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OBJECTIVE — To evaluate 2-h plasma glucose (2HPG), fasting plasma glucose (FPG), gly-
cosylated hemoglobin (HbAt), a combination of FPG and HbAj (FPG-HbAi), and other factors
as screening tests for identifying high-risk subjects for a clinical trial of prevention of NIDDM and
to identify strategies to minimize the total number of oral glucose tolerance tests (OGTTs)
required to recruit eligible subjects to the trial.

RESEARCH DESIGN A N D METHODS— One thousand, one hundred and eight non-
diabetic Pima Indians aged 25-64 years were followed for up to 5 years, and factors predicting
NIDDM, defined by World Health Organization criteria (2HPG ^11.1 mmol/1), were assessed
using Cox's proportional hazards analysis. Various threshold values of FPG, HbA^ and FPG-
HbAj were determined, which, when combined with an OGTT, identified subjects with im-
paired glucose tolerance (IGT) (2HPG ^7.8 and <11.1 mmol/1) at a number of specified risks
for developing NIDDM in 5 years. The value of each of the three tests was then assessed by
calculating (for each threshold) the numbers to be screened, the numbers requiring an OGTT,
and the sample size of IGT subjects needed to detect a 33% reduction in NIDDM by an exper-
imental intervention at a power of 80%.

RESULTS — During a median of 4.3 years of follow-up, 91 (8.2%) of the 1,108 nondiabetic
subjects developed NIDDM. The estimated 5-year cumulative incidence rate was 13.5%. Each of
the variables, 2HPG, FPG, HbA^ FPG-HbAj, BMI, IGT, and systolic (sBP), diastolic (dBP), and
mean (MBP) blood pressures, predicted NIDDM (P < 0.05 for each) when controlled for age and
sex. In a stepwise proportional hazards analysis model, 2HPG and FPG-HbA1 (P < 0.001 for
each) were selected as the best set of predictors of NIDDM and of fasting hyperglycemia (FPG
>7.8 mmol/l).

CONCLUSIONS — A two-step strategy, in which high-risk individuals are first identified by
FPG or FPG-HbA! and then the OGTT is used to select subjects with IGT, requires fewer OGTTs
than when using 2HPG as the initial screening test without substantially increasing the numbers
that would need to be screened. Such a strategy also offers the advantage of reducing the
necessary sample size and is therefore an effective, efficient, and convenient method of identifying
eligible subjects for a clinical trial of prevention of NIDDM.

W hether or not prevention of
NIDDM is possible and feasible
is of considerable current inter-

est (1-3). Randomized clinical trials to
evaluate the efficacy of interventions de-
signed to delay or prevent onset of
NIDDM in individuals at high risk for the

disease have been proposed (1-3), and
such a study in people with impaired glu-
cose tolerance (IGT) is currently being
planned in the U.S. (4). Because of the
desire to have high statistical power with-
out including more subjects than neces-
sary, screening of subjects for entry into a

prevention trial should aim to exclude
those at low risk of developing the end-
point and identify as many as possible of
those at high risk. A suitable screening
strategy should possess the ability to iden-
tify high-risk subjects and at the same
time be quick, easy, safe, acceptable, and
practical to administer.

