHO criteria, capillary 43.2%
versus venous 38.6% had diabetes. The accuracy of identifying diabetes was 83.3% by
the ADA and 90.9% by WHO criteria, for IGT it was 85.3%, and for IFG it was
66.3% by the ADA and 72.2% by the WHO criteria.

Georgia E. Ritchie et al (57) had studies performances of the combination
test with clinical questionnaire, sampling for laboratory venous FPG, and FCBG in
994 participants aged >=30 years and stratified by age and sex were randomly selected
from 20 villages in India. Diabetes diagnosis was based on the WHO definition using
FPG. The capacity of the FCBG to predict the presence of diabetes was assessed.The
ROC-AUC for FCBG alone in predicting diabetes was 0.869 (95% CI 0.810 — 0.929).
This was significantly better (P < 0.001 for ROC-AUC comparison) than the models
based upon clinical variables alone (ROC-AUC for the best clinical model including
age, BMI, hypertension, waist circumference: 0.694 [95% CI 0.621- 0.766]). Adding
the clinical variables to the FCBG assay did not significantly improve the
discriminatory capability beyond that achieved with the FCBG measurement alone (all
P <0.37).

Alvear-Galindo, M. G and Laurell, A. C. (58) had reported the studying

from the public health perspective programs to detect diabetes were a prime resource
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for surveillance of the disease. As a screening strategy, the Mexican Ministry of
Health implemented the Diabetes Mellitus Action Program (PADM-2), based on two
sequential tests: the Risk Factor Questionnaire and capillary blood glucose test. The
study was carried out in the year 2005, with a sample of 1,562 that attended six
primary care units under the Health Secretariat of the Federal District. Fasting serum
glucose defined as the gold standard. When assessing the two tests sequentially,
sensitivity was 98%, specificity 58.7%, and positive predictive value 16.6%.

And the studying in Thai population by Bumrerra;j S. et al (59) had studied
to evaluate the diagnostic performance of postprandial venous and capillary glucose
to screen for abnormal glucose tolerance in primary care setting.Both post-breakfast
venous plasma and capillary blood glucose were taken simultaneously from a
consecutive sample of volunteer civil service workers in Khon Kaen, Thailand
between June and December 2009. The 75-g oral glucose tolerance test was performed
within 3 days of the baseline visit. The results for the diagnosis of abnormal glucose
tolerance as a gold standard. The sensitivity and specificity at the optimal cut-off point
for venous glucose (98 mg%) were 68.28% and 67.90% and the sensitivity and
specificity at the optimal cut-off point for capillary glucose (103mg%) were 63.45%
and 64.06%, respectively. The area under the ROC curve was 0.73 for venous glucose
and 0.69 for capillary glucose. The subgroup analysis involving individuals with waist
circumference > 90 cm improved the area under the curve (AUC) to 0.76.

Random blood glucose (RBG) as a screening test have mostly used
random capillary blood glucose (RCBG) measured with a blood glucose meter.There
are few well designed studies which have properly addressed. A number of studies in
different populations have reported on the performance of an RCBG of 130-144
mg%.They report sensitivities ranging from 69%-80% and specificities ranging from
80-95% PPV 16-28% (17). For example studying related to diabetes screening with
capillary blood glucose test was shown as follows:

Michael M. et al (60) had studied to evaluated the use of field-based
random capillary blood glucose measurement as a screening test for diabetes.A cross-
sectional sample of Egyptians >= 20 years old of age underwent both a random
capillary blood glucose measurement performed in the field and an oral glucose

tolerance test in the laboratory. Diabetes was diagnosed according to criteria : either a
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fasting venous serum glucose level > 140 mg/dl or a 2-hours value >=200 mg/dl after
a 75-g oral glucose load.Multivariate analyses showed that the screening test
performed better when subjects had eaten shortly before the test (ROC-AUC, 0.87 for
a 1-h postprandial period compared with 0.69 for an 8-h postprandial period) and that
the optimal capillary blood glucose cut-off points to define a positive test increased
with age. For a postprandial period of 1 h, cut-off points of 115 mg/dl for individuals
30 years of age and 140 mg/dl for those 75 years of age yielded similar performance
characteristics (sensitivity 82% and specificity 78% for those 30 years old; sensitivity
81% and specificity 80% for those 75 years old).

Suresh Somannavar et al (61) had studies to determine RCBG cut-off
points that discriminate diabetic and pre-diabetic subjects from normal individuals in
southern India.RCBG was performed in individuals who had participated in an
opportunistic screening program. An oral glucose tolerance test was also performed by
venous plasma glucose for gold standard diagnosis. RCBG optimal cut-off points that
discriminate diabetes, IGT, and IFG were determined using receiver operating
characteristic curves.The results of this study using 2-h plasma glucose >=200 mg/dl
criterion, the RCBG optimal cut-off point of 140 mg/dl gave the sensitivity of 86.5%,
specificity of 80.7%, PPV of 42% and AUC of 0.900. RCBG optimal cut points for
IGT according to American Diabetes Association criterion of 119 mg/dl gave the
sensitivity of 64.7%, specificity of 65.5%, PPV of 27.2% and AUC of 0.715 and
RCBG optimal cut-off points for IFG of 113 mg/dl gave the sensitivity of 58.3%,
specificity of 58.6%, PPV of 46.9% and AUC of 0.619, respectively.And its
recommendation asian Indians with RCBG >110 mg/dl at screening should be selected
to undergo definitive testing.

Qiao, Q. et al (62) had studied to assess the adequacy of a RCBG test as a
screening test for diabetes mellitus in a middle-aged Finnish population. Both the
screening test (RCBG and a standard 2-h oral glucose tolerance test [OGTT]) were
performed on all the participants according to the WHO criteria. The optimal RCBG
cut-off point of 104 mg% was used ( the sensitivity of 63% and the specificity of
92%).

Combining the modified ADA questionnaire and RCBG > 120 mg%
achieved a sensitivity of 58% and specificity of 94% (17).
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Rolka et al (63) had studied to evaluate the performance of diabetes
screening in settings typical of opportunistic and community screening programs with
the combination screening tests that included the ADA risk assessment questionnaire
and RCBG.The volunteers with aged >=20 years old and without previously
diagnosed diabetes were recruited by health care systems serving communities in
Springfield, MA; Robeson County, NC; and Providence, Pawtucket, and Central Falls,
RILUSA, and had completed a brief questionnaire and underwent measurement of
RCBG, then subsequently underwent a 75-g oral glucose tolerance test; fasting serum
glucose (FSG) and 2-h post-load serum glucose (2-h SG) concentrations were
measured. For the three diabetes diagnostic criteria; RCBG cut-point >=140 mg/dl was
56—65% sensitive and 95-96% specific, and RCBG cut-point >=120 mg/dl was 75-
84% sensitive and 86-90% specific. And for dysglycemia RCBG cut-off point >=120
mg/dl was 44-62% sensitive and 89-90% specific.

Charlotte Glumer et al (49) was developed the Danish Anglo-Danish-
Dutch Study of Intensive Treatment in People with Screen Detected Diabetes in
Primary Care (ADDITION) pilot study. ADDITION pilot study included all people
aged 40 — 69 years listed by five general practitioners in the city of Arhus were invited
to participate in the study. All participants completed a questionnaire containing the
risk score and underwent measurement of RCBG. If the RCBG level was greater than
or equal 80 mg%, a 75-g standardized OGTT was performed. The results of this study
were the ROC-AUC was 0.803-for-the ADDITON-pHetstudy.

The studying in Thai population by Puavilai, G et al (64) had studies to
assess the usefulness of random capillary plasma glucose (RCPG) measurement in
screening for diabetes in high-risk subjects included family history of diabetes in first
degree relatives, obesity (BMI greater than or equal to 27 kg/m?), dyslipidemia,
hypertension, i.e. BP greater than or equal to 140/90 mmHg and history of gestational
diabetes mellitus. A RCPG measurement was performed in women and men, aged 16-
76 years.For the cut points for RCPG >= 110 mg% had a sensitivity of 43.0%,
specificity of 100%, positive predictive value of 100% and negative predictive value

of 87.8% for the diagnosis of diabetes by the FPG test >= 126 mg/dl.
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Glycated haemoglobin(Hemoglobin Alc[HbALc])

A number of studies in different populations have reported on the
performance of an A1C of 5.6-6.3%. They report sensitivities ranging from 35%-92%
and specificities ranging from 79%-100% PPV 15-32% (17).

Peters et al (65) was performed a systematic review of articles published
between 1966 and 1994 .When an HbAlc plus 4SDs was used as a cut-off point, the
sensitivity was 36% and specificity 100% compared with OGTT diagnosed diabetes.

Viswanathan Mohan et al (66) had studied to determine HbAlc cut points
for glucose intolerance in Asian Indians - the Chennai Urban Rural Epidemiology
Study which identify diabetes based on 2-h post-load plasma glucose, the HbAlc cut
point of 6.1% had a ROC-AUC of 0.941 with 88.0% sensitivity and 87.9% specificity.
When diabetes was defined as FPG >=126 mg%, the HbAlc cut point was 6.4%
(AUC >=0.966, sensitivity 93.3%, and specificity 92.3%). For IGT the HbAlc cut
point was 5.6%, AUC >= 0.708; for IFG, AUC >= 0.632 (WHO criteria) and 0.708
(ADA criteria).

Ji Cheol Bae et al (67) had studied to evaluate whether or not it is
reasonable to apply this HbAlc range to Koreans. A retrospective analysis was
conducted among subjects who participated in comprehensive health check-ups
annually for 5 years. An HbAlc range of 5.7-6.4% has been included as a category of
increased risk for diabetes. During 4 years, 6.2% developed diabetes. Based on ROC
analysis, an HbAlc of 5.7% gave an optimal sensitivity of 62% and specificity of 85%
to predict diabetes. An HbAlc cut-point of 5.7% is a suitable value for predicting
future diabetes. It is reasonable to consider a HbAlc range of 5.7-6.4% as a category
of increased risk for diabetes in Korean, similar to an IFG or IGT.

Sung Hee Choi et al (68) had studied various cut-off levels of HbAlc have
been suggested to screen for diabetes, the usefulness of HbAlc levels when screening
for undiagnosed diabetes and as a predictor of 6-year incident diabetes in a
prospective, population-based cohort study. All subjects underwent a 75-g oral
glucose tolerance test at baseline and at each biennial follow-up. Excluding subjects
with a previous history of diabetes the ROC-AUC was used to evaluate the diagnostic
accuracy of the HbAlc cut-off. The Cox proportional hazards model was used to

predict diabetes at 6 years.At baseline an HbAlc cut-off of 5.9% produced the highest
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sum of sensitivity (68%) and specificity (91%). At 6 years, 895 (10.2%) subjects had
developed incident diabetes. An HbAlc cut-off of 5.6% had the highest sum of
sensitivity (59%) and specificity (77%) for the identification of subsequent 6-year
incident diabetes.

Zhou , X. H. et al (69) had studied to determine the performance of HbAlc
as a screening tool for detecting newly diagnosed diabetes (NDD) and pre-diabetes. A
diabetes survey was conducted in Beijing among community dwellers who were
willing to participate in the survey. Included in the survey were 903 individuals aged
21-79 years without previously diagnosed diabetes. The incidence of NDD and
prevalence of pre-diabetes was 11.1% and 22.4%, respectively. At an optimal HbAlc
cut-off point of > = 6.0%, the test gave a sensitivity of 80.0% and a specificity of
89.8% for diagnosing NDD; at an optimal cut-off point of > = 5.7%, the sensitivity
was 59.4% and specificity 73.9% for diagnosing pre-diabetes.

Tsvetalina Tankova et al (70) had studied to evaluate HbAlc as a
diagnostic tool in pre-diabetes—IFG and IGT, and NDD, defined by plasma glucose
and OGTT. HbAlc performance was assessed using the ROC-AUC. HbAlc was
significantly higher in all groups with altered glucose tolerance—5.72 + 0.61% in IFG,
5.84 £ 0.63% in IGT, and 7.5 = 1.69% in NDD when compared to normal glucose
tolerance—5.23 + 0.65% (P < 0.0001). HbAlc of both pre-diabetic groups was
significantly lower in comparison with NDD (P < 0.0001); in IGT being significantly
higher than in IFG (P = 0.02). ROC analysis demonstrated good performance of
HbA Ic for diagnosing diabetes—ROC-AUC 0.958 (95% CI: 0.946-0.970), as well as
pre-diabetes—AUC-ROC 0.729 (95% CI: 0.702—0.755). The optimal cut-off level of
HbAlc for diagnosing diabetes was 6.1% (sensitivity 86%, specificity 92%) and for
pre-diabetes was 5.5% (sensitivity 71%, specificity 64%).

Everlina MA et al (71) had studied among the high-risk South Asian
population (18-60 years old) whom were screened with the HbAlc level and the
OGTT in the Hague, the Netherlands. Results of the ROC-AUC of HbAlc for OGTT
defined diabetes was 0.86 . The sensitivity was 46% ; the specificity 98%. For pre-
diabetes, the ROC-AUC was 0.73.
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Ping Zhang (72) had studied the opportunistic screening for undiagnosed
diabetes and pre-diabetes is recommended by the ADA. The aim of this study was to
determine efficient cut-off points for three screening tests for detecting undiagnosed
diabetes alone or both undiagnosed diabetes and pre-diabetes.The most efficient cut-
off points for both detecting pre-diabetes and undiagnosed diabetes (100 mg% for the
FPG test, 5.0% for the HbAlc test, and 100 mg% for the RCBG test) were less than
those for detecting undiagnosed diabetes alone (110 mg% for the FPG test, 5.7% for
the HbA Ic test, and 120 mg% for the RCBG test).

C. M. Bennett et al (73) had studied by systematic review to assess the
validity of HbAlc as a screening tool for early detection of diabetes using the OGTT
as the reference standard and FPG as a comparison.Results of Nine studies met the
inclusion criteria. At certain cut-off points, HbAlc had slightly lower sensitivity than
FPG in detecting diabetes, but slightly higher specificity. For HbAlc at a comparable
cut-off point of > 6.1%, the sensitivity ranged from 78 to 81% and specificity 79 to
84%. For FPG at a cut-off point of > 110 mg%, the sensitivity ranged from 48 to 64%
and specificity from 94 to 98%. Both HbAlc and FPG have low sensitivity for the
detection of IGT.

