NATIONAL CENTER| Series 2.
For HEALTH STATISTICS| Number 3

VITALand HEALTH STATISTICS
DATA EVALUATION AND METHODS RESEARCH

The One-Hour
Oral Glucose
Tolerance Test

Response of middle-aged men to 100~gram and
50~-gram doses of glucose given fasting and 1, 2,
and 3 hours after meal.

DHEW Publication No. (HRA) 74-1271

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service
Health Resources Administration
National Center for Health Statistics
Rockville, Maryland



Vital and Health Statistics-Series 2, No. 3
Reprinted as DHEW Publication No. (HRA) 74-1271
August 1973

First issued in the Public Health Service Publication Series 1000, July 1963

For sale by the Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C., 20402-Price 30 cents



PREFACE

This is one of several studies designed
to evaluate examination procedures used in the
first cycle of the Health Examination Survey.
These studies constitute efforts to define and to
measure some of the components of variation in
the examination techniques, Where the techniques
used in the Health Examination differ from stand-
ard techniques, an effort is made to evaluate the
differences, This report deals with the glucose
tolerance test,

In order to accommodate a glucosetolerance
test within the Health Examination Survey it was
necessary to modify the standard glucose toler-
ance test in a number of respects. Where the
standard test requires at a minimum that the
person come in for examination after an over-
night fast, drink 100 grams of glucose, and submit
to several venipunctures, the Health Examination
used a test which required no advance preparation,
a challenge of 50 grams of glucose, and only one
venous specimen. While expert advice had sug-
gested that this modified test would yield mean-
ingful data onglucosetolerance, it seemed desira-
ble to evaluate this test more precisely by a
special study.

Similar problems are faced by a number of
ongoing epidemiological studies in which diabetes
and its relationships to other diseases are being
examined. One such investigation, the Tecumseh
Community Health Study, carried out under the
auspices of the Center for Research in Diseases
of the Heart, Circulation and Related Disorders
of the University of Michigan, supported by Grants
H-4145 and HE-06378 from the National Heart
Institute, the National Institutes of Health, Bethes-
da, Maryland, is using a similar test procedure
employing a load of 100 rather than 50 grams of
glucose. A collaborative study to evaluate these
procedures was set up under the direction of

Dr. Norman S. Hayner, a member of the Center
Research Staff, Appreciation is expressed to Dr,
Thomas Francis, Jr., Director of the Center,
and to other members of the Tecumseh Study
Staff, particularly Dr. Frederick H. Epstein,
Dr. Marcus O, Kjelsberg, Dr. Benjamin C. John-
son, and Dr. Millicent W, Payne for advice on
certain aspects of the project.

The study was conducted in the Federal
Correctional Institution at Milan, Michigan. For
assisting in many ways we owe thankstoMr. L.B.
Stevens, Warden, to Dr. Roland Ware, Chief Medi-
cal Officer, and to members of their staffs, The
volunteers who submitted to the long and uncom-
fortable series of test procedures deserve
special credit.

Field tests were performed under thesuper-
vision of Dr. Hayner by Mr. Alberto Faustino
and Mr. Keith Lepard. Food records were trans-
lated into estimates of carbohydrate intake by
Mrs. John Vandenbelt, Research Dietitian with
the Tecumseh Study.

Laboratory work was done by the Diabetes
Field Research Unit of the Diabetes and Arthritis
Branch, Division of Chronic Diseases, Bureau of
State Services, U.S, Public Health Service. For
this and for his technical advice we would like to
thank Dr. John B. O'Sullivan, Director.

For the special studies which are carried
out at its expense but are not directly conducted
by the National Health Survey Division, staff
members are assigned for liaison with the re-
search organization doing the study, Dr. AliceM,
Waterhouse and Mr, Tavia Gordon participatedin
the design of the study and kept closely informed
on the study progress, conveying the viewpoint of
the National Health Survey Division on questions
of methodology.
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THE ONE-HOUR ORAL
GLUCOSE TOLERANCE TEST

