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Summary
The study was undertaken to compare the effect of ADA and WHO criteria for
screening of diabetes mellitus (DM) and intermediate glucose abnormality (Impaired
fasting glucose/Impaired glucose tolerance-IFGIIGT) and to explore an acceptable
fasting cut-off in a population-based study. Ten suburb villages with a population of
11,895 were selected purposively. Of the total 6235 eligible (~ 20y) subjects, 4144
volunteered. We took height, weight, hip- and waist-girth, blood pressure and fasting
blood glucose (FBG). All participants were classified into Group-l (Gr-l: n=453) and
Group-2 (Gr-2: n=3691), based on FBG above and below 5.4 mmol/l, respectively. All
from Gr-l and 610 randomized subjects from Gr-2 were investigated for oral glucose
tolerance test (OGTT), HbAlc and lipids. The mean (SD) of age, body mass index
(BMI) and FBG of all participants was 37.6 (15.2) y, 19.4 (2.9), and 4.7 (0.9) mmolll,
respectively. The prevalence of diabetes and IFG/IGT using American Diabetes
Association (ADA) criteria were compared with WHO criteria separately in Gr-t
and Gr-2. For group-I, ADA criteria could diagnose 5.9% as diabetes and 2.1 % as
IFG, whereas, WHO criteria diagnosed 11.5% diabetes and 19% IGT. Likewise, in
Gr-2, ADA detected much less than WHO criteria (DM: 0.3 vs. 2.3%; IFGIIGT 1.0
vs. 14.6%). We compared fasting and 2 hours post-load glucose (2-hBG) values
according to percentiles. We found that 11.1 of 2-hBG corresponded with a fasting
value that lies between 90 to 95"'percentile, equivalent to 5.1-5.7 mmol/l. Using receiver
operating characteristics (ROC) curve, we determined the cut-offs 4.6 - 5.4 mmolll
for IFG and ~.5 for diabetes. Taking age and BMI into account the kappa agreements
were better between the estimated cut-offs and the given 2-hBG values. The ADA cut-
offs were found ineffective for screening. We proposed the modified fasting cut-offs
for screening IFG and diabetes among the non-obese population.

Introduction

ADArecommended FBG cut-offsI instead of
OGTf2-4. The recommended cut-offs were

6.0-6.9mmol/1 for IFG, equivalent to IGT,

and ~7 .Ommol/l for OM. Obviously, this is a
ilimple test and facilitates standardization and

epidemiological investigations. The introduc-
tion of FBG for diagnosis of diabetes and IFG
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necessitates the evaluation of the old data on

the prevalence of diabetes and IGT (or IFG)
and also re-classification of the patients
already diagnosed. So, there was much
concern on the effect of newly introduced
FBG. This led many investigators to look into
it. DECODE Study Group reported the

difference between the prevalence of diabetes
based on FBG and 2-hBG in 16 European
surveys5. They also reported that only 29%
of the diabetic subjects could satisfy both the
criteria among the diabetic population6. Thus,

in Europe the disagreement between the ADA
and WHO criteria was evident. In Asian

population too, several studies reported that
there was disagreement between these two
criteria across the populations. In India, a 2-
hBG of 11.1 mmol/I corresponded to a FBG
of 6.5 mmol/F.

Among the lean subjects (BMI ~22.4), the
cut-point 11.1 of 2-hBG corresponded well
to a cut-point of 5.1 mmol/I for FBGx. For
Singaporean adults, the fasting cut-off for
diabetes was determined at 5.7 mmol/lY.It

was found from twelve population-based
studies in Asia that the optimal FBG cut-offs
corresponding to 11.1mmol/l of 2-hBG
ranged from 5.7 to 6.2 mmol/I. All these
values were lower than the recommended

FBG of 7.0mmol/l. So, taking all those
estimates into account, this study addressed-
how much effective would be the ADA

criteria in a non-obese population of
Bangladesh and also to find out acceptable
fasting cut-offs for diabetes and for IFG.