Xianghai Zhou (74) had studied to evaluate the performance of HbAlc
and FCBG tests as mass screening tools for diabetes and pre-diabetes, as determined
by the standard OGTT.The individuals aged 35-74 years who participated in a
population-based cross-sectional diabetes survey in Qingdao, China, were
analyzed.The incidence of newly diagnosed diabetes and the prevalence of pre-
diabetes was 11.9 and 29.5%, respectively. For subjects with newly diagnosed
diabetes, ROC-AUC was 0.67 for HbAlc and 0.77 for FCBG (P < 0.01) in men and
0.67 and 0.75 (P < 0.01) in women, whereas for pre-diabetes, these values were 0.47
and 0.64 (P <0.001) in men and 0.51 and 0.65 (P < 0.001) in women. At the optimal
HbAlc cut-off point of 5.6% for newly diagnosed diabetes, sensitivities was 64.4%
and specificities was 61.6% for men and 62.3% and 63.3% for women.

Henna Cederberg et al (75) studied to assess HbAlc as predictors of
diabetes and cardiovascular disease (CVD) at 10 years.This prospective population-
based study of 593 inhabitants from northern Finland, born in 1935, was conducted

between 1996 and 2008. Elevated HbA1c was defined as 5.7-6.4%. Incident diabetes
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was confirmed by two OGTTs. Cardiovascular outcome was measured as incident
CVD or CVD mortality. Multivariate log-binomial regression models were used to
predict diabetes, at 10 years. HbAlc predicted 10-year risk of diabetes at a range of
HbAlc 5.7-6.4% but CVD only in women at HbAlc >=6.5%.

Yugian Bao (76) had studied to evaluate HbAlc in diagnosed diabetes and
identify the optimal HbA ¢ threshold to be used in Chinese adults.Design Multistage
stratified cross sectional epidemiological survey.Setting Shanghai, China, 2007-8,
included 4,886 participants ,Chinese adults over 20 years of age with no history of
diabetes.Main outcome measures was performance of HbAlc at increasing thresholds
for diagnosed diabetes. The ROC-AUC for detecting undiagnosed diabetes was 0.856
(95% CI 0.828 - 0.883) for HbAlc alone and 0.920 (95% CI 0.900-0.941) for FPG
alone. Very high specificity (96.1% [ 95% CI 95.5-96.7]) was achieved at an HbAlc
threshold of 6.3% (2 SD above the normal mean). Moreover, the corresponding
sensitivity was 62.8% (95% CI 57-68) , which was equivalent to that of a FPG
threshold of 126 mg% (57.5% [95% CI 51.7-63.1]) in detecting undiagnosed diabetes.
In participants at high risk of diabetes, the HbAlc threshold of 6.3% showed
significantly higher sensitivity (66.9% [95% CI 61.0-72.5]) than both FPG >126 mg%
(54.4% [ 95% CI 48.3% - 60.4]) and HbAlc >6.5% (53.7% [95% CI 47.6-59.7))
(p<0.01).

Ibrahim, H. et al (77) had studied to evaluate the use of HbHbAlc as a
diagnostic test for diabetes in high risk patient attending Outpatient Clinic at Hospital
University Sains Malaysia (HUSM) .Measurement of FPG, 2-hours Post Prandial(2-
hPP) and HbA Ic level were performed in 200 subjects, aged 35 years and above with
CBG at >= 110 mg%. The HbAlc of 7.0% gave an optimal sensitivity of 82% and
specificity of 91% to predict a FPG >= 126 mg%. Whereas, HbAlc of 6.4% with
sensitivity and specificity of 68% and 87% respectively was an optimal value to
predict 2-hPP >= 200 mg%. All together, an HbAlc of 6.4% gave an optimal
sensitivity of 68% and specificity of 89% to predict both FPG >= 126 mg%, and/or 2-
hPP >=200 mg%.
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Y. Heianza et al (78) was founded the combination of HbAlc 5.7-6.4%
and FPG 100-125 mg% would have the best performance in reducing the likelihood of
missing future cases of diabetes. Identifying pre-diabetic individuals who strictly fulfil
HbAlc 6.0-6.4% and FPG 110-125 mg% would predict definite progression to
diabetes.

The study compared FBG and HbAlc in Thai population by Karan
Paisooksantivatana (79) which establish reference interval of HbAlc IFCC in
Thai.Reference interval of HbAlc IFCC was 2.90-4.90%. Benja Muktabhant et al
(80) had studied screening for diabetes of a district of a north-eastern province of
Thailand. Epidemiological methods were applied to validate the screening tools
FCBG, and FPG, used for screening for diabetes among asymptomatic villagers. For
assessing the validity of these two methods HbA1c values were determined and used
as the ‘clinical reference’.Determinations of FCBG and FPG resulted in suspected
diabetes cases, with 7.3% when assessed by FCBG and 6.4% by FPG using a cut-off
point of 126 mg%. Taking HbAlc determinations with a cut-off point of 7% into
account, the proportion of diabetes suspected participants increased to 10.4%. By
estimating sensitivity, specificity and the positive predictive value of FCBG and FPG
against the ‘clinical reference’ of HbAlc, The FCBG determinations as screening tool
and FPG as reference with a cut-off point of 126 mg%, resulted in a sensitivity of
81.4% and specificity of 97.8% and a PPV of 71.4%.When testing the values obtained
by FCBG as screening method and HbHbAlc values at a cut-off point of 7% as
clinical reference, sensitivity decreased to 45.6%, specificity decreased to

96.3%.Consequently, the PPV also decreased to 58.5%.

2.4 Summary

Diabetes is a group of metabolic diseases with disturbance of
carbohydrate, fat and protein metabolism that characterised by hyperglycaemia
resulting from defects in insulin secretion, insulin action or both. The chronic
hyperglycaemia of diabetes is associated with long-term damage, dysfunction and
failure of different organs; especially eyes, kidneys, nerves, heart and blood

vessels.(21)
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Type 2 diabetes or adult-onset diabetes previously referred to as non-
insulin dependent diabetes (22). Hyperglycaemia in type 2 diabetes resulting from
progressive defects in insulin secretion and action, Early type 2 diabetes usually have
insulin resistance and relative insulin deficiency, ketoacidosis seldom occurs

The ADA diagnostic criteria are Fasting Plasma Glucose(FPG) >=126
mg% or Oral Glucose Tolerance Test (OGTT) >=200 mg% or HbAlc >= 6.5%.The
American Association of Clinical Endocrinologists (AACE) and the World Health
Organization (WHO) use the ADA criteria for diabetes; the AACE advises
confirmation with fasting plasma glucose testing when the diagnosis is made on the
basis of HbAlc testing. For the identification pre-diabetes, the ADA is the sole group
to fully endorse HbAlc testing, with a cut-off range of 5.7 to 6.4% and no
recommended confirmatory testing. The AACE allows for the use of HbHbA 1¢ testing
screening for pre-diabetes but stipulates needed for follow-up testing of fasting plasma
glucose for those with values of 5.5 to 6.4%, while WHO not recommended using
HbA 1c test for pre-diabetes diagnosis (2, 19).

In summary of reviewing of the performance of various screening methods
for detecting undiagnosed type 2 diabetes shows that questionnaires tend to perform
poorly, whereas biochemical tests perform better. FPG and CBG measurements
perform better than HbAlc measurements, and postprandial or post—glucose load
glucose levels have advantages over spontaneously, the natural history and
progression of disease as long as beta-cell function producing and secreting
compensatory insulin to maintain blood glucose, from onset of type 2 diabetes
diagnosis, beta-cell function continue declining, until the late stage of type 2 diabetes
beta-cells of pancreas had deteriorated beta-cell function and failed in producing and
secreting insulin, that time it needs insulin therapy (2).

Based on the epidemiological studies of aetiology, pathogenesis and the
outcome of diabetes, are important evidence encompass with progression of beta-cell
dysfunction, impaired insulin action and diabetic complication. The natural history of
type 2 diabetes is composed of 3 main stages; Normoglycemia,Pre-diabetes and Stage

of diabetes (22).
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Pre-diabetes represent metabolic states intermediate between normal
glucose homeostasis and diabetic hyperglycemia (12) , which is characterised by mild
hyperglycaemia, insulin resistance and early decrements in insulin secretory capacity.
Pre-diabetes was defined as clinical stage of dysglycemia that blood glucose level
making cutoff point for diabetes diagnosis below or blood glucose level of this stage
did not associated with chronic complication progression especially diabetic
retinopathy.Pre-diabetes divide in two category ; IFG and IGT (2).

Diabetes was defined as clinical stage of dysglycemia that blood glucose
level had make cutoff point for abnormal glucose regulation and associated with
chronic complication progression especially diabetic retinopathy.(21)The staging of
type 2 diabetes relevant to screening in the natural history of type 2 diabetes is
subdivided into 5 stages; Undetectable preclinical stage, Detectable preclinical stage,
Symptoms develop stage, Complication detection stage and Major disability or Organ
failure stage (16).

Screening is a form of secondary disease prevention, as it aims to reduce
morbidity and mortality from the disease. Generally, disease process detected by
screening defined as period from biologic onset of disease and before symptoms or
signs present.Since the main purpose of diabetes screening is to detect asymptomatic
people with undiagnosed diabetes, if a person presents as a result of any of the
symptoms of disease and is confirmed to have the condition then this process is
diagnosis and not screening .(45)

Screening tests for type 2 diabetes were the appropriated to detect early
stage of disease that effective treatment is available for decreasing chronic
complication when compared to treatment which follow the clinical stage of disease
and economy for cost-effectiveness to using screening program. There were several
studies of cost-effective to using diabetes screening program and diabetes prevention
models (8-10).

Screening tests for type 2 diabetes include risk assessment questionnaires,
biochemical tests such as urine glucose, capillary blood glucose and combinations of
the two. These screening process, screening test and the treatment have been safety
and acceptable to population (17). Each screening test needs a designated and pre-

determined threshold or ‘cut-point’ that defines pre-diabetes or undiagnosed diabetes.
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Screening tests are usually followed by diagnostic tests to detect recently diabetes. The
standard of diagnostic tests are FPG and OGTT, currently the HbAlc test had been
used for diabetes diagnosis. These tests use standard criteria in order to make the
diagnosis or to confirm diagnosis (2).

The ADA diagnostic criteria are FPG >=126 mg% or OGTT >=200 mg%
or HbAlc >= 6.5%.The AACE and the WHO use the ADA criteria for diabetes; the
AACE advises confirmation with fasting plasma glucose testing when the diagnosis is
made on the basis of HbA lc testing. For the identification of pre-diabetes, the ADA is
the sole group to fully endorse HbAlc fasting levels. Performance of all screening
tests is dependent on the cut-off point selected. A two-stage screening test strategy
may assist with a more efficient use of resources, although such approaches have not
been rigorously tested. Because performance of test typically depends on the
population that evaluated, interpretation within and across studies can be difficult to
compare.However, currently many studies prefer HbAlc to use for diabetes screening
program.

HbA 1c appears to be a useful, convenient and reliable tool for identifying
subjects with pre-diabetes and diabetes and should be considered in the development
of diagnostic strategies. HbAlc and FPG are equally effective screening tools for the
detection of type 2 diabetes. Previous studies have demonstrated that HbAlc has less
intra-individual variation and better predicts both micro and macrovascular
complications. Although the current cost of HbHbAlc is higher than FPG, the
additional benefits in predicting costly preventable clinical complications may make
this a cost-effective choice. HbAlc has good sensitivity and specificity to diagnose
abnormal glucose tolerance and types 2 diabetes .(77) A lower cut-off value should be
used when screening for pre-diabetes and undiagnosed diabetes together than when
screening for undiagnosed diabetes alone .(72)

The combination of HbAlc 5.7-6.4% and FPG 100-125 mg% would
have the best performance in reducing the likelihood of missing future cases of
diabetes. Identifying pre-diabetic individuals who strictly fulfil HbAlc 6.0-6.4% and
FPG 110-125 mg% would predict definite progression to diabetes. (78)
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In Asian Indians, HbAlc cut points of 6.1 and 6.4% defined diabetes by 2-
h OGTT or FPG criteria, respectively. A value of 5.6% optimally identified IGT or
IFG but was >=70% accurate. (66)

In Korean an HbAlc cut-point of 5.7% is a suitable value for predicting
future diabetes. It is reasonable to consider a HbHbAlc range of 5.7-6.4% as a
category of increased risk for diabetes, similar to an IFG or IGT. (67)

In the obese Chinese population, HbAlc as a single screening test is
adequate to detect newly diagnosed diabetes but is not able to identify pre-diabetes.
An HbAIc threshold of 6.3% was highly specific for detecting undiagnosed diabetes
in Chinese adults and had sensitivity similar to that of using a FPG threshold of 126
mg%. This optimal HbAlc threshold may be suitable as a diagnostic criterion for
diabetes in Chinese adults when fasting plasma glucose and oral glucose tolerance
tests are not available. (69)

And the studying in Thai population, a Thai diabetes risk score was
developed and evaluate a to predict people at high risk of diabetes in Thailand.A cut-
off score of 6 of 17 produced the optimal sum of sensitivity (77%) and specificity
(60%). The AUC was 0.74. Adding IFG or IGT status to the model slightly increased
the AUC to 0.78. (54) The studying in Thai population to evaluate the diagnostic
performance of postprandial venous and capillary glucose. The sensitivity and
specificity at the optimal cut-off point for venous glucose (98 mg%)were 68.28% and
67.90% and the sensitivity and specificity at the optimal cut-off point for capillary
glucose (103mg%) were 63.45% and 64.06%. The AUC was 0.73 for venous glucose
and 0.69 for capillary glucose. (59) The study to assess the usefulness of RCBG
measurement in screening for diabetes in high-risk subjects. For the cut-off points of
RCBG >= 110 mg% had be useful screening test for the screening of diabetes mellitus
in high risk subjects. (64)When testing the values obtained by FCBG as screening
method and HbHbA 1¢ values at a cut-off point of 7% as clinical reference, sensitivity
decreased to 45.6%, specificity decreased to 96.3%.Consequently, the PPV also
decreased to 58.5%. (80) Even these study had been a standard guideline for Thai
people, on Thailand National Diabetes Screening Program had been using a cut-off
diabetes risk score of 9 of 17 for subsequently diabetes screening by FCBG or RCBG
and confirmation test by FBG if FCBG>=100 mg% or RCBG >=110 mg% . However,
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this risk score was designed for diabetes screening, so when was applied to use with
pre-diabetes screening, it is question about validity of this cut-off for pre-diabetes
screening.However, Thai National Diabetes Screening Program was not

recommendation HbA ¢ for diabetes diagnosis.
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CHAPTER IlI
RESEARCH METHODOLOGY

3.1 Study design

In this study, the research design was an observational epidemiological
study by population survey to determine prevalence of pre-diabetes and incidence of
diabetes and evaluation the performance of the convenient screening program (serial
of TDRS, RCBG and HbAlc) and conventional screening program (serial of TDRS,
FCBG and FPG).