NIDDM is more common in some
ethnic groups than others (5-8) and is
particularly prevalent in Native Ameri-
cans (5,9,10). IGT, obesity, central fat dis-
tribution, parental diabetes, high fasting
and postload plasma glucose, and high
fasting insulin concentrations (11-15) are
established risk factors for the disease,
and hypertension and high total choles-
terol (16,17) have also been found to be
risk factors. These factors alone or in com-
bination offer potential means of identify-
ing subjects at high risk of NIDDM, and it
has been proposed that individuals with
IGT may be suitable candidates for a clin-
ical trial of diabetes prevention (3,4). Al-
though 2-h postload plasma glucose
(2HPG), fasting plasma glucose (FPG),
and glycated hemoglobin (HbAj) mea-
surements have been evaluated as screen-
ing and diagnostic tests (18-21), the abil-
ity of different risk factors and tests to
identify subjects for a clinical trial of dia-
betes prevention is a separate question. In
this study, 2HPG, FPG, HbA^ a combi-
nation of FPG and HbAL (FPC-HbA^,
and other factors for identifying preven-
tion trial participants were assessed in
1,108 Pima Indians aged 25-64 years
who initially were not diabetic and had
FPG <7.8 mmol/1 and 2HPG <11.1
mmol/1 (22), and strategies to minimize
the total number of oral glucose tolerance
tests (OGTTs) needed to select eligible
subjects with IGT were evaluated.
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RESEARCH DESIGN AND
METHODS— A population-based
prospective study of diabetes and its com-
plications has been conducted among the
Pima Indian residents of the Gila River
Indian Community in Arizona since
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1965. Approximately every 2 years, resi-
dents of the community who are at least 5
years old are asked, regardless of health,
to participate in a standardized medical
examination that includes a medical his-
tory, a physical examination, and labora-
tory tests. From 1982 to 1990, laboratory
tests performed at each examination in-
cluded measurement of HbAt and a mod-
ified OGTT with determination of the
plasma glucose concentration fasting and
2 h after ingestion of a 75-g carbohydrate
load. NIDDM is diagnosed if the 2HPG
measured at a research examination is
>11.1 mmol/1, and IGT is diagnosed if
2HPG is >7.8 and <11.1 mmol/1 (22).
HbA, was measured by electrophoresis
(23,24), and plasma glucose was mea-
sured by the potassium ferricyanide
method using an autoanalyzer (25).
Height and weight were measured with
the subject wearing light clothes and no
shoes. BM1, a measure of obesity, was cal-
culated as weight (in kilograms) divided
by height (in meters) squared (26). With
the subject supine, blood pressure was
measured with a large adult cuff and a
mercury sphygmomanometer. The first
and fourth Korotkoff sounds were used
for systolic (sBP) and diastolic (dBP)
blood pressures, respectively, and mean
blood pressure (MBP) was calculated as
1/3 sBP + 2/3 dBP. Parental diabetes was
assessed by examination of one or both
parents and was defined as NIDDM in at
least one parent.

Subjects were followed until the
diagnosis of diabetes or, if the subject did
not develop diabetes, until the last exam-
ination. Based on the assumption that an
NIDDM prevention trial will be designed
to evaluate an intervention over a period
of ~ 5 years (4), follow-up times were
truncated to 5 years, such that people re-
maining nondiabetic >5 years were given
5 years of nondiabetic follow-up and
those diagnosed after 5 years were consid-
ered nondiabetic with 5 years of follow-
up. Because individuals were not exam-
ined at precisely 5 years of follow-up this
may underestimate the cumulative inci-
dence that would occur during a 5-year
clinical trial. However, the strategy used
should provide a reasonable approxima-
tion of the 5-year cumulative incidence
for the purposes of comparing screening
tests. Baseline differences in risk factors
were assessed between individuals who
developed NIDDM (22) during follow-up
and those who did not. Continuous vari-

ables were compared by analysis of co-
variance. For categorical variables, multi-
ple logistic regression was used to control
for covariates (27). To control for variable
follow-up and other potentially con-
founding factors, Cox's proportional haz-
ards analysis (28) was used to assess fac-
tors predicting the incidence of NIDDM,
defined as 2HPG >11.1 mmol/1 (22) at a
research examination. Potential risk fac-
tors were examined for their abilities to
predict NIDDM. Variables were tested in-
dividually to identify those predictive of
diabetes, and all variables were also en-
tered in a stepwise model; the threshold
for selection was P < 0.05. Hazard rate
ratios and 95% CIs, controlled for age and
sex, were calculated by comparing the
75th with the 25th percentiles for contin-
uous variables and by comparing those
with and without IGT and parental diabe-
tes. To assess the combination of FPG and
HbA:, both of which can be determined
in blood from a single venepuncture, a
combined variable (FPG-HbAL) was cre-
ated from FPG and HbAx, weighted by the
values of their respective ^-coefficients
from a multiple logistic regression model,
which contained both variables, and with
NIDDM at follow-up as the dependent
variable (FPG - HbAi = - 0 . 8 5 +
1.009- FPG [mmol/1] + 0.37- HbAL

[%]). All variables entered in the models
were evaluated for linearity, proportion-
ality, and interactions with other predic-
tor variables (29). There were no signifi-
cant interactions between predictor
variables. All variables of interest satisfied
the assumption of linearity, as evaluated
by the likelihood ratio test comparing a
model containing the variable and its
square term with a reduced model with-
out the square term (30). The assumption
of proportionality was tested, as sug-
gested by Kalbfleisch and Prentice (31),
and all variables of interest satisfied this
condition.