Materials and Methods

We selected purposively 10 suburb villages
at a distance of 70 km from Dhaka City.The
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livelihood of the population primarily related
to agriculture or to some form of agrarian
activities. Very few of them have mixed
occupation like service or business in
addition to their main agrarian origin. A
population census was conducted for socio-
demographic information. The variables
were age, sex, education, occupation, annual
income, family size, religion and housing
condition. In addition, family history of
diabetes, coronary heart disease and stroke
was also collected. A questionnaire on tl1e
population census was finalized after a field
trial. All the collected census data of aU age
group were entered into a computer. From
this data set, the subjects were separated and
sorted into eligible list. All men and women
of age 20 years or more were considered
eligible.

The eligible participants were informed about

the objectives and procedural steps (Fig. I).

After providing consent, each indi vidual was

requested to attend a nearby investigation

spot with at least I2h fast. Measurements of

height, weight, and girth of waist and hip

were taken with light clothes and barefooted.

Blood pressure was measured after IDmin
rest. We used Hemocue Cuvettes for

measuring capillary fasting blood glucose

(FBG). Then, the participants were classified
into Gr-I with FBG ;:::5.4 mmol/I and Gr-2

FBG <5.4 mmol/l (Fig. I). The lower fasting

value (5.4 mmol/I) was chosen to maximize

the specificity of Gr-2. We invited all of Gr-

I for OGTT, total cholesterol, tryglycerides,
HDL-Chol and HbA Ic. For similar

investigation we invited 20% randomized
sample from Gr-2.
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Five ml of venous blood was taken for

estimation of fasting total cholesterol, HDL
cholesterol, and triglycerides (TG) using an
auto-analyzer Screen Master-3000 (B.S.
BiochemicalAnalyzer,Arezzo,Italy).For 2h-
OGTT we used Hemocue Cuvettes.

Using WHO criteria3 diabetes was diagnosed
when FBG ~7 .8mmol/l or 2-hBG s~ ILl

mmol/I and IGT when FBG <7.8 and 2-hBG
was 7.8 to 11.0mmol/l. Based on ADA

criteria (I), diabetes and IFG were diagnosed
when FBG ~7.0 and 6.1-6.9 mmol/I,

respecti vely.

Statistical analyses- The prevalence rates of
diabetes and IFG or IGT were estimated

using both ADA and WHO criteria in either

group (Gr-I & Gr-2) by simple percentages.
Both types of criteria were compared by
prevalence of diabetes and IFG/IGT

separately for Gr 1 & Gr 2. Student's t-test
compared the characteristics between the

groups. Agreement between prevalence of
diabetes and IFG/IGT estimated by ADA and
WHO was measured by kappa (k). Receiver

operating characteristics (ROC) curve was

plotted to determine the optimum cut-off

values of FBG for diabetes and IFG against
the defined values of 2-h BG with maximum

sensitivity and specificityl2. All statistical

analyses were carried out by SPSS+ package
(Version 10.05).

Results

The census yielded a total population of
11,895 in all age groups and the eligible
(~20y) subjects were 6235. Of them, 4144

(66.5%) volunteered for diabetes screening,
which included anthropometry, blood
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pressure and FBG. The male participants
were 1750 (42.2%) and the females were
2394 (57.8%). The characteristics of male

and female subjects did not differ

significantly with regard to BMI, blood
pressure and FBG. The mean (SD) values of

age, BMI and FBG of all participants were
37.6 (15.2) yr, 19.4 (2.9), and 4.7 (0..9) mmol/
I, respectively. Based on FBG, the crude
prevalence (n=4144) of diabetes was 0.9%
arid IFG was 1.7%.

According to study design and screening the
participants were categorized into Gr-I

(n=453) and Gr-2 (n=3707) (Fig. I). All
subjects from Gr-I (n=453) and 20%

randomized sample from Gr-2 (n=741) were

invited for OGTT, lipids and HbA Ic. The
response rates from Gr-I and Gr-2 were

96.5% and 82.3%, respectively. The two

groups were compared for biophysical
characteristics (Table-I). Though the obesity
indices (BMI, WHR) and lipids (HDL-

cholesterol, TG) did not differ significantly,
blood pressure, blood glucose and HbA Ic
were found significantly higher in Gr-I than

Gr-2. It may be noted that the proportion of

female to male (58.7 vs. 41.3%) participants
remained almost same as screening (57.8
vs.42.2%).