This research divided two step for studying as follow :

Step 1 : It should be determined the optimal cut-off point of TDRS,
RCBG and HbAlc

Step 2 : The convenient diabetes screening program should be designed
based-on the results of the performance of the three tests ; TDRS, RCBG and HbAlc
in first step. Therefore, optimal cut-off point of the three tests should be using to these
protocols in pilot project of one stop service diabetic screening model.On the other
hand, the conventional diabetes screening program should be using a standard cut-off
points of FCBG and FPG for identifying diabetes diagnosed classification (Figure
3.1).
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3.2 Target population and study sites

The target population of study was people risk group who should
progressed to become pre-diabetes or diabetes, so call - “diabetes risk group people”

Target population: refers to people were age-group equal or more than
35 years old which did not had diabetes and had been live at Banthaen district
area.The person who had at least 2 of 3 diabetes symptoms such as polydipsia,
polyuria and weigh loss was excluded

BanThaen district is a small place in Chaiyaphum province that locate on
north-eastern part of Thailand. There were 5 sub-districts, 66 villages and 10,448
families. The population were 45,125 peoples which age-group more than or equal 35
years old were 25,085 peoples. Banthaen district had 6 primary care unit and 1
community hospital.The information of each primary care unit area was described as
follows:.

Cluster No. 1:BanThaen community hospital was 16 villages, 3,045
families and 7,125 persons which aged equal or older than 35 years.

Cluster No. 2 :BanToa health centre was 7 villages, 1,252 families and
3,051persons which aged equal or older than 35 years.

Cluster No. 3: Srapung health centre was 9 villages, 1,132 f families and
3,084 persons which aged equal or older than 35 years.

Cluster No. 4:Samsuan health centre was 12 villages, 1,741 families and
4,413 persons which aged equal or older than 35 years.

Cluster No. 5: Nongkoo health centre was 10 villages, 1,558 families and
3,687 persons which aged equal or older than 35 years.

Cluster No. 6:Donkhingkang health centre was 6 villages, 890 families and
2,097 persons which aged equal or older than 35 years.

Cluster No.7:Lupkai health centre was 6 villages, 630 families and 1,629

persons which aged equal or older than 35 years.
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Figure 3.2 The BanThaen District Region of Chaiyaphum province ,Thailand.
Source: Google maps and Hospital profile of BanThaen hospital.

3.3 Sample size

Because of primary objective of this study aim to determine the
proportions of the performance of the convenient diabetes screening program and the
conventional diabetes screening program. For estimating proportions of the two
population the determination of same sample size was calculated using the following
formula below:

For estimating proportions the determination of sample size was calculated
using the following formula:

z*Np(l-p)
n= 2 p(1-p)+(N-Dd*
Where:

n = the estimated sample size

N = Total number of population who were equal or older than 35 years
(25,085)

Z = the z-score at 99% confidence interval level which is 2.58

d = degree of accuracy desired setting at 0.05
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p = the proportion of population which detected pre-diabetes and diabetes

of interest population aged equal or more than 35 years old was 20% (4).

2.582(25085)(0.2X1 - 0.2)
n= 2.587(0.2)(0.8) + 25084(0.05)"

26716.13
n— 63.78

n= 420

The required sample size was at least 420 persons. Because of the
estimated sample was drop out around 5%, so it was adjusted to 440 persons.

Therefore, the sample size was adjusted again to around 450 persons for

proper sample of each area of 7 cluster sampling technique.

3.4 Sampling Technique

The sampling technique was the purposive sampling by multi-stage
stratified sampling technique.

First stage : The cluster was divided by 7 area-based of primary care unit
responsibility, they were selecting all 7 clusters.

Second stage : There were randomised 15 Of 66 villages, 2 selected
villages of each cluster, except BanThaen hospital cluster had 3 villages for selecting.

Third stage : There were randomised 450 Of 2,080 families of the 15
selected villages by the simple random sampling technique.The sample was
randomised from the family number until reach targeted amount of sample (30
families of each village).

Fourth stage : Finally, there were randomised 450 of 5,162 persons of
450 selected families by the simple random sampling technique. A simple random
sampling of each family member was done for only one person of all member of each
family. (Selected one subject for each family.) The information of each cluster was

described as follows:
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Cluster No. 1:BanThaen community hospital was randomised 3 of 16
villages, 90 of 3,045 families and 90 of 7,125 persons which aged equal or older than
35 years.

Cluster No. 2 :BanToa health centre was randomised 2 of 7 villages, 60 of
1,252 families and 60 of 3,051persons which aged equal or older than 35 years.

Cluster No. 3: Srapung health centre was randomised 2 of 9 villages, 60 of
1,132 f families and 60 of 3,084 persons which aged equal or older than 35 years.

Cluster No. 4:Samsuan health centre was randomised 2 of 12 villages, 60
of 1,741 families and 60 of 4,413 persons which aged equal or older than 35 years.

Cluster No.5: Nongkoo health centre was randomised 2 of 10 villages, 60
of 1,558 families and 60 of 3,687 persons which aged equal or older than 35 years.

Cluster No.6:Donkhingkang health centre was randomised 2 of 6 villages,
60 of 890 families and 60 of 2,097 persons which aged equal or older than 35 years.

Cluster No.7:Lupkai health centre was randomised 2 of 6 villages, 60 of
630 families and 60 of 1,629 persons which aged equal or older than 35 years.

3.5 Research instrument
This study used the three instruments in the one document and record form
for data collection: structured interviews questionnaire,physical examination record

and screening test record.

Part I: Structured Interviews Questionnaire

A structured interviews questionnaire was developed and used for data
collection by health staff at health centres included

- Socio-demographic factors : There were 8 questions that follows :

Age, Sub-district Residence, Gender, Education, Registered Health centre,
Occupation,Income of participant and income of family.

- Individual behavioural factors :This consisted of 20 questions that
follows :

History of smoking, History of Alcohol consumption, Physical activity
habit and Dietary intake habit score.
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- Clinical characteristic factors: This consisted of 10 questions that
follows : Morbidity, History of acutely illness in the last 3 months ago, History of
herbal ingestion in the last 3 months ago, History of psychologic stress problem in the
last 3 months ago, History of had IFG or IGT , History of gestational diabetes, History
of delivery more than 4 kg birthweight baby, History of current meal duration before
RCBG test.

Part Il :Physical examination record

Physical examination : This consisted of 3 measure equipments for 6
items that follow:

- Weight Measure Device for body weight

- Measure Tape for Waist Circumference and Height

- Digital Blood Pressure measurement Device for SBP and DBP

- BMI was calculated by formula as follow:

BMI (kg/m?)= Body weight (kg.)/(high(m.) x high(m.))

The results of each physical examination was define as follows:

Abnormal WC defined by WC of >=90 cm in men and >=80cm in woman.

Hypertension defined by SBP >140 mmHg or DBP > 90 mmHg.

BMI classification was define as follows:

- Low BMI defined by BMI <18.49 kg/m’

- Normal BMI defined by BMI 18.5-22.9 kg/m*

- Overweight-At Risk (for asian people) defined by BMI 23-24.9 kg/m’

- Overweight defined by BMI 25-29.9 kg/m’

- Obesity defined by BMI >=30 kg/m’

Part 11 :Screening program record

Diabetes risk score :There are consisted of 7 items of this part. This
record form was using recommendation of Thailand diabetes standard guideline for
diabetes risk score criteria to include diabetes screening program.

Blood chemical test : This consisted of 3 measure equipments for 6 items

that follow :
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- Glucometer portable device was used for blood glucose measurement (
Random Capillary Blood Glucose level and Fasting Capillary Blood Glucose level).

- Boronate Affinity Assay Method equipment was used for glycated
hemoglobin Alc measurement ( HbAlc level )

- Glucose Oxidase assay method automated equipment was used for
plasma glucose measurement ( First Venous Fasting Plasma Glucose level, Second
Venous Fasting Plasma Glucose level and Oral Glucose Tolerance Test level)

Results of screening program record :This section was done by doctor at
community hospital only. The results of screening program was summarised by using
the 2 laboratory test ; FPG and OGTT as a gold standard for diabetes diagnosis and
classification. So, there is only one items of this part for diabetes diagnosis
classification that divided to 6 categories as follows:

- Normal Blood Glucose refer to OGTT level less than 140 mg% and

FPG level less than 100 mg%.

-Abnormal Blood Glucose refer to OGTT level more than or equal 140
mg% or FPG level more than or equal 100 mg%.

-Impaired Fasting Glucose (IFG) refer to persons who FPG level more
than or equal 100 mg% to less than 126 mg%, but OGTT level less than 140 mg%.

-Impaired Glucose Tolerance (IGT) refer to persons who OGTT level
more than or equal 140 mg% to less than 200 mg%, but FPG level less than 126 mg%.

- Newly diagnosed diabetes refer to persons who did not ever had
diabetes before screening test was done and the result of gold standard tests were
OGTT level more than or equal 200 mg% or FPG level more or equal 126 mg%.

- No data available for diagnosis refer to person who did not had oral

glucose tolerance test or FPG or missing data about OGTT or FPG.

3.6 Pre-test

Before data collection, the questionnaire was pretested on Consensus
validity process with 5 expertise in different field of expert such as health policy (Mrs.
Narumol Aupongsathon), internal medicine (Dr Morakot Phatarapongsinthu),

Physiotherapist (Mrs. Ankara Ponprapai) and diabetes education nurse (Mrs.
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Wondauen Laucha and Mrs. Sompak Leksongnern).Then, the questionnaire was
reviewed for removing or re-wording to adjust about the question wording.

Because of a Thai diabetes risk score was used with Thai standard
guideline for diabetes screening protocol, so it was chosen to use in this study without
pre-tested on Criterion validity.

Physical examination data collection included body weight, height, waist
circumference and blood pressure. Before physical examination was done, the new
equipment should be prepared with standardized quality control passing from the
factory. The body weight and the blood pressure measure equipments should be
calibrated with standardized quality control processing before using in this study.

Laboratory test data collection included capillary blood test, Plasma
glucose and HbAlc test. Before blood tests was done, the new reagent should be
prepared with standardized quality control passing from the factory. All equipments
should be calibrated with standardized quality control processing before using in this
study.

- Capillary blood glucose level was measured by Biosensor method which
using glucose oxidase enzyme (GO) portable device.

- Plasma glucose level was measured by Glucose Oxidase assay for plasma
glucose measurement automated equipment.

- HbAlc level was measured by Boronate Affinity Assay Methods

equipment.

3.7 Data collection

The data of this study was collected by interviewing, physical
examination and laboratory testing which should be done as follows :

-Step One : All participants should be taken random capillary blood
glucose test at home, then appointment to blood testing at primary care unit or hospital
or mobile unit within 7 days.

-Step Two :At health centre or mobile unit, Before visiting at primary care
unit or mobile unit all persons have fasting period about 8 hours.On appointment day,

all participants should be taken interviewing and physical examination by health staff



Dusit Khumchaiyaphum Research Methodology / 60

of primary care unit to complete part I, II of the questionnaire and diabetes risk score
record.Immediately, after interviewing and physical examination all persons should be
taken fasting capillary blood glucose test is done and two venous blood sample should
be collected for fasting plasma glucose test and HbAlc test. Next, all persons were
given 75 g. of glucose loading by oral route, then after 2 hours of glucose ingestion, a
venous blood sample should be collected for plasma glucose test (2 hours oral glucose
tolerance test). All blood samples s should be preserved with EDTA for HbAlc and
lithium heparin for Plasma glucose and store in ice pack chamber for transferring to
laboratory centre of hospital within 1 hours in the same day. At hospital, all blood
samples should be check by medical technician. Qualified blood specimens should be
stored in refrigerator that have been kept temperature at 4 Celsius degree. Finally, all
blood specimens should be test with in 4 hours and report within 24 hours. An
unqualified blood specimen should be reject and new blood specimen should be take
within 7 days. However, the person who abnormal fasting plasma glucose should be
retesting again within 7 days. In summary, this step has been completed with in 7 days
or before appointment to visit the step three which are not more than 14 days from
step one.

-Step Three : At hospital, all participants should be met the doctor to
inform the result of screening test and basic diabetes knowledge. The newly diagnosed
diabetes persons should be registered and had been continuos caring with Thailand
standard guideline and the pre-diabetes persons had been continuos caring in Diet
Physical Activity Clinic (DPAC) for health education and behaviour change programs
by multidisciplinary team.

After research had been approved by the Ethical Review Committee of
Chaiyaphum Province, approval number of su 0032.102/10 on 20™ January 2014. All

participants gave informed consent.They were not received payment for each session
in which they participated. Then the data collection and blood test should be done
since January 2014 to February 2014.
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3.8 Data management and analysis

The data were recorded into computerised software SPSS version 22 and it
was screened for checking about overview of data set such as number of sample,
number of variables, then a characteristic of individual variables was checked about
rage, duplicated record, type of data and missing data. After screened processing, the
checked data was edited and correction or missing label, then data set should be
rechecked again.

Before inferential statistic analysis, the data set were tested about normal
distribution of each variables with the histogram, box and whisker plot and Quantile-
Quantile plot of data set. Then, it was exported to spreadsheet file and STATA version
10.0 for further data analysis. There were six parts of data analysis as follow.