Because proportional hazards
analysis does not allow for direct compar-
ison of correlated measurements, the ar-
eas under receiver operator characteristic
(ROC) curves were compared. The ROC
curve represents the properties of a test by
plotting the sensitivity as a function of
1-specificity. In a longitudinal analysis,
the area under the ROC curve represents
the probability of correctly distinguishing
between two subjects: one chosen at ran-
dom from those who did develop the out-
come of interest (NIDDM) by the end of

the follow-up and one from among those
who did not develop the outcome (32\
ROC curves were fit for 2HPG, FPG,
HbA^ and FPG-HbA, using the IABROC".
program (33), and the significance of dif-
ferences between areas was calculated
(34).

To evaluate a more stringent defi-
nition of diabetes than required by World
Health Organization (WHO) criteria for
epidemiological studies (22) and one that
does not require an OGTT, NIDDM was
alternatively defined as FPG ^ 7 . 8
mmol/1, and selected results from these
analyses are presented.

The necessary sample size may be
higher than desired if the subjects in the
trial have a disease risk equal to that of
subjects with IGT in the population at
large. The sample size can be decreased by
selecting subjects at higher risk within the
population; therefore, it may be desirable
to use tests to select a subpopulation of
subjects with IGT at higher risk. Through
an iterative process using proportional
hazards analysis, threshold values of FPG,
HbAlt and FPG-HbA, were determined
that identified subjects with IGT at risk
for developing NIDDM as close as possi-
ble to arbitrarily specified values (5-year
cumulative incidence of 37.5, 40.0, 42.5,
45.0, 47.5, 50.0, and 52.5%). The impli-
cations of a strategy wherein high-risk
subjects would first be identified by FPG,
HbA!, or FPG-HbA! (Fig. 1) were then
assessed. Assuming that a clinical trial will
recruit subjects with IGT (3,4) and given
a = 0.05, a minimum difference of 33%
in risk to be detected by an experimental
treatment, and a power (.1 — j3) of 80%,
the sample size of subjects needed for the
trial was computed (35) for each specified
threshold value of each of the three tests.
The numbers to be screened and the
numbers requiring OGTT were also cal-
culated, as described below (further de-
tails and an illustration of this calculation
are provided in the APPCNDIX).

If:
• Tis the specified threshold;
• PT is the proportion of individ-

uals in the general population with a value
>T;

• P (IGTIT) is the proportion of
individuals above T who have IGT;

• Ns is the number of individuals
who would need to be screened to iden-
tify subjects for an OGTT;

• N7 is the number of individuals
selected for OGTTs, including normogly-
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Subject selection for NIDDM prevention trial

Screen with
FPG, HbA1 or
FPG-HbA1

At or above
specified
threshold

Exclude

Exclude

Figure 1—A two-step strategy for selecting IGT subjects for a diabetes prevention trial.

cemic subjects (2HPG < 7.8 mmol/1) and
those with undiagnosed diabetes;

• N is the number of people to be
enrolled in each arm of the trial (which
also depends on T, which influences the
hazard rate of subjects selected);

Then:
• Ns = Nj/PT

• NT = 2N/P(IGTIT)

RESULTS— Of 1,108 subjects with
FPG <7.8 mmol/1 and 2HPG <11.1
mmol/l at baseline, 91 (8.2%) developed
NIDDM denned by WHO criteria (2HPG
S i 1.1 mmol/1) during a maximum fol-
low-up period of 5 years (median 4.3
years). The estimated 5-year cumulative
incidence rate was 13.5%. Table 1 pre-
sents the data at baseline in subjects who
developed NIDDM during follow-up and
those who did not. Controlled for sex, in-
dividuals who developed NIDDM within
5 years were significantly older (P <
0.001). Adjusted for age and sex, IGT
(P < 0.0001) and parental diabetes (P <
0.05) were each associated with diabetes,
and 2HPG, FPG, HbA^ FPG-HbA^ BMI
(P < 0.001 for each), sBP, dBP, and MBP
(P < 0.05 for each) were each higher
among subjects who developed diabetes
than among those who did not. In sepa-
rate proportional hazards analyses,
2HPG, FPG, HbA^ FPG-HbAi, IGT, BMI,
age, sBP, dBP, and MBP each predicted
NIDDM (P < 0.05 for each). Table 2
shows the hazard rate ratios and 95% CIs
generated from proportional hazards