INTRODUCTION

The oral glucose tolerance test is one of the
best established diagnostic procedures inclinical
medicine, For over 40 years the general form of
the testhas remained remarkably fixed: the patient
fasts overnight and drinks a glucose solution in
the morning; before the glucose drink and at
intervals during the next 3 or 4 hours blood and
urine specimens are obtained for measurement of
glucose concentration. Provided the patient is in
caloric balance and has been eating sufficient
carbohydrate (or has followed a preparatory diet)
high blood glucose levels after challenge usually
indicate diabetes. In clinical practice the oral
glucose tolerance test constitutes the dec1s1ve
diagnostic test for diabetes. L2 '

For large population studies, however the
standard glucose tolerance test is clearly im-
practical. Generally speaking, participants in such
surveys cannot be expected to come to the exami-
nation in a fasting state, nor to submit to a pro-
cedure lasting several hours and requirmg a
succession of venipunctures. Hence surveys are
obliged to use some reasonable mod1f1cation of
the standard procedure, shortenmg and s1mpli-
fying it, if they are to measure glucose tolerance
at all,

Accordingly, the U.S, Nat1onal Health Survey
and the Tecumseh Community Health Study * —~both
of which schedule participants for examination
at whatever times of day are most convenient—

This report was prepared by Dr. Norman S. Kayner of the Depart-
ment of Epidemiology, University of Michigan School of Publlc
Kealth, and Dr. Alice M. Waterhouse and Tavia Gordon of theé 'U.8.
National Ilealth Survey staff. .

employ the following procedure: Soon after re-
porting for examination the participant is given
a glucose load (50 grams in the Health Exami-
nation Survey, 100 grams in the Tecumseh Study).
Venous blood is collected 1 hour later and part of
it is preserved for later determination of the blood
glucdée concentration. Urine is collected with-
in 30 mmutes after venipuncture. The same
specimens are obtained from diabetics, although
known diabetics are not given the glucose drink.

The present study examines two of the vari-
ables in these procedures which may alter glucose
response from what is obtained in a standard
fasting test—the interval from the last meal to
the start of the test and the dose of glucose given
in the drink.

THE STUDY DESIGN AND
SELECTION OF SUBJECTS

The basic design was to submit a small group
of individuals to a series of glucose challenges
at weekly intervals, varying the glucose dose
and the interval between meal and challenge. The
size and-scope of the study were limited pri-
marily by the number of specimens which could
be collected and tested each week., So far as
practicable, variables not being studied were con-
trolled. There were two dose levels (50 and 100
grams) and four intervals after meal (1 hour,
2 hours, 3 hours, and overnight), Each individual
in the study group was tested twice by each pro-
cedure, His average response to one procedure
could be compared with his average response to
any other proCedure The difference in response
to replicates of the same procedure would con-
et1tute the measure of his response variability.



Procedures were scheduled in a Latin square so
that any drift in laboratory determination, sea-
sonal change or conditioning effect appeared as
part of the general variability rather than being
attributed to the variables under study, All pro-
cedures were evaluated for each person and the
comparisons for each person pooled for all per-
sons.,

The subjects of this study were volunteers
from middle-aged male prisoners in the Federal
Correctional Institution at Milan, Michigan. About
one-third of them were Negro. Known diabetics
were excluded. All appeared to beingoodgeneral
health and were working 40 hours a week in various
parts of the institution or inanadjoining industry
and farm. As recorded in.detailed 'table VII, only
2 of the 24 men selected for the main study gained
or lost more than 4 pounds during the study.
Clinical examinations of this group during the
study confirmed the impression of good health
in most instances. None of these 24 volunteers
presented symptoms or signs of pathologic enti-
ties known to impair carbohydrate tolerance,
Subjects 01 and 21 were the only Phase III partic-
ipants with a family history of diabetes, the
former in a cousin, the latter in his father.

The study was divided into four phases,
Phase 1 consisted of a screening test for each
volunteer, Phase II was preliminary evaluation
of response variability, which required 2 weeks,
Phase Il was the main study, lasting 16 weeks.
Phase 1V, a postlude, was used tohelpcharacter-
ize the study group by applying other procedures
for testing glucose tolerance.