Part 1. Descriptive statistics, using frequency and percentage, average
and standard deviation as follow.

-Socio-demographic factors variables was described with descriptive
statistic frequency and percentage, average and standard deviation.

-Results of diabetes diagnosis variable was described with descriptive
statistic such as frequency and percentage of normal blood glucose, pre-diabetes and
newly diagnosed diabetes, then reported by the table.

Part 2. Inferential statistics were used to determine a Pearson correlation
coefficient (r) among the tests such as TDRS, FCBG, RCBG, Venous FPG and 2h-
OGTT, then reported by the table.

Part 3. Inferential statistics, ANOVA statistic, using to compare mean
difference of screening test value variables such as TDRS, FCBG level, RCBG level,
HbAlc level, Venous FPG level and 2h-OGTT level among 4 group of outcome
variable (normal blood glucose, IFG, IGT, and newly diagnosed diabetes).

Part 4. Inferential statistics, Chi-square and Fisher exact test statistic to
compare risk difference of percentage of abnormal detection of the TDRS, FCBG test,
RCBG test, HbAlc test, Venous FPG test and 2h OGTT test. Then the performance of
screening test were analysis to determine validity index and reliability index as

follows : ( Table 3.2)
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Table 3.1 a 2x2 table for the definition using of statistic indicators of tests. (48)

Disease No Disease Total
Test ‘positive’ a b a+b
Test ‘negative’ C d cHd
Total atc b+d atb+c+d

True positive refer to the persons has the test positive and had been a
disease (by table 1 represent as “ a ’)

True negative refer to the persons has the test negative and had not been a
disease (by table 1 represent as “ d ’)

Sensitivity refer to the proportion of person with the true positive of test
and total of person with disease which calculated as formula follow:

- sensitivity=a x100 / (a+c )

Specificity refer to the proportion of person with the true negative of test
and total of person without disease which calculated as formula follow:

- Specificity =d x100 / ( b+d )

Positive Predictive Value(PPV) refer to the proportion of person with the
true positive of test and total of person with the test positive which calculated as
formula follow:

-PPV=2ax100/(atb)

Negative Predictive Value(NPV) refer to the proportion of person with
the true negative of test and total of person with the test negative which calculated as
formula follow:

-NPV=dx100/(ctd)

Proportion of Agreement refer to the proportion of the addition of true
positive(a) and true negative (d) of the test and total persons has been tested(a+b+c+d)
which calculated as formula follow: (81)

- Proportion of Agreement =( a+d) x100 / ( a+b+c+d )
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Measurement of agreement refer to Kappa statistics for using reliability
index that was the degree to which the results obtained by any given procedure can be
replicated. The level of agreement was described as follow (82) :

- Kappa statistics 0.01 - 0.2 was Slight agreement.

- Kappa statistics 0.21-0.4 was Fair agreement.

- Kappa statistics 0.41-0.6 was Moderate agreement.

- Kappa statistics 0.61-0.8 was Substantial agreement.

- Kappa statistics 0.81-0.99 was Almost perfect agreement

Receiver Operator Characteristic Curve (ROC) refer to the relationship
between the sensitivity and specificity of the tests. The true positive rate (sensitivity)
is plotted on the y axis against the false positive rate (1-specificity) over a range of
cut-off values. (48, 83)

ROC-Area Under the Curve (AUC) refer to a quantification of overall
quality of a continuous test by calculating the area under the ROC curve between the
specific test and hypothetical uninformative test .The AUC value has used in accuracy
index to specify performance indicator of test that its value range from 0.5 to 1.0,in
general AUC 0.5-0.7 indicates a poor accuracy; 0.7-0.9 a good accuracy and above 0.9
an excellent accuracy, another used ROC curve and AUC to compare different
screening modalities. (48, 83)

Cut-off point refer to a co-ordinate point of each points on ROC curve
that indicated abnormal value of a test to diagnose the disease. (48, 83)

Optimal cut-off point refer to a co-ordinate point on ROC curve that
indicated abnormal value of a test to diagnose the disease and should be maximised
validity index.The optimal cut-off point determined by a point that had a lowest
distance (d) between each co-ordinated point on ROC curve and the co-ordinated
(0,1), d value was calculated by a formula that d=V[(1-sensitivity)*+ (1-specificity)’]
(83) .On the other hand, the second method for determining optimal cut-off point was
used a Youden index that calculated by True Positive Fraction - False Positive
Fraction or Sensitivity - (1-Specificity) or Sensitivity + Specificity - 1 .The cut-off
points that had a maximum Youden index was define as optimal cut-off point. (83)

This study had been using computerised software SPSS version 22 to plot

ROC curve and calculated Area Under Curve (AUC) and exported the data of the cut-
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off points on ROC curve, sensitivity values and 1-specificity values to Spreadsheet
software then calculated d value and Youden index of each cut-off point.Finally,
determined the statistics of validity index such as sensitivity, specificity, PPV, NPV
and the statistics of reliability index such as Kappa statistic and proportion of
agreement at the optimal cut-off point by computerised software SPSS version 22,
again.

Part 5. Inferential statistics, Chi-square and Fisher exact test statistic to
compare risk difference of AUC among gold standard test, TDRS, RCBG, FCBG,
FPG and HbAIc for identifying NDD, pre-diabetes and ABG. In addition, to compare
risk difference of AUC between RCBG vs. FCBG and FPG vs. HbAlc for identifying
NDD, pre-diabetes and ABG by using the computerised software STATA version 10.0

Part 6.Inferential statistics, Chi-square and Fisher exact test statistic to
determine wvalidity index and reliability index of abnormal detection between
conventional screening program (serial of TDRS, FCBG and FPG) and convenient
screening program (serial of TDRS, RCBG and HbAlc).For an effectives evaluation
of the tests had been using a total material cost per case and a total material cost per

newly diagnosed diabetes case



Fac. of Grad. Studies, Mahidol Univ.

CHAPTER IV
RESULTS

M.P.H.M. /65

The aim of this research was to determine the performance of the

convenient diabetes screening program at BanThaen district in Chaiyaphum province

of Thailand.

The data was collected from 441 persons who age more than 35 years old,

because of excluding person who had symptomatic diabetes (5 records), loss following

(3 records) and missing data collection (1 record) (Table 4.1).

Table 4.1 Samples selection by multi-stage stratified sampling.

Health Centre

Sample selection

Village Family Person
Banthaen 3/16 86 86
Bantoa 217 59 59
Sraphang 2/9 60 60
Samsuan 2/12 56 56
Nongkoo 2/10 58 58
Donkhingkang 2/6 62 62
Lupkai 2/6 60 60
Total 15/66 441/2,080 441/4,98
7

old.

* All 7 Health Centre had 25,085 person who age more than or equal 35 years
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The results are first present in the form of descriptive finding using table
of frequency and percentage distribution of the Socio-demographic factors, Clinical
characteristic factors and results of diabetes diagnosed classification variables.Then,
they present in the form of analytic finding using table of validity indices and
reliability indices, finally they present in form of ROC graph for comparison among
the tests.

These parts are as follows

4.1 Socio-demographic factors

4.2 Clinical characteristic factors

4.3 Results of screening tests

4.4 Comparison of the performance between convenient program and

conventional program

4.1 Socio-demographic factors

Of the 441 subjects, most subjects were women of 79.8%, over haft
(55.2%) were between the aged 50 to 59 years old ( mean age 53.2 years, SD 10.3,
Min-Max 35-85).Most subjects had studied at primary level of 79.1%. Most subjects
were a farmer or labourer of 82.4%. The median of family income per year was
100,000 baht (SD 148,987.27, Min-Max 10,000-1,250,000) (Table 4.2).

4.2 Clinical characteristic factors

Results of interviewing and physical examination were diabetes risk
factors to describe, over one quarters ( 22.7% ) of the subjects were diagnosed
Hypertension which so high prevalence and the mean Systolic BP was so high too
(mean SBP 128.5 mmHg, SD 16.7), regarding individual behaviour history, most
subject had good behavioral habit about smoking, only 9.0% had current smoking
habit, they were so high proportional of the bad behavior habit such as current alcohol
intake habit of 21.7%, bad diet practice evaluation of 53.4% and inactive or moderate
physical activity of 87.5%.Regarding other diabetes risk factors, few subjects about
2.5% of all were history of Gestational Diabetes Mellitus and 0.6% were history of
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delivery baby who birth weight more than 4 kg, but they were high proportional of
other diabetes risks such as family history of diabetes of 27.7%, BMI more than 25
kg/m2 of 35.4% ( Overweight-At Risk for asian people which BMI more than 23.0
kg/m? of 58.1%) and abnormal WC of 51.5% (mean 82.95 cm, SD 9.8, Min-Max 48-
128 ).In term of the TDRS evaluation, the proportional of abnormal TDRS was so
high, it was TDRS >= 6 point of 56.3% ( mean 6.39 points, SD 3.75, Min-Max 0-15)
(Table 4.2).

4.3 Results of screening tests

The prevalence of pre-diabetes and the incidence of NDD were so high,
IFG of 10.9%, IGT of 11.3% and NDD of 11.3%.

In term of the comparison mean different of the value of the tests among
each diabetes diagnosis classification, the mean of TDRS and FCBG of NDD group
was difference from NBG (p < 0.001), while the mean of RCBG and HbAlc of NDD
group was difference from each other (p < 0.001).Regarding comparison of mean of
FPG, the NDD group was difference from NBG and IGT ( p < 0.001) and IFG group
was different from NBG group ( p < 0.001). Last, comparison of mean of 2hr-OGTT,
the NDD group was difference from NBG and IGT (p < 0.001) (Table 4.3).

- Results of a correlation among each measurement variables

A Pearson correlation coefficient (r) was analysis for a correlation among
each test and other test.The value of measurement variables which were significant
correlation with TDRS value at 0.01 level, there were so low correlation such as
RCBG (r=0.158, p=0.001), FPG (r=0.233, p<0.0001), HbA1c (r=0.201, p<0.0001) and
2hOGTT (r=0.180, p<0.0001).Whereas TDRS (r=0.092, p=0.054) was no significant
correlation with FCBG level.

The value of measurement variables which were significant correlation
with RCBG value at 0.01 level, it was so low correlation with TDRS (r=0.158,
p=0.001), while there were so moderate correlation such as FCBG (r=0.497,
p<0.0001), FPG (r=0.477, p<0.0001) and 2h-OGTT (r=0.475, p<0.0001).The value of

measurement variables which were significant correlation with FCBG value at 0.01
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level, it was so high correlation with FPG (r=0.714, p<0.0001), there were moderately
correlation such as RCBG (r=0.497, p<0.0001), and 2h-OGTT (r=0.547,
p<0.0001).The value of measurement variables which were significant correlation
with HbAlc value at 0.01 level, there were so moderate correlation such as RCBG
(r=0.457, p<0.0001), FCBG (r=0.542, p<0.0001), FPG (r=0.576, p<0.0001) and
2hOGTT (r=0.601, p<0.0001), whereas TDRS (r=0.201, p=0.001) was so low
correlation with HAlc level (Table 4.4).

Table 4.2 Socio-demographic factors

ITems Frequency Percent Remark

Age (N=440)
mean 53.15 years
Min 31 Max 85
SD 10.261

34-44 Years 98 22.3

45-49 Years 69 15.7

50-69 Years 243 55.2

More than 69 Years 30 6.8

Gender (N=441)

Male 89 20.2
Female 352 79.8

Education (N=441)

No education 4 0.9
Primary level 349 79.1
Secondary level 78 17.7

Bachelor degree 10 2.3
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Occupation (N=441)

Farmer or Gardener
Labourer

Government officer
Private company officer
Own small business
House hold

Retire employee

Other

Family income per year
(Baht)
(N=441)

<100,000 Baht
100,001-250,000 Baht
250,001-500,000 Baht
500,001-1,000,000 Baht
>1,000,000 Baht

331
32

26

37

252
112
S7
12

75.1
7.3
14
0.9
50
0.5
8.4
0.5

58.1
25.8
13.1
2.8
0.2

Median 100,000
Min10,000

Max 1,250,000
SD 148,987.27
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ITems Frequency Percent Remark
Current Smoking Habit (N=410)

No 373 91.0
Yes 37 9.0
Current Alcoholic intake habit

(N=392)

No 307 78.3
Yes 85 21.7
Physical Activity Habit (N=439)

1.Sedentary Behavior 83 18.9
2.Somewhat Active 301 68.6
3.Moderately to Very Active 55 12.5
Good diet Habit (N=441)

No 231 52.4
Yes 210 47.6
Diabetes in Family (N=440)

No 318 72.3
Yes 122 27.7
Gestational DM (N=354)

No 345 97.5
Yes 9 2.5
BW of baby >4kg. (N=353)

No 351 99.4
Yes 2 0.6
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Table 4.3 Clinical Characteristic factors (cont.)