analyses, comparing the 75th percentile
with the 25 th percentile for continuous
variables and, for IGT and parental diabe-
tes, comparing those with and those with-
out. Controlled for age and sex, 2HPG,
FPG, HbA1; FPG-HbAi, BMI, and IGT
each predicted NIDDM (2HPG >11.1
mmol/1) and also predicted fasting hyper-
glycemia (FPG ^7.8 mmol/1). Although
visual inspection of data suggested a qua-
dratic effect for 2HPG, FPG, HbAl5 and
FPG-HbA1, tests of nonlinearity were not

significant. Table 2, therefore, presents
results using the linear term for each vari-
able. Additional analyses, including
squared terms for each variable, con-
firmed that 2HPG, FPG, HbAl5 and FPG-
HbAx each significantly (P < 0.001 for
each) predicted NIDDM (not shown). In a
stepwise proportional hazards analysis
model to which age, sex, BMI, 2HPG,
FPG, HbA^ FPG-HbAi, IGT, total choles-
terol, parental diabetes, sBP, dBP, and
MBP were available, 2HPG and FPG-
HbAx (P < 0.001 for each) were selected
as the best set of predictors of NIDDM and
of fasting hyperglycemia (Table 2).

ROC curves for incidence of
NIDDM (defined as 2HPG > 11.1 mmol/1),
according to baseline 2HPG, FPG, HbA],
and FPG-HbAj, are shown in Fig. 2. The
area under the curve represents the de-
gree of association between the tests and
the development of NIDDM. The greater
the area, the greater the probability of cor-
rectly identifying those who will develop
NIDDM during follow-up. The fact that
all four curves are significantly above the
chance line reflects that each variable
alone (2HPG, FPG, HbAx, and FPG-
HbAx) predicted NIDDM. The curves also
show that 2HPG and FPG-HDAL have
similar sensitivities at thresholds of equal
specificity. However, 2HPG, FPG, and

bA! have higher sensitivities than
at thresholds of equal specificity.

The areas under the curve for 2HPG

Table 1—Age- and sex-adjusted characteristics of subjects at baseline according to 5-year
conversion status to diabetes (2HPG ^11.1 mmol/l)

n
Percent male
Percent with parental diabetes
Percent with IGT
Age
BMI (kg/m2)
HbA!(%)
2HPG (mmol/1)
FPG (mmol/1)
FBG-HbA!
Total cholesterol (mmol/1)
sBP (mmHg)
dBP (mmHg)
MBP (mmHg)

Did not develop
NIDDM

1,017
37 (34.0-37.0)
60 (57.5-62.5)
17 (15.7-18.3)
35 (34.4-35.6)
33.0 (32.5-33.5)

6.2(6.16-6.24)
6.4 (6.30-6.50)
5.4 (5.36-5.44)
8.8 (8.85-8.75)
4.5 (4.45-4.55)

115(114.2-115.8)
71 (70.4-71.6)
86 (85.4-86.6)

Developed NIDDM

91
36 (26.0-46.0)
66 (63.0-69.0)
67 (62.0-72.0)
39 (37.2-40.8)
37.8 (36.3-39.3)

6.7 (6.56-6.84)
8.1(7.90-8.30)
6.0(5.91-6.09)

10.1 (9.92-10.28)
4.5 (4.38-4.62)

119(116.3-121.7)
74 (72.0-76.0)
89 (87.0-91.0)

P value

0.903
0.038

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.784
0.017
0.030
0.013

Data are mean (95% CI) for continuous variables and percentage (95% CI) for categorical variables. Data for
percent male are not sex adjusted. Data for age are not age adjusted. FPG-HbA, = -0.85 + 1.009 • FPG
(mmol/1) + 0.37 • HbAL (%).
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Table 2—Proportional hazards analysis of 5-year risk of developing NIDDM