Following OGTT, the values for FBG and 2-

hBG were shown at 10th through 95th
percentiles (Fig.2). The distance between the

FBG and 2-hBG increased with increasing
percentile. This graph showed that II. I

mmol/l of 2-hBG corresponded a fasting
value somewhere between 90 to 95111

percentile (equivalent to 5.1-5.7 mmol/I). We

also plotted similar graphs for fasting and 2-
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Investigation procedure

Population census in 10 villages for socio-
demographic data (N = 11,895)

Subjects ~ 20 Y(n = 6235) were eligible for in vestigation

Fig. 1: Algorithm for inve$tigation: FBG-fasting blood glucose. OG1T-oral glucose tolerance tes!

Table-I: Comparison of characteristics between Group J (FBG ~.4mmol/l) and Group 2 (FBG
<5.4 mmolJl)

Participants investigated
N =4144

, ..

Gr-l: FBG 5.4mmoVl(n =453)
Gr-2: FBG< 5.4 mmol/l

Particioants-437
N =3707

1

.1 Random selection 20% (n=74l) I..J
Participants- 610

OGTT, Cholesterol, TG, HDL, HbAlc
N = 1047

Group I Group 2
Variables N =437 N =610

Mean:!: SD Mean:!: SD p

Age (y) 41.1 :!:15.0 37.1:!:13.3 .000

Body mass index 19.54:!:3.1 19.45:!:2.75 NS

Waist-to-hip ratio 0.850:!: 0.073 0.843 :!:0.068 NS

Waist-to-height ratio 0.446 :!:0.055 0.442:!: 0.0488 NS

Systolic BP (mmHg) 122 :!:22 119:!: 18 0.025

Diastolic BP (mmHg) 78:!: 13 77:!: II 0.038

Fasting blood glucose (mmol/I) 4.7:!: 1.9 4.1 :!:0.7 0.000
2-h Post-load Glucose (mmol/l) 7.7:!:4.0 6.3 :!:2.0 0.000

Total cholesterol (mg/dl) 123:!:40 128:!:46 0.05

Triglycerides (mg/dl) Ill:!: 89 III:!: 73 NS

HDL- cholesterol (mg/dl) 42.73 :!:9.94 42.85 :!:10.53 NS
HbAlc (%) 6.16:!: 1.26 5.90:!: 0.74 0.000

-
NS-not significant.
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hBG separately in Gr-I and Gr-2. The
increasing distance was more marked in Gr-
I (data not shown).

In either group, we got two rates of

prevalence - one based on fasting (ADA) and
the other based on 2-hBG (WHO). The

prevalence rates of diabetes and intermediate
glycemic abnormality (IFG/IGT) for Gr-l
and Gr-2 were compared separately (Fig.3 A
and B). For Gr-I, despite all the subjects

having screened FBG ~5.4, ADA criteria
could diagnose only 5.9% as diabetes and
2.1 % as IFG; whereas, WHO criteria detected

11.5% as diabetes and 19% as IGT. Although

no subject with diabetes or IFG was expected

in group-2 (all had FBG <5.4mmol/l), WHO
criteria could detect diabetes 2.3% and IGT

14.6%. whereas, ADA could detect only
0.3% diabetes and 1% IFG.

We plotted a ROC curve for the acceptable
cut-off for fasting against 2-hBG (Fig.3C).
The cut-off values of FBG against the given
2-hBG values were tested for an optimum
value with maximum specificity and
sensitivity. We modified by lowering fasting
cut-offs and determined 4.6 - 5.4mmol/l for
15

mmoUI
1-- -II-- FBG I

. 2-hBG
10

5

o Percentile

!D10 40
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IFG and ~5.5mmol/l for diabetes. Then, we

compared the performance of the modified
fasting blood glucose (MFBG) with the 2-
hBG values separately for Gr-I and Gr-2, and
also for the combined groups. For all, the
prevalence rates estimated by MFBG were
comparable with that of 2-hBG. We have
shown only the data for combined

participants (Fig. 3D).