ITems Frequency | Percent Remark

BMI (kg/m? (N=441)

underweight (<185) 27 6.1 Mean 23.9

Normal range (18.5-22.9) 158 35.8 SD 3.9

Overweight - At Risk (23.0-24.9) | 100 22.7

Overweight (25.0-29.9) 126 186 ggi_g_MaX 13.4-

Obesity (>=30.0) 30 6.8

WC (N=441) Mean 82.95 cm

Normal 214 48.5 SD 9.8

(An?;?;nfslao cm female >=80cm) | 227 51.5 2/|2|E;1Max 48-

Underlying HT (N=441)

No 341 77.3

Yes 100 22.7

SBP (N=441) Mean 1285
mmHg

below or equal 130 mmHg 261 59.2 SD 16.7

131-139 mmHg 87 19.7 Min-Max 91-205

Higher than 140 mmHg 93 21.1

DBP (N=441) Mean 76.5
mmHg

below or equal 80 mmHg 290 65.8 SD 9.9

81-90 mmHg 124 28.1 Min-Max 35-116

Higher than 140 mmHg 27 6.1
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TDRS category (N=440)

Mean 6.39 points

0-2 points 89 20.2 SD 3.75
3-5 points 103 234 Min-Max 0-15
6-8 points 107 24.3

>9 points 141 32.0

DM Classification by ADA

(N=441)

NBG 283 64.2

IFG 48 10.9

IGT 50 11.3

IFG and IGT 10 2.3

NDD 50 11.3
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Table 4.4 Average of Clinical Characteristic variables by diabetes classification

diabetes classification

variables Total
NBG IFG IGT NDD

Mean SD Mean SD Mean SD Mean SD Mean SD
Age
(year) 51.9 10.1 51.6 9.0 58.1* | 11.0 52.8 9.5 53.2 10.3
Body
weight 59.1 10.2 60.2 9.3 58.3 11.0 61.6 11.2 59.7 10.5
(kg)
BMI
(kg/m?) 23.6 3.8 24.2 3.7 23.7 3.6 25.0 4.4 23.9 3.9
wC
(cm) 82.0 9.7 83.3 8.4 82.4 10.0 86.0 9.4 83.0 9.8
SBP 125.9*
(mmHg) | = 15,5 127.4 18.4 1346 | 158 136.7* 18.3 1285 | 16.7
DBP
(mmHg) | 753 9.8 77.2 9.2 77.2 9.1 80.7 10.5 76.5 9.9
TDRS
(point) 58* | 36 6.3 4.1 6.5 3.0 8.70* 3.9 6.4 3.8
RCBG * *
(mg%) 111'3 31.9 120.4** | 42.8 i27'7 43.1 170.1%** 84.0 121.0 | 472
FCBG
(mg%) 90.2** 14.8 103.3** 18.3 96.4** 135 130.5*** 65.2 97.1 289
FPG
(mg%) 81.5%* | 89 1105 | 6.8 84.9** | 95 122.5* 50.3 1104 | 938
HbAlc
%) 6.4%* 0.9 6.7%* 1.0 6.9** |10 8.5x** 2.1 6.8 1.3
2hr
OGTT .
(mg%) | gager | 211 10020+ | 171 | 1337 | 149 | 23540 | 854 | 1210 | 582
Remark *Mean difference among each diabetes diagnosis and NBG group was signifiant different at
0.01 level.

**Mean difference among each diabetes diagnosis and NDD group was signifiant different
at 0.01 level.

***Mean difference among each diabetes diagnosis and other group (NBG, IFG, IGT and
NDD) was signifiant different at 0.01 level.
( NBG.=Normal Blood Glucose, IFG.=Impaired Fasting Glucose, IGT=Impaired Glucose Tolerance,
NDD=Newly Diagnosed Diabetes,BMI=Body Mass Index, WC=Waise Circumference, SBP=Systolic
Blood Pressure, DBP=Diastolic Blood Pressure, TDRS.=Thai Diabetes Risk Score, RCBG.=Random

apillar 00 ucose, =Fasting Capillar 00 ucose, =Fasting Plasma Glucose,

Capillary Blood Gl FCBG=Fasting Capillary Blood Gl FPG=Fasting PI Gl
HbAlc=Glycated Hemoglobin Alc and 2hr OGTT=2 hour Oral Glucose Tolerance Test)
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Table 4.5 Results of Pearson Correlation among each screening test and other tests

Pearson Correlation

Screening
FPG HbA1l 2hr OGTT

et TDRS | RCBG | FCBG oo
TDRS 1.000 - - - - -
RCBG 0.158* 1.000 - - - -
FCBG 0.092 0.497* 1.000 - - -
FPG 0.233* 0.477* 0.714* 1.000 - -
HbAlc 0.201* 0.457* 0.542* 0.576* 1.000 -
2hr OGTT | 0.180* 0.475* 0.547* 0.516* 0.601* 1.000

Remark *Pearson Correlation was significant at 0.01

(TDRS.=Thai Diabetes Risk Score, RCBG.=Random Capillary Blood Glucose,
FCBG=Fasting Capillary Blood Glucose, FPG=Fasting Plasma Glucose,
HbAlc=Glycated Hemoglobin Alc and 2hr OGTT=2 hour Oral Glucose Tolerance
Test)




Fac. of Grad. Studies, Mahidol Univ. M.P.H.M. /75

Table 4.6 Results of the performance of TDRS, RCBG and HbAlc
for NDD, Pre-diabetes and ABG diagnosis

Abnormal proportion of
Items cut off Detection Sens Spec PPV NPV Agreement AUC p value
point % % % % %
n % (kappa stat)
NDD |
TDRS 6 38 | 8.6 | 76.0 | 46.2 | 15.3| 938 | 49.5(0.081)| 0.684 | p=0.003*
(points)
9** 28 | 6.4 | 56.0 | 71.0 | 56.0| 92.6 | 69.4(0.151)| 0.684 | p<0.001*
RCBG | 133** [ 39 6.8 60.0 79.0 26.8 | 938 | 76.9(0.279) | 0.717 | p<0.001*
(mg%)
135 29 6.6 58.0 | 80.3 274 | 937 | 77.7(0.257) | 0.717 | p<0.001*
140 28 | 6.4 | 56.0 | 82.8 | 29.5| 93.6 | 79.8(0.279) | 0.717 | p<0.001*
H?(;/“)lc 6.5 46 | 104 92.0 51.9 19.7 | 981 | 56.4(0.169) | 0.861 | p<0.001*
0
7.2x* 40 9.1 80.0 80.8 348 | 969 | 80.8(0.388) | 0.861 | p<0.001*
Pre-
| I
TDRS | 6** _
(points) 68 | 155 63.1 458 274 | 792 | 50(0.079) | 0540 | p=0.111
RCBG | 106**
(mg%) 67 | 152 62.0 44.6 267 | 783 | 488(0.046) | 0541 | p=0.228
H?(f)lc .7 9 | 224 91.7 14.4 258 | 845 | 33.3(0033) | 0560 | p=0.102
0
65" | 64 | 145 59.3 48.9 274 | 787 | 515(0.059) | 0560 | p=0.137
ABG
TDRS | 6**
(points) 103 | 234 66.9 49.3 415 | 734 | 55.4(0.142) | 0614 | p=0.001*
RCBG 110 92 | 21.0 | 60.1| 52.4 | 40.4 | 711 | 55.2 (0.115)| 0.623 | p=0.010*
(mg%) ]
117** | 81 | 18.4| 52.6| 64.8 | 44.5| 71.8 | 60.6(0.166)| 0.623 | p<0.001*
120 74 | 16.8| 48.1| 67.6 | 44.3| 70.8 | 60.8(0.153)| 0.623 | p=0.001*
H?{?)lc 5.7 144| 32.7| 935 | 16.4 | 375 | 825 | 43.4(0.073)| 0.699 | p=0.003*
0
65 | 106 | 240 68.8 55.4 | 453 | 7638 | 60.1(0.216) | 0699 | p<0.001*

Remark *Risk difference of the identifying diabetes, pre-diabetes and Abnormal Blood Glucose which were significant at 0.01
level.
**Qptimal cut-off points of each screening tests for identifying diabetes, pre-diabetes and Abnormal Blood Glucose.
('sens.=sensitivity, spec.=specificity, PPV=Positive Predictive Value, NPVV=Negative Predictive Value and AUC=Area Under
Curve of Receiver Operating Characteristics (ROC) curve )
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-Performance indicators of TDRS, RCBG, FCBG and HbA1c

The results of performance of the tests were based on validity indices and
reliability indices, for identifying diabetes with TDRS (table 4.4), it had poor accuracy
when defined by AUC ( 0.684, p < 0.001), the optimal cut-off point was 9 points
which had low validity indices (sensitivity of 56.0% and specificity of 71.0%) and low
reliability indices (kappa statistic 0.151 and Proportion of agreement of 69.4% ).
While an identifying pre-diabetes, it was not significant at 0.01 level. (p = 0.111).
However, for identifying ABG, it also had poor accuracy when defined by AUC (
0.614, p =0.001), the optimal cut-off point was 6 points which had low validity indices
(sensitivity of 66.9% and specificity of 49.3% ) and low reliability indices (kappa
statistic 0.142 and Proportion of agreement of 55.4% ).

For identifying diabetes with RCBG (table 4.4), it had good accuracy
when defined by AUC ( 0.717, p < 0.001), the optimal cut-off point was 133 mg%
which had moderate validity indices (sensitivity of 60.0% and specificity of 79.0%)
and fair reliability indices (kappa statistic 0.279 and Proportion of agreement of 76.9%
). While an identifying pre-diabetes, it was not significant at 0.01 level. (p=0.228).
However, for identifying ABG, it also had poor accuracy when defined by AUC
(0.623, p < 0.001), the optimal cut-off point was 117 mg% which had low validity
indices (sensitivity of 52.6% and specificity of 64.8%) and low reliability indices
(kappa statistic 0.166 and Proportion of agreement of 60.6% ).

For identifying diabetes with HbAlc (table 4.4), it had good accuracy
when defined by AUC ( 0.861, p < 0.001), the optimal cut-off point was 7.2% which
had high validity indices (sensitivity of 80.0% and specificity of 80.8%) and fair
reliability index (kappa statistic 0.388 and Proportion of agreement of 80.8% ). While
an identifying pre-diabetes, it was not significant at 0.01 level (p=0.137). However, for
identifying ABG, it also had poor accuracy when defined by AUC (0.699, p < 0.001),
the optimal cut-off point was 6.5% which had low validity index (sensitivity of 68.8%
and specificity of 55.4%) and fair reliability index (kappa statistic 0.216 and
Proportion of agreement of 60.1% ).

For identifying diabetes with FCBG (data not shown in table 4.4), it had
good accuracy when defined by AUC (0.763, p < 0.001), at cut-off point 126 mg%, it
had moderate validity indices (sensitivity of 60.0%, specificity of 79.0%) and fair
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reliability indices (kappa statistic 0.279 and proportion of agreement of 76.9%). For an
identifying pre-diabetes, it also had poor accuracy when defined by AUC( 0.627, p <
0.001), at cut-off point 100 mg%, it had it had low validity indices (sensitivity of
41.7%, specificity of 75.0%) and low reliability indices (kappa statistic 0.157 and
proportion of agreement of 66.8%). And for identifying ABG, it had good accuracy
when defined by AUC (0.717, p < 0.001), at the cut-off point 100 mg%, it had
moderate validity indices (sensitivity of 50.0%, specificity of 82.2%) and fair
reliability indices ( kappa statistic 0.335 and proportion of agreement of 70.9%).
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Table 4.7  Comparison of the performance of OGTT, FPG and HbAlc
for NDD, Pre-diabetes and ABG diagnosis

proportion
Items cut off | Abnormal Detection of
oint Agreement
P %g AUC p-value
0 =
n e p-value (kappa stat)
NDD
OGTT
('gold standard test) | - ~ | 980
criteria diagnosis 4l 93 | p<0.001 (0.890) 0936
>=200 mg%
FPG 126 mg% « | 93.0 - e
19 | 4.3 |p<0.001 (0.521) 0.801 p=0.0114
HbAlc 6.5% 10. ~ | 56.4 p=0.0306*
4 |, | p<0.001 (0.169) 0.861 D=0.2072%*
HbAlc 7.2% 80.8 p=0.0306**
*
40 | 9.1 |p<0.001* | g0 0.861 D=0.20727+*
Pre-diabetes |
OGTT
('gold standard test) - 68.4
criteria diagnosis * -
S=140 mgb% and 60 13.6 | p<0.001 (0.429) 0.715
<200 mg%
FPG 100 mg % 86.2 _ o
58 132 | 1 c0001% 0.477) 0.744 p=0.5046
HbAlc 5.7% s P 33.3 p<0.0001*
99 22.4 | p=0.102 (0.033) 0.560 D<0,00014+*
ABG |
OGTT
(‘gold standard test) . 86.9
criteria diagnosis 100 [ 227 | p<0.001 (0.687) 0.850
>=140 mg%
FPG 100 mg% . 69.6 _ x
87 19.7 | p<0.001 (0.623) 0.822 p=0.4396
HbAlc 5.7% 0 e 434 p<0.0001*
144 | 32.7 | p=0.003 (0.073) 0.699 D=0.0006%**
Remark *Risk difference of the identifying diabetes, pre-diabetes and Abnormal Blood Glucose
which were significant at 0.01 level.
**Risk difference of the AUC among AUC of OGTT, FPG and HbAlc which were
significant at 0.01 level.
***Risk difference of the AUC between AUC of FPG and HbAlc which were significant at
0.01 level. ( AUC=Area Under Curve of Receiver Operating Characteristics (ROC) curve )
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Comparison ROC area of OGT2h, FPG and A1C for Diabetes diagnosis .

Sensitivity
0.50 0.75 1.00

0.25

0.00

0.00 0.25 0.75 1.00

0.50
1-Specificity

—®— 0OGT2h ROC area: 0.9363 —®— A1CROC area: 0.8609
—®— FPG ROC area: 0.8007 Reference
*no significant difference ROC area of OGT2h vs FPG and A1C at 0.01 level (p=0.0230)

Figure 4.1 Comparison AUC between OGTT, FPG and HbA1c for NDD

Comparison ROC area of 0GT2h, FPG and A1Cfor Pre-diabetes diagnosis .

Sensitivity
0.50 0.75 1.00

0.25

0.00

0.00 0.25 0.75 1.00

0.50
1-Specificity

—®— 0OGT2h ROC area: 0.7149 —®— FPG ROC area: 0.7437
—®— A1CROC area: 0.56 Reference

*no significant difference ROCarea of FPG vs OGT2h (p=0.5046), significant difference A1C vs FPG (p<0.0001) & A1C vs 0GT2h (p<0.0001)

Figure 4.2 Comparison AUC between OGTT, FPG and HbA1c for Pre-diabetes

Comparison ROC area of OGT2h, FPG and A1C for ABG diagnosis .