Proportional hazards models

Separate models controlled for age and sex
2HPG (mmol/1)
1;PG (mmol/1)
HbA, (%)
FPG-HbA,
BMI (kg/m;)
IGT
Parental diabetes

Stepwise model
2HPG (mmol/1)
ITG-HbA,

75th ,25th
percentiles

(7.8,
(5.8,
(6.7,
(9.5,
(37.4

(7.8,
(9.2,

5.4)
5.0)
5.7)
8.3)
, 27.8)

5.4)
8.3)

Hazard rate

NIDDM

6.1 (4.5-8.3)
2.4(2.1-2.7)
1.8(1.5-2.1)
3.8(3.1-4.7)
1.9(1.5-2.4)

11.3(6.9-18.3)
1.2 (0.8-1.9)

2.9 (1.9-4.5)
3.6(2.7-5.0)

ratio (95% CI)

Fasting
hyperglycemia

6.7 (4.5-10.0)
3.6 (3.0-4.4)
2.0(1.6-2.3)
5.6 (4.3-7.4)
2.1(1.6-2.7)

11.3(6.1-21.1)
1.4(0.8-2.4)

1.4(1.1-1.8)
2.5 (1.8-3.57)

I la^ard rate ratios are comparing 75th with 25th percentiles for all continuous variables and presence versus
absence for IGT and parental diabetes. Total subjects = 1,108. NIDDM (n = 91) is defined as 2HPG S I 1.1
mmol/1, and fasting hyperglycemia (n = 60) is defined as FPG ^7.8 mmol/1. FPG-HbA, =

0.85 + 1.009 • FPG (mmol/1) + 0.37 • HbA, (%). Age, sex, BMI, 2HPG, FPG, HbA,, FPG-HbA,, IGT,
total cholesterol, parental diabetes, sBP, dBP, and MBP were all available to the stepwise model.

(area ± SE, 0.84 ± 0.02), FPG (0.82 ±
0.02), and FPG-HbA, (0.84 ± 0.02) were
each significantly (P < 0.05 for each com-
parison) larger than that for HbA,
(0.78 ± 0.02), and the area under the
curve for FPG-HbA] was significantly
larger than that for FPG (P < 0.01). There
was, however, no significant difference
between the areas under the curve for
2HPG and FPG-HbA! or between the ar-
eas under the curve for 2HPG and FPG.

To illustrate how these findings
could be used for planning clinical trials,
assume that a diabetes prevention trial de-
signed to have a power of 80% (at a =
0.05) will enroll IGT subjects in equal
numbers to usual care and to an experi-
mental treatment aimed at reducing the
risk (5-year cumulative incidence) of dia-
betes, defined as 2HPG ^11.1 mmol/1, by
3.3%. If OGTTs were used as the initial
test to identify IGT subjects for the trial,
3,011 people would need to be screened
with an OGTT and the sample size re-
quired would be 460 (see APPENDIX). These
460 subjects would have a disease risk
equal to that of IGT subjects in the popu-
lation at large. The sample size may be
reduced without compromising the
power of the study by using a two-step
strategy (Fig. 1) where higher risk sub-
jects within the population are first iden-
tified by use of another test and then IGT
subjects are selected based on 2HPG. Fig-
ure 3 shows that by selecting subjects
above appropriate threshold levels of

HbA,, FPG, or FPG-HbA! subgroups at
higher risk can be identified, and as the
disease risk (5-year cumulative inci-
dence) of the chosen subpopulation in-
creases, the sample size required for the
trial would decrease. Furthermore, as

shown in Fig. 4B and illustrated in the
APPENDIX, the number of OGTTs required
to identify an appropriate sample of sub-
jects with IGT can be reduced by selecting
groups at higher risk based on FPCi,
HbA,, or FPG-HbA!. However, there was
a U-shaped relationship between the
thresholds of the tests and the number of
OGTTs required to obtain an adequate
sample size of subjects with IGT. This is
because the prevalence of diabetic sub-
jects who will be excluded from the trial
increases as subpopulations at higher
risks are selected. Although the sample
size and the number of OGTTs required
may be reduced by selecting groups at
higher risk, this will be at the cost of in-
creasing the number of people that will
need to be screened (shown in Fig. 4B and
illustrated in the APPENDIX). This is because
the percentage of screened subjects who
would require an OGTT decreases as the
threshold level of FPG, HbA,, or FPG-
HbA, increases (Fig. 4A). However, up to
a certain point, this increase in screening
burden is small relative to the savings in
the number of OGTTs required (F'ig. 4).
For example, the optimal threshold point
for FPG is -5 .9 mmol/1 (Fig. 4). The op-
timal threshold level for selecting high-