Phase 1

In order to prepare a roster for the study
group and to become familiarized with the working
conditions and the study techniques, the staff
invited all prisoners 40 to 54 years of age to
volunteer for an initial screening session. There
were, in fact, no volunteers over 53 and there
was one 39 years of age; 45 men volunteered,
Two to four hours after breakfast, each volunteer
was given a drink of 100 grams of glucose. As in
the remainder of the study all administered glu-
cose was supplied cold in a 50-percent aqueous
solution by weight, with a flavoring of lemon juice
at the option of the subject. A blood specimen
was taken just before the drink and 1 hour later,

and a urine specimen was obtained about 30 min-
utes after the second blood specimen, The time
since breakfast and its content were recorded,
but no effort was made to control these factors,
The carbohydrate content of the breakfast was
estimated in accord with standard tables.>%7
Half of the group was done one week, half the
next, The results arerecordedin detailed tablel,

In addition to providing experience in tech-
niques and procedures, this initial phase was meant
to serve other important purposes. It gave each
volunteer a realistic notion of what the main study
required of him. At the same time, it allowed the
staff to judge the volunteers and to exclude any men
who were unrecognized frank diabetics, had veins
that were difficult to enter, or wereinsome other
fashion unsatisfactory subjects for the main study.
It also provided an’ initial gauge of response to
glucose cliallenge and since there is especial
interest in persons with elevated blood glucose
values after challenge, this gauge was used in
subsequent phases to sample such persons at a
higher rate than persons with lower glucose
values, Naturally, this procedure would prove ef-
fective only if a single blood glucose value pro-
vided. a . fairly reliable measure of a person's
usual response, The extent to which this is true
will be discussed later. Unfortunately, the selec-
tive process was not as effective as hoped because
of the limited number of prisoners availablein the
specified age range.

?hase t

Before initiating the main study, it was felt
des1rable to undertake two 3-hour glucose toler-
ance tests on a small group of men, This would
provide experience in conducting the standard
glucose tolerance test within the restrictions
of space and under the special restraints required
by the prison. More important, it would measure
the variability inherent in response to glucose.
Conceivably, the experience obtained during Phase
Il might indicate that it was desuable to modify
the study design.

- Accordingly, 10 persons were given a 3-hour
oral 100-gram fasting glucose tolerance test.
Because the institutional fare was high in carbo-
hydrate and caloric content, no attempt was made
to mod1fy the diet of the’ study participants,
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Figure 1. Response fo the standard glucose tolerance test, 10 men, Milan, Phase Ii.

The findings trom this phase of the study Phase Il
are indicated in detailed table IV and figure 1.

While they are consistent with the limited data The final study group consisted of 24 indi-
already in the literature, it must be admitted that. viduals, The following eight procedures were
it was startling to see them. It was clear that under study:

with the resources available, stable estimates of A. Overnight fast, challenge of 100 grams
the amount of difference associated with different B. Overnight fast, challenge of 50 grams
procedures could not be obtained, even if the C. One hour after meal, challenge of 100
specific group under study were a truepopulation grams

sample, but that it might be possible to establish D. One hour after meal, challenge of 50
the existence and direction of such differences. grams

It was decided to continue with the original pro- E. Two hours after meal, challenge of
gram of study. ‘ 100 grams



F. Two hours after meal, challenge of 50
grams

G. Three hours after meal, challenge of
100 grams

H. Three hours after meal, challenge of
50 grams

In procedure A blood specimens were taken
before challenge, and at %, 1, 1%, 2, and 3 hours
after challenge. In the other procedures, blood
specimens were taken just before challenge and1
hour after challenge, Urine specimens were taken
about 90 minutes after challenge. Again, the in-
stitutional fare was not altered, As in Phasel,
all food eaten on the day of the test was recorded
and its carbohydrate content estimated.

The volunteers were ranked according to their
Phase I blood glucose level 1 hour after challenge.
All persons with blood glucose levels at or
above 110 mg.% 1 hour after challenge were
selected for Phase Il (fig.2), In the end, 15
participants came from this group and 9 came
from the group with l-hour blood glucose levels
less than 110 mg.% in Phase I,

The 24 participants were placed in 8 groups.
Each group consisted of one person chosen -at
random from the high end of the scale, one from
the middle and one from the low. The group was
then assigned at random to one of the eight
procedures, This initial assignment determined
the order in which these three persons moved
through the succession of procedures. The final

“assignments are shown in detailed table II,
Since each procedure was duplicated, each person
was to be challenged 16 times during Phase III,
With only minor exceptions, challenges were given
at weekly intervals,

During all of Phase III only 1 episode of vom-
iting was noted within the 24 hours after glucose
administration. Subject number 46 had this ex-
perience 6 hours after a 50-gram dose. However,
he had had bouts of epigastric discomfort and
vomiting for years. Indeed, his fifteenth pro-
cedure was deferred because such an episode
had begun on the preceding day.