We categorized the study population
(n= I047) into tertiles of age and BMI to
investigate whether there was any intluence
of age or obesity on the prevalence estimates
of MFBG (Table-II). It was observed that
the performance of the MFBG maintained
a close proximity to that 2-hBG, whereas,
very little concordance was found between
FBG and 2-hBG. Regarding agreement
between MFBG and 2-hBG, it was observed

that Kappa (k) coefficient was higher in the
younger and in the lean subjects; whereas.
the coefficient for agreement between FBG
and 2-hBG was found a little higher, though

not significant, in the top tertile of age and
BM!. Overall, the kappa coefficient favors
the agreement between MFBG and 2-hBG.

12.1.

ro 70 80 00 95

Fig. 2: The distance between values offasting and 2-hBG increased with increasing percentile. The
shaded area indicates the possible location offasting cut-offfor diabetes.

109



Bangladesh Med. Res. Coune. BuH

100%

75%

69.5

50%

WHO ADA

II. Gr-1, (n=437)ADA (FBG): IFG,6.1-6.9, DM ~7.0 mM;
WHO 12-hBG\: IGT.7.R-11.0. DM >11.1mmolfl

1.0

0.8

;:;.
.s:
~ 0.5
c
Q)

(jJ

0.3 t ROC Curve:
FPG values that correspond to 2hPG 7.8 and 11.

0.0

0.0 0.5 1.0

1-specificity

C. ROC curveshowedtheacceptablecutpointsofFBGfor
IFGand DMare4.6-5.4 and~5.5 mmol/l,respectively.

December 2004

100% .~-.-
I

1:1.~.:6r
l

/

-:'.:-/. .

98.7

83.1

75%

50%
WHO ADA

B. Gr-2, (n=610) ADA(FBG): IFG,6.1-6.9, DM ~7.0 mM;

WRO t2-hBG \: IGT. 7R -11.0. DM. >11.1mmoIA

100%

~1~.~~ ~

77.4 78.1

50%

0%

WHO WFBG

D. Contined groups (n=1045);Modified MFBG:IFG, 4.6 - 546; DM

~7.0 mM; WHO (2-hBG): IGT, 7.8 -11.0, DM, ~11.1mmol/l

Fig. 3: A- Comparison of prevalence of diabetes and intermediate glycemic abnormality o{ cr-!
with FBc;?5.4; B-The same comparison for cr-2 with FBc<5.4mmoUI; C-The ROC curve plotted
for FBG against 2-hBG; D-Prevalence of diabetes and IFG/IGT taking modified cut-qlf valueso{
FBG.
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ADA, American Diabetes Association; WHO, World Health Organization; MADA, modified FBO
(FBO: IFO 4.6-5.4; diabetes :2:5.5mmol/I)
Kappa - measurement of agreement between WHO and ADA (WHO/ADA) and between WHO and
MFBO (WHO/MFBO).

Discussion

This study was designed specially to compare
the two diagnostic criteria (WHO vs. ADA)
in a population-based study. A population
census was conducted and the eligible
subjects were chosen to have a representative
sample from those with and without elevated

blood glucose. The response rate of
pr.eliminary screening was 66.5%.
Subsequently, the response from Gr-I was
96.5% and Gr-2 was 82.3%. The participation
ratio of male to female in the initial screening
(42.2 vs. 57.8%%) was also well maintained

in the subsequent investigations (41.3 vs.
58.7%).

We tried to match the two groups for age and
obesity for comparison between the two

criteria. As the increased number of younger
subjects participated in Gr-2, this group was
found significantly younger. However, all

obesity indices (BMI, WHR) of both the

groups were comparable (Table-I). As
expected the glycemic indices (FBG, 2-hBG,
HbAlc) were significantly higher in group-

I. Thus, adjusted for obesity, we had the
opportunity to compare the two sets of
diagnostic values amongst the subjects with
and without hyperglycemia.

In this population based screening, the mean
FBG of 4144 participants was 4.69 mmol/I,
their median was 4.60 and mode was 4.70

mmol/I. Of them, 10% had fasting value :2:5.3
mmol/I and only 5% had :2:5.6mmoi/i. Such

a distribution ofFBG in the study population
indicates that those with FBG 25.6 mmol/l

are likely to lie beyond normal distribution.
We also demonstrated a population
distribution of both fasting and 2-hBG
according to percentiles (Fig.2). The graph

indicates that the distance between fasting

III
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Table-II: Prevalence (%) of IFG/ IGT and diabetes according to criteria of ADA, WHOand modified
fasting blood glucose (MFBG).