0
C
0

0.2 0.4 0.6

— CHANCE LINE

0.8

1-specificity
Figure 2—Comparison of 2HPG, FPC, HbA,, and FPG-HbA, as predictors of NIDDM within 5
years, using ROC analyses. FPG-HbA, = -0.85 + 1.009 • FPG (mmol/l) + 037 • HbA, ('A'.).
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250
HbA1 (%) 5.9

FPG (mM) 4.7

FPG-HbA 6.1

6.2

5.1

6.6

6.5

5.2

6.8

6.8

5.5

7.2

7.0

5.7

7.5

7.3

5.9

7.8

7.5

6.1

8.1

Figure 3—Diabetes risk (5-year cumulative incidence) and sample size of IGT subjects required.
Threshold levels of FPG, HbA,, and FPG-HbAl shown in the x-axis represent values that give the
stipulated cumulative incidence, and, therefore, the x-axis intervals correspond to equal increments in
cumulative incidence.

risk subjects varies by test, and FPG and
FPG-I IbAj both offer larger potential than
HbA, to reduce the number of OGTTs
without substantially increasing the num-
bers to be screened.

CONCLUSIONS— Identification of
subjects with IGT for clinical trials of di-
abetes prevention (3,4) requires measure-
ment of 2HPG. However, the OGTT is
costly, time-consuming, and inconve-
nient and may be particularly unattractive
for recruiting healthy volunteers. A strat-
egy that aims to reduce the number of
OGTTs may thus offer a better chance of
recruiting an adequate number of volun-
teers to a prevention trial. One way of
achieving this may be a two-step ap-
proach in which OGTTs are performed
only in high-risk subjects identified by
other criteria. Another advantage of such
a strategy in which subjects recruited to
the trial are at higher risk than the general
population is that for a given power, the
sample size needed for the trial may be
smaller.

FPG and HbAj can identify sub-
jects at high risk of developing NIDDM,
although not as well as 2HPG. Consistent
with a previous finding that glycated he-
moglobin was a predictor of diabetes in
the presence of IGT (36), it was found that
a combination of FPG and HbAj (FPG-
HbA,) was better than either test singly at

identifying suitable subjects for a preven-
tion trial. Samples for measurement of
FPG and HbA: can be obtained more eas-
ily and quickly than can samples for
2HPG, and they can be obtained with a
single venipuncture.

Up to a point, selection of subjects
for OGTTs based on specified thresholds
of FPG, HbAlt or FPG-HbA x can reduce
the number of OGTTs needed to recruit
the required number of subjects with IGT
without substantially increasing the num-
ber of people to be screened. This reduc-
tion in OGTTs is greatest at a certain
threshold level for each test. For example,
if FPG was used as the initial test, the op-
timal threshold level for Pima Indians
would be ~5.9 mmol/1. Further savings
in OGTTs may also be possible if subjects
with very high values of FPG or HbAx are
excluded because of their high likelihood
of having undiagnosed diabetes. The rel-
ative benefit of a two-step strategy in
terms of reducing the total number of
OGTTs may be higher in populations
with a low underlying risk of disease. The
use of FPG or a combination of FPG and
HbAx as the initial screening test generally
offers higher potential savings in OGTTs
than HbA: used singly. Measurement of
HbAi is more costly; therefore, on this
basis alone, FPG, used singly, may be pre-
ferred. On the other hand, because HbA:

can be measured in samples from nonfast-
ing subjects, it may offer an advantage in
some situations.