Sensitivity
0.50 0.75 1.00

0.25

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

—®— 0GT2h ROC area: 0.8495 —®— FPG ROC area: 0.8217
—®— ATCROC area: 0.6987

*no significant difference ROC area of FPG vs OGT2h (p-0.4396), significant difference A1C vs FPG (p-0.0006) & A1C vs OGT2h (p<0.0001)

Figure 4.3 Comparison AUC between OGTT, FPG and HbAlc for ABG

Reference
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4.8 Comparison of the performance of FPG, FCBG and RCBG

Items cut off | Abnormal Detection
point
n % p value
NDD
FPG
('gold standard test)
criteria  diagnosis 19 43 | p<0.001*
>=126 mg%
FCBG 126
mg% 21 4.8 | p<0.001*
RCBG 133
mg% 30 6.8 | p<0.001*
Pre-diabetes
FPG
('gold standard test) 13
criteria  diagnosis 58 : -
>=100 mg% and : D
<126 mg%
FCBG 100 10.
=0.001*
ma% 45 3 p
RCBG 106 15
mg% 67 5 | p=0.228*
ABG
FPG
('gold standard test) 19.
criteria  diagnosis 87 7 p<0.001*
>=100 mg%
FCBG 100 17.
mg% 77 5 p<0.001*
RCBG 117 18. -
mg% 81 2 p<0.001

proportion
of
Agreement
%

(kappa
stat)

93.0
(0.521)

905
(0.449)

76.9
(0.253)

86.2
(0.477)

66.8
(0.157)

488
(0.046)

86.9
(0.687)

70.9
(0.335)

60.6
(0.166)

AUC p-value

0.801

0.763 p=0.439%*
p=0.133**

0.717 D=0,206%*

0.744

0.627 p=0.0009**
p< 0.001**

0.541 D=0.0204%**

0.822

0.717 p=0.0008**
p< 0.001**

0.623 D=0.004%%*

Blood Glucose which were significant at 0.01 level.
**Risk difference of the AUC among AUC of FPG, FCBG and RCBG

which were significant at 0.01 level.

Remark *Risk difference of the identifying diabetes, pre-diabetes and Abnormal
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Comparison ROC area of RCBG and FCBG for Diabetes diagnosis .

Sensitivity
0.50 0.75 1.00
1 1 1

0.25
1

T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

—®— RCBG ROC area: 0.7168 —®— FCBG ROC area: 0.7627
Reference

*no significant difference ROC area of RCBG vs FCBG at 0.01 level (p=0.2961)

Figure 4.4 Comparison AUC between FCBG and RCBG for NDD

Comparison ROC area of RCBG and FCBG for Pre-diabetes diagnosis .

1.00

0.75

FCBG

Sensitivity
0.50

RCBG

0.25

0.00

0.00 0.25 0.75 1.00

0.50
1-Specificity

—®— RCBG ROC area: 0.5406 —®— FCBG ROC area: 0.6267
Reference

*no significant difference ROC area of RCBG vs FCBG at 0.01 level (p=0.0204)

Figure 4.5 Comparison AUC between FCBG and RCBG for Pre-diabetes

Comparison ROC area of RCBG and FCBG for ABG diagnosis .

1.00

0.75

FCBG

Sensitivity
0.50

0.25

0.00

e
o
o

T T T T
0.25 0.50 0.75 1.00
1-Specificity

—®— RCBG ROC area: 0.6229 —®—— FCBG ROC area: 0.7172
Reference

*significant difference ROC area of RCBG vs FCBG at 0.01 level (p=0.0036)

Figure 4.6 Comparison AUC between FCBG and RCBG for ABG
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- Comparison of the performance among OGTT, FPG and HbAlc

Based-on using OGTT had been a gold standard test for diabetes
diagnosis, then comparison of performance among OGTT, FPG and HbAlc ( Table
4.5) .For identifying diabetes, there were excellent accuracy when defined by AUC (
OGTT of 0.936, FPG of 0.801 and HbAlc of 0.861). The AUC of OGTT was not
different from FPG and HbAlc at 0.01 level (p=0.0114 and p=0.0306, respectively)
and the AUC of FPG was not different from HbAlc at 0.01 level (p=0.0272) (Figure
4.1).

For identifying pre-diabetes, there were good accuracy when defined by
AUC (OGTT of 0.715 and FPG of 0.744 ), but HbA1c was no significant at 0.01 level.
The AUC of OGTT was not different from FPG at 0.01 level ( p=0.5046 ) and the
AUC of HbAlc was different from OGTT and FPG at 0.01 level. (p<0.0001 both)
(Figure 4.2).

And for identifying ABG, there were excellent accuracy when defined by
AUC (OGTT of 0.850 and AUC of FPG of 0.822), but AUC of HbAlc was poor
accuracy (0.699). The AUC of OGTT was not different from FPG at 0.01 level
(p=0.4396) and the AUC of HbAlc was different from OGTT and FPG at 0.01 level.
(p<0.0001 and p=0.0006, respectively) (Figure 4.3).

- Comparison of the performance among FPG, FCBG and RCBG

Based-on using FPG had been a gold standard test for diabetes diagnosis,
then comparison of performance among FPG,FCBG and RCBG ( Table 4.6 ).For
identifying diabetes, there were good accuracy when defined by AUC ( FCBG of
0.763 and AUC of RCBG of 0.717), while AUC of FPG was excellent accuracy (
0.801). The AUC of FPG was not different from FCBG and RCBG at 0.01 level
(p=0.439 and p=0.133, respectively) and the AUC of FCBG was not different from
RCBG at 0.01 level. (p=0.296) (Figure 4.4).

For identifying pre-diabetes, AUC of FPG was good accuracy (0.744),
AUC of FCBG was poor accuracy ( 0.627), but RCBG was no significant at 0.01
level.The AUC of FPG was different from FCBG and RCBG at 0.01 level (p=0.0009
and p <0.0001, respectively). While the AUC of FCBG was no different from RCBG
and FPG at 0.01 level, but they were different at 0.05 level (p=0.0204) (Figure 4.5).
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And for identifying ABG, AUC of FPG was excellent accuracy ( 0.822),
AUC of FCBG was good accuracy (0.717), whereas AUC of RCBG was poor
accuracy (0.623). The AUC of FPG was different from FCBG and RCBG at 0.01
level (p=0.0008 and p <0.0001, respectively) and the AUC of FCBG was different
from RCBG at 0.01 level (p=0.004) (Figure 4.6).
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Table 4.9 performance of the serial combination test TDRS, RCBG & HbAlc and
TDRS, FCBG & FPG for NDD, Pre-diabetes and ABG diagnosis

Abnormal proportion
Items Detection Sens Spec PPV NPV | of p value
N % % % % Agreement
%
n % (kappa stat)

NDD | | L
TDRS>=6 and 439 838 .
RCBG >=135 mg% 22 | 50 | 449 88.7 383 | 928 | (g7 p<0.001
TDRS >=6 and | 439 89.3
RCBG>=135 mg% 19 43 38.0 95.9 54.3 92.3 © '390) p<0.001*
and HbAlc >=7.2% "
TDRS >=6 and 440 90.5 *
FCBG>=126 mg% 21 | 48 | 420 96.7 618 | 929 | ) p<0.001
TDRS >=6 and 440 91.1
FCBG >=126 mg% 11 |25 22.0 100.0 100.0 | 90.9 0 '333 p<0.001*
and FPG >=126 mg% (0.333)
Pre-diabetes
TDRS >=6 and 439 67.2 _
RCBG >=110-134 mg% 17 | 39 | 157 84.0 243 | 753 | (5003 p=0.947
TDRS>=6 and 439
RCBG >=110 -134 mg% 72.9 _
and HbATE>—6 & 2o 5 11 | 46 95.2 238 | 754 | 016 p=0.931
TDRS>=6 and | 440 71.8 _
TDRS >=6 and 440
FCBG >=100-125 mg% 76.4
and FPG >=100 10 | 23 9.3 98.2 62.5 76.9 © '105) p=0.001*
and < 126 mg% '
ABG
TDRS>=6 and | 439 62.4 _ *
RCBG>=110 mg% 62 | 141 403 | 74.4 459 | 697 | 075y p=0.002
TDRS >=6 and | 439
RCBG>=110 mg% and 68.5 N
HbALC >=6.5 % 52 11.8 | 338 87.4 59.1 70.9 (0.234) p<0.001
TDRS>=6 and | 440 70.9
FCBG>=100mg% 53 120 | 344 90.6 66.3 71.9 © é81) p<0.001*
TDRS >=6 and | 440
FCBG>=100mg% 47 | 107 | 305 99.7 079 | 727 | 133 <0.001*
and FPG >=100 mg% i e ' ' | o3z | P

Remark *Risk difference of the identifying diabetes, pre-diabetes and Abnormal Blood Glucose which were
significant at 0.01 level.
('sens.=sensitivity, spec.=specificity, PPVV=Positive Predictive Value and NPVV=Negative Predictive Value)
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Comparison ROC area of A1C, RCBG and TDRS for diabetes diagnosis .

Sensitivity
0.50 0.75 1.00

0.25

0.00

T T T T
0.00 0.25 0.75 1.00

0.50
1-Specificity

—&— A1C ROC area: 0.8611 —=®—— RCBG ROC area: 0.7166
—®— TDRS ROC area: 0.6847 Reference

*significant difference ROC area of A1C vs RCBG and TDRS at 0.01 level (p=0.0001),but RCBG vs TORS no significant difference ( p=0.6179)

Figure 4.7 Comparison AUC among TDRS,RCBG & HbA1c for NDD

Comparison ROC area of A1C, RCBG and TDRS for Pre-diabetes diagnosis .

Sensitivity
0.50 0.75 1.00

0.25

DRS
RCBG

0.00

0.00 0.25 0.75: 1.00

0.50
1-Specificity

—®— AI1CROC area: 0.5603 —®— RCBG ROC area: 0.54
—®— TDRS ROC area: 0.5403 Reference
*no significant difference ROC area of A1C vs RCBG and TDRS at 0.01 level (p=0.8264 )

Figure 4.8 Comparison AUC among TDRS,RCBG & HbA1c for Pre-diabetes

Comparison ROC area of A1C, RCBG and TDRS for ABG diagnosis .

0.75 1.00

Sensitivity
0.50

RCBG
DRS

0.25

0.00

=
=
=]

T T T
0.25 0.50 0.75 1.00
1-Specificity

—®— A1C ROC area: 0.6994 —®— RCBG ROC area: 0.6224
—®— TDRS ROC area: 0.614 Reference
*no significant difference ROC area of A1C vs RCBG and TDRS at 0.01 level (p=0.0177)

Figure 4.9 Comparison AUC among TDRS,RCBG & HbA1c for ABG
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Comparison ROC area of FPG, FCBG and TORS for Diabetes diagnoss .

Sensitivity
0.50 0.75 1.00

0.25

o
(==
S M T T T T
0.00 0.25 0.50 . 0.75 1.00
1-Specificity
—®— FPG ROC area: 0.801 * FCBG ROC area: 0.7628
* TORS ROC area: 0.6836 Reference

*no significant difference ROC area of FPG vs RCBG and TORS at 0.01 level (p=0.0757)

Figure 4.10 Comparison AUC among TDRS, FCBG & FPG for NDD

Comparison ROC area of FPG, FCBG and TDRS for Pre-diabetes diagnosis .
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1-Specificity

—&— FPG ROC area: 0.7442 —&— FCBG ROC area: 0.6268
—®— TDRS ROC area: 0.5384 Reference
*significant difference ROC area of FPG vs RCBG and TDRS at 0.01 level (p<0.0001)

Figure 4.11 Comparison AUC among TDRS, FCBG & FPG for Pre-diabetes

Comparisen ROC area of FPG, FCBG and TDRS for ABG diagnosis .
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—®— FPG ROC area: 0.8226 —®— FCBG ROC area: 0.7173
—®— TDRS ROC area: 0.612 Reference
*significant difference ROC area(AUC) of FPG vs FCBG and TDRS at 0.01 level (p<0.0001)

Figure 4.12 Comparison AUC among TDRS, FCBG & FPG for ABG
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4.4 Comparison of the performance between convenient program and

conventional program

Table 4.8 shows the results of combination test TDRS, RCBG & HbAlc
and TDRS, FCBG & FPG for diabetes diagnosed classification which describe as
follows.

- The performance of the convenient diabetes screening program (
TDRS, RCBG & HbA1c)

The results of TDRS with RCBG for identifying diabetes which TDRS >=
6 points and RCBG at cut-off point 135 mg%, it had low sensitivity (44.9%) but it had
high specificity (88.7%), the reliability index was low kappa statistic (0.287) but
proportion of agreement was so high ( 83.8%). When both tests had been positive then
an HbAlc should be done for confirming a diagnosis with HbAlc cut-off point 7.2%,
this program had lower sensitivity ( 38.0%) than TDRS with RCBG, while it had
higher specificity (95.9%), the reliability indices were increasing both kappa statistic
(0.390) and proportion of agreement ( 89.3%).

In terms of identifying pre-diabetes by TDRS with RCBG & HbAlc which
TDRS >= 6 points, RCBG at rage of 110-135 mg% and HbAlc at rage 6.5-7.1%, it
was not significant for pre-diabetes diagnosis ( p= 0.931). However, for identifying
ABG which TDRS >= 6 points and RCBG at rage of >=110 mg%, it had low both
sensitivity (40.3%) and specificity (74.4%), the reliability indices were low both kappa
statistic ( 0.151) and proportion of agreement ( 62.4%). When both tests had been
positive then an HbAlc should be done for confirming a diagnosis with HbAlc cut-off
point 6.5%, it had low sensitivity ( 33.1%) but it had so high specificity (87.4%), the
reliability indices were fair kappa statistic (0.234) but low proportion of agreement (
68.3%).

- The performance of the conventional diabetes screening program
(TDRS, FCBG & FPG)

The results of TDRS with FCBG for identifying diabetes which TDRS >=
6 points and FCBG at cut-off point 126 mg%, it had low sensitivity (42.0%) but it had
high specificity ( 97.6%), the reliability index was moderate kappa statistic (0.449)
and high proportion of agreement (90.5%) (p < 0.001). When both tests had been
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positive then FPG should be done for confirming a diagnosis with FPG cut-off point
126 mg%, it had lower sensitivity (22.0%) than TDRS with FCBG, while it had higher
specificity (100%), the reliability indices were lower kappa statistic 0.333 but higher
proportion of agreement ( 91.1%).

In terms of identifying pre-diabetes by TDRS with FCBG & FPG (table
4.8) which TDRS >= 6 points, FCBG at rage of 100-125 mg%, it had very low
sensitivity (17.6%) but it had so high specificity (89.5%), the reliability indices were
very low kappa statistic (0.085) but moderate proportion of agreement (71.8%). When
both tests had been positive then FPG should be done for confirming a diagnosis with
FPG at rage of 100-125mg%, it had very low sensitivity (9.3%) but it had very high
specificity (98.2%), the reliability indices were low kappa statistic (0.1050) and
moderate proportion of agreement ( 76.4%).