There were several lapses in the execution
of this design. In spite of an effort to solicit only
men who would be expected to remain at Milan
for the entire period of the study, 2 of the original
24 participants were transferred and 1 was paroled
before completing the full series of Phase III,
The two transferred menwerereplaced atrandom
from the remaining volunteers, Several menwere
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given the wrong dosage one week. The correct
dosage was administered to these men after com-
pletion of the remaining scheduled tests. Almost
all specimens were obtained precisely as intended,
but occasionally the time between meal and chal-
lenge was different from that planned. Whenever
a significant lapse was noted (see detailed table
II), an effort was made to supply the correct
procedure at a later time during Phase IV,

Phase HI started January 24 and ended May
8, 1962, Individual test findings are recorded in
detailed table III, .

Phase IV

The final 6 weeks afforded time and labora-
tory support to perform only three fasting tests
on each of the remaining 22 participants in Phase
III. It was decided to use the following three
procedures, each after 3 days of at least 250-
300 grams of carbohydrate daily:

1. A standard 100-gram oral glucose tol-
erance test (SGTT),

2. A cortisone glucose tolerance test
(CGTT). A uniform procedure was
adopted whereby a dose of 62% mgs.
of cortisone was administered 8% to
9 hours and again 2% to 3 hours before
a morning fasting challenge of 100
grams of glucose. In contrast, the
original procedure of Fajans and
Conn® would have called for 50 mg.
doses instead of 62% mg. doses of
cortisone for individuals under 160
pounds in weight (subjects 21, 29 and
48) and the glucose dose would have
been 1.75 grams per kilogram of
"ideal body weight'’,

3. The prednisone glycosuria test (PGT)as
described by Joplin, Fraser, and Kee-
ley® followed directly by another 100-
gram glucose tolerance procedure.

The mean SGTT values were to be compared with
means from Phase II and Phase 1II (procedure A)
to check the hypothesis that there should be no
difference; i.e., that added carbohydate had been
unnecessary. The CGTT and PGT were included
to explore their potential applicability anduseful-
ness for population studies. The CGTTwould also
provide another means for clinical classification
of carbohydrate tolerance. It appeared infeasible
to perform an intravenous glucose tolerance test.

Laboratory Msethods

Blood spécimens were shipped‘on water ice
from Milan at the end of each day of tests to the
Diabetes Field Research Unit in Brighton, Mas~
sachusetts, for determination of glucose concen-
tration by the Somogyi-Nelson Method. X A re-
view of technical variability encountered during
the study (Appendix I) supports a coriclusion that
the work of this laboratory was reliable and
consistent from week to week and that shipment
did not significantly alter the results. Urine
samples were tested by the field staff at Milan
with a glucose oxidase impregnated tape ('"Tes-
Tape' produced by Eli Lilly Company, Indianap-
olis).} Quantitative urinalyses during Phase IV
were done in Brighton by the Froesch and Renold
method. 2

BLOOD GLUCOSE LEVEL
1 HOUR AFTER CHALLENGE

The primary purpose of the study was to see
how blood glucose levels 1 hour after challenge
were influenced by differences in the amount
and time of glucose challenge. One method of
evaluating this is the comparison of mean 1-
hour blood glucose levels in response to each
procedure, averaged for all 24 persons in the
main study (Phase III), The mean value for each
procedure is shown in table 1 and figure 3.
With table 2, which gives the standard deviations
of response, the meansreveal several of the major
findings.