However, a two-step strategy also
has some disadvantages. It requires two
tests: an FPG or FPG-HbA! initially, fol-
lowed by an OGTT. If it is proposed to
complete these tests at the same visit, then
rapid estimation of FPG and HbA] will be
required. Alternatively, screening with
FPG, HbA!, or FPG-HbA] may be done at
the first visit and 2HPG at a second, but
the need for two visits may discourage po-
tential subjects. On the other hand, this
may be one way of identifying volunteers
who are sufficiently motivated to take part
in a trial that will require active subject
participation over many years. Another
disadvantage of the two-step strategy is
that some subjects with IGT are likely to
be excluded because their FPG, HbA,, or
FPG-HbAj values are below the selected
threshold level. This may be a problem if
the availability of eligible potential sub-
jects is a limitation. Generalizability of re-
sults of any clinical trial beyond types of
subjects meeting eligibility criteria is a
matter of judgment. Thus, the particular
strategy (whether it involves one or two
steps) used to select subjects at high risk
for a clinical trial of NIDDM prevention
must be considered in generalizing the
findings.

The suitability of any test depends
on its purpose. While selecting subjects
for a diabetes prevention trial, a test
should be able to select the subjects at
high risk and be quick, easy, safe, accept-
able, and practical to administer. The per-
fect test does not exist, and a compromise
is required. A further practical consider-
ation while designing a clinical trial will
be the number of individuals who would
need to be screened to obtain the propor-
tion of subjects developing the outcome
for detecting a specified reduction in risk
at a specified power. The choice of the
screening test will influence this number.

These findings are based on data
from the Pima Indians, a population with
a high incidence of NIDDM, and thus, the
diagnostic thresholds and consequent
calculations of numbers of subjects to be
screened may not directly apply to other
populations. Thus, the optimal threshold
levels of FPG and FPG-HbA! for selection
of subjects may vary by population, but
the relative value of the various tests for
detecting subjects at high risk of NIDDM
is likely to be similar across populations.
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HbA1 (%) 5.9 6.2 6.5 6.8 7.0 7.3 7.5

FPG (mM) 4.7 5.1 5.2 5.5 5.7 5.9 6.1

FPG-HbA1 6.1 6.6 6.8 7.2 7.5 7.8 8.1
Figure 4—Numbers to be screened and number ofOGTTs needed to identify the required number of
IGT subjects for the trial. Threshold levels of FPG, HbA}, and FPG-HbA1 shown in the x-axis represent
values that give the stipulated cumulative incidence; therefore, the x-axis intervals correspond to equal
increments in cumulative incidence.

In summary, a two-step strategy is
proposed for recruiting subjects for an
NIDDM prevention trial: first identify
high-risk subjects based on FPG or a com-
bination of FPG and HbA, and then ad-
minister OGTTs to the individuals se-
lected. This strategy offers an effective,
efficient, and convenient method of iden-
tifying subjects because it can substan-
tially reduce the number of OGTTs and at
the same time reduce the necessary sam-

ple size without substantially increasing
the numbers that need to be screened.
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APPENDIX— Example of calcula-
tion for number of people to be screened
and number requiring OGTT

The 5-year cumulative incidence
of NIDDM in subjects with IGT in the
population is 35.0%, and a clinical trial
among these subjects designed, with a
power of 80%, to compare usual care with
an experimental treatment aimed at re-
ducing the 5-year cumulative incidence of
diabetes by 33% would require a sample
size (2N) of 460 (35). The prevalence of
IGT in the subjects to be screened (ex-
cluding people previously diagnosed with
diabetes) is 15.28%; therefore, 3,010
(460/0.1528) people would need to bo
screened with OGTTs to recruit this num-
ber of subjects for the trial. The sample
size needed can be reduced by selecting a
subpopulation of 1GT subjects at higher
risk. For example, the sample sir.e can be
reduced to 280 by selecting subjects with
a 5-year diabetes risk of 50.0%. This can
be achieved by first identifying subjects
with FPG >5.90 mmol/1 (Fig. 3) and then
using 2HPG to select subjects with IGT.
The numbers that need to be screened
and the numbers requiring OGTTs can be
estimated as follows: If T (threshold) : •
5.90 mmol/1, 2N (sample size) •-= 280, Pt

(proportion of individuals in the popula-
tion with FPG >T) = 0.4749, and
P(IGTIT) (proportion of individuals with
FPG >T who have IGT) == 0.1620, then
NT (number of individuals selected for
OGTT) = 2N/P(IGTIT) = 280/0.1620 =-
1,728, and Ns (number requiring screen-
ing with FPG) = N,/P, = 1,728/
0.4749 = 3,639.
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