As similar as diabetes diagnosed, the results of identifying ABG which
TDRS >= 6 points and FCBG cut-off point >=100 mg% had low sensitivity (34.4%)
but it had high specificity ( 90.6%), the reliability indices were fair kappa statistic
(0.281) and moderate proportion of agreement (70.9%). When both tests had been
positive then FPG should be done for confirming a diagnosis with FPG cut-off point
100 mg%, it had low sensitivity (30.5%) but it had very high specificity (99.7%), the
reliability indices were fair kappa statistic (0.357) and it had moderate proportion of
agreement (75.5%).

- Comparison of effectiveness between convenient program and
conventional program

Convenient program had participants about 439 persons. They were TDRS
>=6 point about 248 persons to be taken RCBG test, of 66 persons had RCBG >=135
mg% which should be taken HbAlc test for confirmation NDD by the HbAlc cut-off
point 7.2% and about 19 persons need to confirm by gold standard diabetes diagnosis,
they were false positive about 16 persons and false negative 31person. The material
cost for using in this study were a capillary blood glucose test about 10 baht per one
time of testing, the HbAlc about 130 baht per one time of testing, so the total material
cost of this program was about 11,060 baht ( 44.60 baht baht per head of this program)
and it had the total material cost 582.11 baht per one NDD detection.
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Conventional program had participants about 439 persons. They were
TDRS >=6 point about 248 person, of 34 persons had FCBG >=126 mg% which
should be taken FPG test for confirmation NDD by the HbAlc cut-off point 126
mg%% and about 11 persons need to confirm by gold standard diabetes diagnosis,
they were false positive about 11 persons and false negative 39person.The material
cost for using in this study were a capillary blood glucose test about 10 baht per one
time of testing, the FPG about 20 per one time of testing, so the total material cost of
this program was about 3,160 baht ( 12.74 baht baht per head of this program) and it
had the total material cost 287.27 baht per one NDD detection.
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CHAPTER V
DISCUSSION

This study was conducted in diabetes screening program. Of 441 persons
participated in this study which had the prevalence of pre-diabetes of 22.2% and the
incidence of diabetes of 11.3%, they were higher than a Thai National Health survey
in 1996 and 2009 (4, 5). So, the high prevalence of abnormal detection might be high
positive predictive value (17).

The study aimed to determine performance of diabetes screening tests and
compared performance between the convenient program and conventional
program.There were two step of this study, the first step of this study about
determining cut-off point to diabetes diagnosis of each test, then next step the diabetes
screening program had been setting by consideration of the performance indicator of
each test (81). So the selection of TDRS, RCBG and HbAlc cut-off point was
important for program setting, the performance of this program should be discussion

as follows.

5.1 The performance of TDRS, RCBG and HbAc tests

- Newly Diagnosed Diabetes

Reviewing previous studies for diabetes diagnosis in different populations
had reported on the performance of the TDRS which had moderate to high sensitivity
(sensitivities ranging from 77-87%), but it had low to moderate specificity and low
PPV (specificities ranging from 35-72% and PPV ranging from 7-12% ) (17).In this
study for identifying NDD, it had TDRS optimal cut-off point of 9 point which had
low to moderate validity and reliability indices ( AUC of 0.684, sensitivity of 56.0%,
specificity of 71.0%, PPV of 56%, kappa statistic 0.151 and proportion of agreement

of 69.4%), this cut-off point was correlation with Thai Diabetes Screening Standard
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that had suggested using TDRS cut-off point at 9 points in Thai population (20).
Because of using TDRS at 6 points for NDD diagnosis had higher sensitivity (76.0%),
even if it had lower specificity (46.2%) than TDRS cut-off point at 9 point, this study
should be selected TDRS cut of point at 6 point, then the serial combination test with
RCBG before using HbAlc to confirmation diagnosis should be taken. Therefore the
selection of RCBG cut-off point for increasing a specificity of protocol should be very
important. Several previous study for diabetes diagnosis for diabetes diagnosis in
different populations had reported on the performance of the RCBG cut-off point of
104-144 mg% (sensitivities ranging from 63%-80% and specificities ranging from 80
- 95% )(16, 17). In this study had RCBG optimal cut-off point of 133 mg% which had
moderate accuracy index ( AUC of 0.717, specificity of 79.0%) but, it had low
sensitivity (60.0%). the U.S. Preventive Services Task Force had been suggestion of
RCBG cut-off point of 120 mg% (84).The previous study in Thai population that had
1 hour postprandial CBG cut-off point of 103 mg% (AUC of 0.69, specificity of
64.1% and sensitivity of 63.5%) (59), however the studying in Indian had RCBG cut-
off point of 140 mg% (sensitivity of 86.5% and specificity of 80.7%) (61). There was
a study in Egyptian had higher cut-off point in old aged group and postprandial time
before blood test which also had effect to validity of diabetes diagnosis of RCBG (60)
, thus be carefully used RCBG test as same as selected RCBG cut-off point
consideration. In this study, when compared the performance of different RCBG cut-
off point of 133 mg% or 135 mg% or 140 mg%, they were similar range of reliability
indices (proportion of agreement of 76.9, 77.7% and 79.8%, respectively and kappa
statistic of 0.279, 0.257 and 0.279, respectively), so in this case should be selected
RCBG cut-off point of 135 mg% because it had sensitivity as same as RCBG cut-off
point of 133 mg% and it had specificity as same as RCBG cut-off point of 140 mg%.
In studying of performance of HbAlc, several previous study in different
populations had reported on the performance of the HbAlc which had cut-off point of
5.6-6.3% ( sensitivities ranging from 35%-92%, specificities ranging from 79%-100%
and PPV ranging from 15-32%) (17). In this study had HbA1c optimal cut-off point of
7.2% which had good accuracy indices ( AUC of 0.861, sensitivity 80.0% and
specificity 80.8%), but this HbAlc cut-off point was higher than the recommendation
by ADA or WHO which had HbAlc cut-off point of 6.5%(22, 47) . This study also
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had HbA1c cut-off point higher than other studies in Asian had HbA1c cut-off point of
6.1-6.4% (AUC of 0.941-0.966, sensitivity of 62.8-86% and specificity of 79.0-
96.1%) (17, 66, 69, 70, 73). However, there was a study in Malaysian had RCBG cut-
off point of 7.0% (sensitivity of 82.0% and specificity of 91.0%) (77). Although in
Thai Standard Guideline for diabetes diagnosis was not recommend for using HbAlc
(20), but the study in Thai was done for standardisation of referral normal HbAlc
level was compared with IFCC which had referral normal of HbAlc were ranging
from 2.90-4.90% (79). In additional the study in Thai who residences in North-eastern
of Thailand, which had HbAlc cut-off point of 7% in diabetes screening protocol
with FCBG and HbAlc, it had sensitivity of 45.6%, specificity of 96.3% and PPV
58.5% , while the protocol with FCBG and FPG cut-off point of 126 mg% had
sensitivity of 81.4%, specificity of 97.8% and PPV of 71.4% (80). In this study had
been using HbA1c test in North-eastern part population of Thailand, which had high
prevalence of Thalassemia and Hemoglobinapathy so it might be effect to higher
HbAlc level. However, based-on data in this study, there were HbAlc cut-off point
7.2% that had validity index and reliability indices higher than HbAlc cut-off point of
6.5% except it had lower sensitivity than HbAlc cut-off point 6.5%, because of
confirmation test should be high specificity , PPV, kappa statistic and proportion of
agreement (81). So, this study should be using HbAlc cut-off point of 7.2% for

diabetes diagnosis.

- Pre-diabetes

In this study for identifying Pre-diabetes with TDRS, RCBG or HbAlc
were not significant. However, other previous studies had reported of questionnaire to
predict diabetes in the future (50, 53).Including a study in Thai for using TDRS cut-off
point of 6 point to predict diabetes (54). Therefore people who had TDRS >= 6 points
, they were a high risk diabetes group even they were normal blood test.

Reviewing study of using RCBG for identifying Pre-diabetes had RCBG
cut-off point of 119 mg% for IGT and cut-off point of 113 mg% for IFG (61). About
using HbA1lc for identifying Pre-diabetes even WHO was not acceptation for using
HbAlc (19) ,but ADA had been accepted for using HbAlc of 5.7-6.4% (2). In
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addition , they were several study had supported for using HbAlc to identifying Pre-
diabetes (69, 70, 73).

- ABG

In this study had TDRS cut-off point of 6 points, it had sensitivity of
66.9% and specificity of 49.3% which correlated with previous study in Thai ( cut-off
point of 6 points, sensitivity 77% and specificity 60% (54). About using RCBG for
identifying ABG had RCBG cut-off point of 110-120 mg%, sensitivity of 44-62% and
specific of 89-90% (61)(63),while in this study had ABG optimal cut-off point of 117
mg%, sensitivity of 52.6% and specific of 64.8%. In addition, when compared the
performance of different RCBG cut-off point of RCBG 110 mg% or RCBG 117 mg%
it had different performance (sensitivity of 60.1% vs. 52.6%, specificity of 52.2% vs.
64.8%, PPV of 40.4% vs. 44.5%, NPV of 71.1% vs. 71.8%, kappa statistic 0.115 vs.
0.166 and proportion of agreement of 55.2% vs. 60.6%, respectively), so based-on this
data that was suggested for using RCBG cut-off point of 110 mg% for identifying
ABG. About using HbA1lc for identifying ABG optimal cut-off point of 6.5% while
ADA had HbA1c cut-off point of 5.7-6.4% (2) ,including several previous studies that
had HbAlc cut-off point >=5.9 (68) or >=5.7% or 5.7-6.4% to predict diabetes in the
future (67, 75).

In summary, this study had been using TDRS cut-off point of 6 points for
selected high risk group then it was using the RCBG cut-off point of 110 mg% for
identifying ABG and it was using RCBG cut-off point of 135 mg% and HbA1c cut-off
point of 7.2% for identifying diabetes.

5.2. Performance of the combination of TDRS with RCBG
In study for identifying diabetes by using the serial combination of TDRS

and RCBG, there was a study in American which using a modified ADA questionnaire
and RCBG, it had RCBG cut-off point of 140 mg% (sensitivities 56-65% and
specificities 95-96%) (63) . While a study in Danish Anglo-Danish-Dutch had RCBG
cut-off point of 80 mg% (49) . And a study in Thai had RCBG cut-off point of 110
mg% ( sensitivity 43% and specificity 100% ) (64). All of that correlation with this
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study for performance of TDRS with RCBG had higher AUC and specificity than only
TDRS test but lower sensitivity. In this study had TDRS >=6 and RCBG cut-off point
of 135 mg% for identifying diabetes that had low sensitivity of 44.9% but high
specificity of 88.7% while TDRS of 6 point for NDD had high sensitivity of 76.0%
but low specificity 46.2%. For identifying ABG, it had TDRS >=6 points and RCBG
cut-off point of 110 mg% ( sensitivity of 40.3% and specificity of 74.4%), while only
TDRS cut-off point 6 points that had moderate sensitivity of 66.9% and low
specificity of 49.3%.

5.3. Comparison of performance between the convenient program

and the conventional program

This study had been using TDRS cut-off point of 6 points for selected high
risk group then it was using the RCBG cut-off point of 110 mg% for identifying ABG
and it was using RCBG cut-off point of 135 mg% and HbAlc cut-off point of 7.2%
for identifying diabetes. While the conventional had been using TDRS cut-off point of
6 points for selected high risk group then it was using the FCBG cut-off point of 100
mg% for identifying ABG and it was using FCBG cut-off point of 126 mg% and FPG
cut-off point of 126 mg% for identifying diabetes.

Although in this study for identifying NDD, it had TDRS optimal cut-off
point of 9 point which had low to moderate validity and reliability indices, because of
using TDRS at 6 points for NDD diagnosis had higher sensitivity than TDRS cut-off
point at 9 point, this study should be selected TDRS cut of point at 6 point, then the
serial combination test with RCBG before using HbAlc to confirmation diagnosis
should be taken.

In this study was compared Capillary Blood Glucose and Venous Plasma
Glucose by using Pearson correlation coefficient (r) between FCBG and FPG, it had
higher r value than r value between RCBG and 2-h OGTT (0.714 wvs. 0.475) this
finding was different a study in Indian which had r value RCBG and 2-h OGTT was
higher than r value between FCBG and FPG (0.897 vs. 0.681 ) (56). In addition
comparison between HbAlc and OGTT had r value of 0.601, while HbAlc and FPG
had r value of 0.576 as same as FPG and OGTT had r value of 0.515.
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For identifying abnormal by using FCBG was significant both diabetes
and pre-diabetes diagnosis, which correlated with other study (80).Comparison
performance of FCBG was as same as RCBG (17) which had agreed with this study,
exception for Pre-diabetes and ABG which performance of FCBG had better than
RCBG.

Comparison performance of the convenient program were as same as
conventional program, even if the combination of TDRS with RCBG and HbAlc had
higher sensitivity but it had lower sensitivity than the combination of TDRS with
FCBG and FPG. For identifying ABG by using the TDRS >= 6 points, RCBG >=110
mg% and HbAlc cut-off point 6.5% had low sensitivity of 33.1% but high specificity
87.4% (p<0.001). For identifying NDD by using the TDRS >= 6 points, RCBG >=135
mg% and HbAlc cut-off point 7.2% had low sensitivity of 38.0% but very high
specificity 95.9% (p<0.001). While the combination of TDRS with FCBG and FPG
for identifying ABG by using the TDRS >= 6 points, FCBG >=100 mg% and FPG
cut-off point 100 mg% had lower sensitivity of 30.5% but higher specificity 99.7%
(p<0.001) and for identifying NDD by using TDRS >= 6 points, FCBG >=126mg%
and FPG cut-off point 126mg% had very low sensitivity of 22.0% but very high
specificity of 100% (p<0.001).