IFO / lOT (%) DM (%) Kappa (k)
ADA WHO MFBG ADA WHO MFBG WHO/ADA WHO/MFBG

Age Tertile n

Low 377 1.3 16.8 15.2 0.5 3.5 2.9 0.046 0.127
Mid 330 1.2 15.8 17.0 1.2 4.2 4.5 0.078 0.091

High 340 1.4 16.8 16.2 6.3 11.1 10.5 0.308, 0.303

BMI Tertile n

Low 347 0.6 16.2 14.2 0.6 5.5 3.5 0.022 0.133

Mid 349 0.6 13.2 14.1 2.0 3.4 4.0 0.154 0.189

High 351 2.8 19.9 19.7 5.4 9.4 10.3 0.273 0.223

All 1045 1.4 16.5 16.0 2.7 6.1 5.9 0.181 0.196



Bangladesh Med. Res. Coune. Bull

and 2-hBG of the corresponding percentile
increased with increasing percentiles. This
was shown in a combined group. But, in
separate estimates for Gr-I & -2 (data not
shown), we found the rate of increment, as

expected, was more marked amongst those
with hyperglycemia (Gr-1) than those

without (Gr-2). For example, at 90th
percentile in Gr-2, the values of fasting and
2-hBG were 4.9 and 8.6 mmol/l, whereas, in
Gr-I, the values were 5.5 and 11.8 mmol/],

respectively.

Considering all these, it seems that the fasting
values for both IFG and diabetes should be

somewhat lower than that recommended by
ADA and WHO, which are very much
consistent to other studies in Asian

popu]ations?II. Those studies also proposed
a lower fasting (ranging from 5.] to 6.2mmol/

I) for diabetes while taking 2-hBG ] 1.]mmol/
I as a gold standard. Now, the fundamental
issue to be addressed here - what should be

the gold standard for the Asians? If we are to
accept 2-hBG ] I.] as a gold standard for
diabetes then it is almost certain that the

fasting cut-off must be lowered. And a similar
consideration is expected for intermediate
glucose abnormality.

The lower fasting is acceptable for all Asian
studies1z.14,possibly, because oftheirleanness
or low BMI. For the Europeans, the fasting

criteria were applicable for the obese diabetic
subjects5.f,.According to their reports 45% of
the southern hemisphere islanders and 32%
of the Europeans had BMI ~ 30 kg/m.sq. In
contrast, we found that the mean (SO) BMI

was -19.5 (3.0) (Table-I), and only 5%

subjects had BMI ~24.6 kg/m.sq. Therefore,
it appears that the ADA fasting criteria are

Decemher 2004

acceptable for the Europeans and the

Americans with higher BMI. In this study
also, we found that kappa coefficients are
more agreeable between FBG and 2-hBG to
higher BMI and older age group (Table-II).
For the 'lean' Asian, the given fasting values
seemed to be not appropriate, and we need

to explore a new fasting, preferably one lower
than the recommended ones.

The abovediscussions favor the ADA fasting
criteria among the obese people. But, only

obesity does not explain the acceptability of

ADA fasting. Even in Europe, lower fasting
showed better agreement with 2-hBG in a
large population of Caucasian middle-aged
womenl5. Similar reports are also available
from Mexicoll1, Australial? and United
States IX.Taken all those into account we had

the impression that a substantial number of
studies favor a lower fasting though the
acceptable cut-offs differed across
populations.

In conclusion, this population-based study
determined cut-off values 4.6-5.4 for IFG
and ~5.5 for diabetes. This is the first time
the cut-off for IFG has been determined and

reported. We tested these cut-offs in various
ways and found acceptable so far. We need

more population-based studies to confirm our
findings for the accurate cut-offs of fasting.
We also need to maintain a regular follow-

up of each individual determined as IFG and
diabetes based on the modified fasting to
determine the sequel in future. For the least
developing population, we should appreciate

the fasting cut-off for its simplicity,
accessibility and acceptability for enhanced

detection of diabetes in the under-privileged
communities.
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