Comparison of effectiveness of the diabetes screening program (Table
5.1), the convenient program had a total material cost per case of 44.60 baht and a
total material cost per one NDD case of 582.11 baht which higher than the
conventional program that had a total material cost per case of 12.74 baht and a total
material cost per one NDD case of 287.27 baht. Because of the convenient program
had detection rate of NDD more than conventional program, so the total material cost
per case ratio between convenient program and conventional program was 3.5 time,
while the total material cost per one NDD was around 2 time. However, the
conventional program had higher false positive and low sensitivity than convenient
program, it might be disadvantage because of some diabetes were missed diagnosis
therefore the diabetes complication involvement could be progressing. Although the
cost of HbALc test is so high but it may be cheaper in future when it is increase using
HbAlc test. Finally, the development of quality laboratory had to set standardization
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for HbAlc testing of all laboratory unit, it will be cost-effective for using HbAlc in

the low-moderate income country as Thailand.

Table 5.1 Comparison between performance of Convenient program and

Conventional program

Items Convenient Program Conventional Program
NDD higher  sensitivity, but | lower sensitivity, but higher specificity
lower specificity
Pre-DM | no significant for significant for
Pre-DM diagnosis Pre-DM diagnosis (high specificity , but
N low sensitivity
Validity
ABG higher  sensitivity, but | lower sensitivity, but higher specificity
lower specificity
NDD higher kappa statistic, but | lower kappa statistic, but higher
lower  proportion  of | proportion of agreement
agreement
Pre-DM | no significant for significant for
Pre-DM diagnosis Pre-DM diagnosis, but
o low kappa statistic
Reliability
ABG low kappa statistic, and | low kappa statistic, but higher proportion
lower  proportion  of | of agreement
agreement
Economy total material cost per case | lower
higher than 3.5 time and | total material cost per case and total
total material cost per one | material cost per one NDD case
NDD case higher than 2
time

Remark : NDD=Newly Diagnosed Diabetes, Pre-DM=Pre-diabetes and ABG=Abnormal Blood
Glucose
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5.4 Methodological concern

This study was designed by cross-sectional observation survey in
population age more than or equal 35 years of BanThaen district, Chaiyaphum
province. The aim of this study was determine the performance of the convenient
diabetes screening program ( TDRS, RCBG and HbAlc ) in sample group that
represent the population of Banthaen district, it had a multi-stage stratifies sampling
by random sampling primary care unit area, village and family but it was not
controlling other factors such as age, gender, BMI, WC etc. which might be effect the
prevalence of diabetes, then they should be effect the performance of the tests.So,
before applying this study to using this program should be careful. There were the
other methodological concern as follows.

- This study was sampling the sample for represent district area level, so it
should not be recommended for using prevalence of diabetes in sub-district level.

- Although this study had been a multi-stage stratifies sampling by random
sampling primary care unit area, village and family but the subject that volunteer in
each family were most woman and older. In addition most subjects in the same village
were most relation together.

- This study was done since January to February which it was harvest
season of farm, so the subject had more physical activity.

- The collection data of illness, previous pregnancy or postprandial time
before test were self reported by participants, it might be uncompleted data.

- The underlying of thalassemia or anemia might be effect to measure
HbAlc by the standard HPLC technique, but in this study had been using Boronate
affinity assay method that the thalassemia or anemia were few effected HbAlc
measurement.

- The examination of RCBG in this study was not controlling postprandial
time before test or food type eating before test, it might be effect of RCBG
measurement. The other concern, most subjects was examined RCBG at evening both
before or after dinner.

- The examination of OGTT should be take glucose syrup before blood

test. Because of a cold weather was effected to dissolve glucose and some person had
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nausea symptom, so they might be less than 75 g of glucose intake.In addition some
subjects had activity after glucose intake which might be effect OGTT level.

- The device for FPG and OGTT measurement had been stardization
maintenance and calibration, all subjects was used the same device. Although the
mobile glucometer device for RCB and FCBG test were the same supplier, each
primary care unit had 1-2 devices to operating by many personnel. The celebration of
all devices was done, and every personnel had been trained before starting this
research operation.

- This study had been limitation of comparison the performance of the two
program, because of the limitation of budget this study was design for determine the
performance of each program. The comparison of the significant different of the two
program should be using more than sample size.

- This study was a cross-sectional study which it had limitation to
determine outcomes in the future, the evaluation of the effectiveness cloud not be cost-
effectiveness. Therefore this study was using total material cost per case that it was

simply for operation.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The cross-sectional observation survey study was conducted at BanThaen
district in Chaiyaphum Province of Thailand.

Data were collected during January to February 2014, about 441 persons
who aged equal or more older than 35 years participated in the study.

In this study had the prevalence of pre-diabetes of 22.2% and the incidence
of diabetes of 11.3%.

The simple correlation among the tests was analysis by Pearson correlation
coefficient (r). The RCBG had significant correlation with each other test such as
FCBG (r=0.497, p<0.0001), FPG (r=0.477, p<0.0001), HbAlc (r=0.457, p<0.0001)
and 2h-OGTT (r=0.475, p<0.0001). The HbAlc had significant correlation with each
other test such as RCBG (r=0.457, p<0.0001), FCBG (r=0.542, p<0.0001), FPG
(r=0.576, p<0.0001) and 2h-OGTT (r=0.601, p<0.0001)

For identifying NDD, the RCBG optimal cut-off point of 133 mg%
(sensitivity 60.0%, specificity 79.0%, kappa statistic 0.279 and proportion of
agreement of 76.9% ) and it had AUC of 0.717 (p < 0.001). Although the identifying
pre-diabetes was not significant but for identifying ABG had RCBG cut-off point of
117 mg% ( sensitivity 52.6%, specificity 64.8%, kappa statistic 0.166 and proportion
of agreement of 60.6%) and AUC of 0.623 ( p <0.001).

The optimal cut-off point of HbAlc test for diabetes diagnosis had HbAlc
optimal cut-off point 7.2% (sensitivity 80.0%, specificity 80.8%, kappa statistic 0.388
and proportion of agreement of 80.8%) and AUC of 0.861 ( p < 0.001). Although the
identifying pre-diabetes was not significant, the identifying ABG had HbAlc optimal
cut-off point of 6.5% ( sensitivity 68.8%, specificity 55.4%, kappa statistic 0.216 and
proportion of agreement 60.1%) and AUC of 0.699 (p < 0.001).
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The serial combination test of TDRS with RCBG for identifying ABG
which using TDRS >= 6 points, RCBG cut-off point of 110 mg% had sensitivity of
40.3%, specificity of 74.4%, kappa statistic of 0.151 and proportion of agreement of
62.4% (p=0.002). For identifying NDD by using TDRS >= 6 points, RCBG cut-off
point of 135 mg% had sensitivity of 44.9%, specificity of 88.7%, kappa statistic
0.287 and proportion of agreement of 83.8%) (p<0.001).

The serial combination test of TDRS with RCBG and HbAlc for
identifying NDD TDRS >= 6 points, RCBG cut-off point of 135 mg% and HbAlc
cut-off point of 7.2% had sensitivity of 38.0%, specificity of 95.9%, kappa statistic
0.390 and proportion of agreement of 89.3%) (p<0.001). For identifying ABG TDRS
>= 6 points, RCBG cut-off point of 110 mg% and HbA1c cut-off point of 6.5% had
sensitivity of 33.1%, specificity of 87.4% kappa statistic 0.234 and proportion of
agreement of 68.5%) (p<0.001).

Comparison of AUC between the RCBG (0.717) and FCBG (0.763) for
identifying NDD, it was not significant at 0.01 level (p=0.296). For identifying pre-
diabetes, the FCBG AUC (0.627) was different from RCBG AUC (0.541) at 0.05 level
(p=0.0204). For identifying ABG, the FCBG AUC (0.717) was different from RCBG
AUC (0.623) at 0.01 level (p=0.004 ).

Comparison of AUC between the HbAlc (0.861 ) and FPG (0.801) for
identifying NDD, it was not significant at 0.01 level (p=0.207). For identifying pre-
diabetes, the FPG AUC (0.744) was different from HbAlc AUC (0.560) at 0.01 level
(p<0.001). For identifying ABG, the FPG AUC (0.822) was different from HbAlc
AUC (0.699) at 0.01 level (p=0.001).

The convenient program had a total material cost of 11,060 baht, a total
material cost per case of 44.60 baht and a total material cost per one NDD case of
582.11 baht, while the conventional program had a total material cost of 3,160 baht, a
total material cost per case of 12.74 baht and a total material cost per one NDD case of
287.27 baht. The total material cost per case ratio between convenient program and
conventional program was 3.5 time, while the total material cost per one NDD case

ratio was around 2 time.



Fac. of Grad. Studies, Mahidol Univ. M.P.H.M. /101

6.2 Recommendation

6.2.1. Recommendation for health care professional

Flow of diabetes screening guideline was set based on evidence of this
study, first the optimal cut-off points for identifying diabetes, pre-diabetes and ABG.
Then the next step, the diabetes screening program had been setting by consideration
of the performance indicator of each test and economy (81). The recommendation of
convenient diabetes screening program was set by using the TDRS cut-off point of 6
point to identify high risk group for diabetes progression, then in the population which
TDRS >= 6 points should be taken RCBG cut-off point of 110 mg% for identifying
ABG and if RCBG value had >=135 mg%, next step should be taken HbAlc cut-off
point of 7.2% for diabetes confirmation test. But , if RCBG value had be ranging from
110-134 mg%, next step should be taken the serial combination of FCBG for
screening and FPG for confirmation of pre-diabetes.The flow of diabetes screening

guideline was shown as Figure 6.1.
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Figure 6.1 Flow of Diabetes Screening Guideline.
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6.2.2. Recommendation for health policy makers

Because the advantage of this program is convenient for non-fasting blood
testing, it should be applying for diabetes screening program in remote area or in bed
ridden person or person who could not moved to health centre. On the other hand, this
convenient diabetes screening protocol should be using in opportunity diabetes
screening protocol even it was a community based proactive intervention.

Point of care device for HbAlc test shall be using for screening test or
monitoring instead of use for diabetes diagnosis, however it must be standardization of
laboratory in Thai population before nationwide using.

Lastly, for cost saving of diabetes screening program it can modify semi-
convenient program as TDRS, RCBG and FPG which had fasting period only the

confirmation test.

6.2.3. Recommendation for future research

The results of performance of this combination tests will be the important
information input for setting the selective group screening program of the proactive
community-based diabetic screening or the opportunistic screening in health center or
hospital.Because of no fasting period before the combination test was done, integrated
operational taking on one stop service providing is convenient for people to access and
simply for health staff operated their task force.

This study is a beginning of study in Thai population, the results of this
epidemiological study will be the basic information for the further prospective study to
deeper about performance of combination HbAlc test and RCBG test in Thai
population. And a study to evaluation using this combination test on pilot project or in
flied study for economic or cost-effectiveness, which should be further research in the

future.
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Research terms inform

Please pay attention and read this document carefully. If you have any question or
understand please don’t hesitate to ask researcher or coordinator.

Project name: proactive diabetes screening program achievement by using mark
calculated risk assessment method, randomize blood glucose checking and cumulative
glucose level in A1C type Hemoglobin (HBAlc) at Baanthaen area, Chaiyaphum
province, Thailand.

Researcher: Mr. Dusit Khamchiyaphum

Objectives: evaluate the diabetes screening programs e.g. questionnaire, randomize

blood glucose checking and cumulative glucose level in A1C type Hemoglobin

(HBAXIc) that overall outcomes are correct and accurate in real operation.

project, you should tell us about your personal data, daily life e.g. dietary, exercise,
chronic diseases and tobacco, alcohol usages. After that you will have an interview
and physical checking to estimate risks of diabetes, next step is blood checking for
diabetes diagnosis and in a few days ensure that you will know the result, in additional

prevention or cure advice.

Risks and_profits: In this research data important for considering to use in real

operation. The good point is no fasting before examine and cut the staff crew’s process
within good performance in overall outcomes. However some of the questions would
have anxious and uncomfortable to you, so you can reject that. In blood checking
process, it will have a slim chances to infect because of venipuncture cause breeding.
But it can be prevent easily by alcohol wipe in skin surface before venipuncture then

stop the bleeding by using cotton press it right there until the blood has stop. If you
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have any complication. You should see the Baanthaen hospital or community hospital
staff member as fast as possible.

Bannthaen hospital Tel.........coooiiiii

Compensation: diabetes prevention programs, some advices and physical examine
check book.

This research project have participants approximately 420 persons from 5 districts 14

village. All data gathered from 2013 December to 2014 February.

If you are participating in this research your personal information will keep in secret
and not publish. Anyway some data write as overall report. You have permission to
cancel or quit this project without notice to researcher. If you haven’t receive any
appProve, you can inform o .......ouuie i e e

Tel ... % . . fr7y. N ........ 0. 0N

I had understand all terms and agreement assign as participant
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Terms and agreement letter of consent participate in research

program

Writeat ...,

Personal information
Name: ........ ;3% ..., 0% e L

Age: ... .. .

| agreed to participate as recipient in research plan called
“Proactive diabetes screening program achievement by using mark calculated risk
assessment method, randomize blood glucose checking and cumulative glucose level
in ALC type Hemoglobin (HBAlc) at Baanthaen area, Chaiyaphum province,
Thailand”

I have clearly understand topic of research plan
« Source and target
« Briefly research information and process
» Profit and risk in term of research program

» Participated compensation

I can confirm that | have acknowledge all information about this research plan
and agree to participate if 1 have any question or problem, contact with researcher
advisor
L
Telo

(11 (0 | =
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If Occurrence is not same as criteria information above. Can be contact to

Please realize that have a three factors
» Utilities authority and right
» Expected benefit
* Risky situation
You can also cancel or resign from this research plan without condition. Although that
you agree with personal data overall usage, yet exposing or publication personal data
IS prohibit.

If you understand all term and agreement clearly please sign your name for

evidence for checking later.

Name .......... 5% ............. o ¥ Ao

CoOrdINALOL ..ot e e e e e e

Date
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Morakot Phatharapongsin Head of Internal Medicine Department of
Chaiyaphum Hospital

Wongduen Luecha Head of Nurse Department Chaiyaphum
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External Quality Assessment of SD Blood Glucose Monitoring System : BGMS
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External Quality Assessment of SD Blood Glucose Monitoring System : BGMS
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