As expected, the response to a 100-gram
oral glucose load was greater than to 50 grams.
The difference between the mean of all 100-gram
and of all 50-gram procedures combined was 9.4
mg.%. If the mean levels for individuals at different
times of challenge are considered, there are al-
together 96 comparisons of a 50-gram with a 100-
gram challenge. The level was greater after a 100-
gram challenge in 65 of these 96 comparisons,
In other words, in the majority of instances
the 100-gram challenge leads to higher 1-hour
blood glucose levels than the 50-gram.

Futhermore, the mean 1-hour level was
higher with a challenge of 100 grams than with
a challenge of 50 grams, whether the glucose load
was given to a fasting individual or was given
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Figure 3. Mean blood glucose level 1 hour after challenge, by various procedures, 24 men, Milan, Phase lll.

1, 2, or 3 hours after a meal. However, the
- difference was not statistically significant for the
fasting test. For both the fasting tests and the
tests _given 1 hour after a meal, only 13 of the
24 persons had a higher response to the 100-
gram challenge than the 50 gram. When the
challenge was given 2 or 3 hours after a meal,
the l-hour level was, respectively, 11.0 mg.%

and 16.5 mg.% higher with a 100-gram challenge
than with 50; and was higher inthe first instance
for 18 of the 24 persons and in the second for
21 of the 24 persons.

These observations refer only to levels 1
hour after challenge. Except where a 100-gram
challenge was administered after an overnight
fast, this study undertook to measure blood

Table 1. Mean level of blood glucose before challenge and 1 hour after challenge: 24
men, Milan, Phase III
Mean level (wg.%)
Time from meal to
challenge ~ Before challenge 1 hour after challenge of
Total 100 grams | 50 grams 100 grams 50 grams
1 hour--===-=sesmocaaan 89.5 87.8 91.2 106.8 100.9
2 hourg--cceccncmanccax 84.2 83.4 85.0 113.8 102.8
3 hours==-=ce-conccccca- 77.0 76.8 77.3 118.6 102.1
Overnight--~-evecccwe-- 78.4 77 .4 79.3 109.4 105.2




glucose levels only before challenge and 1 hour
after challenge. It is conceivable therefore that
the peak response was as high to the 50-gram
challenge as to the 100-gram challenge, but that
the peak came at a different time. It will be
shown, however, that urine glucose concentrations
tended to be higher after a 100-gram challenge
than after 50, which would seem to argue for
generally higher levels of blood glucose after
100 grams.

The mean blood glucose level 1 hour after
a 50-gram challenge appeared to be the same
whether the challenge was given to a fasting
individual or 1, 2, or 3 hours after a meal.

On the other hand, the mean blood. glucose
level 1 hour after a 100-gram challenge was af-
fected by the time the challenge was given, If
it was given 2 hours after a meal the level was
higher than if the challenge was given 1 hour
after a meal, The response level was still higher
if the challenge was given 3 hours after a meal.
While this ""trend' was statistically significant in
terms of mean levels for the group, it was not

Table 2.

compelling for individuals. In fact, it was noted
only in six individuals, In 18 cases, however, the
response to a 100-gram challenge given 3 hours
after a meal was greater than the response to
the same challenge given 1 hour after a meal,
so that we are justified in considering this effect
of time after meal as generally true,

It does not follow, however, that the level
after a 100-gram challenge is higher followingan

‘overnight fast than it is when challenge is ad-

ministered 3 hours after a meal, In fact, the data
suggest that the level is lower. This difference,
however, is not statistically significant and is
found in only 14 of the 24 persons tested.

Figure 4 illustrates specific test results
for three individuals selected from the low,
middle, and high portions of the response scale.

Each of the eight procedures studied was per-
formed twice on each subject in successive weeks,
For the eight procedures taken as a group, the
differences in variability of level 1 hour after
challenge are not statistically significant, How-
ever, this conclusion does not allow for the fact

Variation of blood glucose levels before challenge and1l hour after challenge:

24 men, Milan, Phase III

Time from meal to challenge

Variation (mg.%)

Before 1 hour after challenge of

challenge

100 grams 50 grams

Average of absolute differences

12.0 14.8 20,2
12.6 12.3 15.3
11.3 23,1 17.3
6.4 20.5 14,2
Standard deviation of response

10.5 13.4 17.3
11.2 11.4 14.0
10.8 19.9 17.2
5.9 18.7 12,1

NOTE: If d is the absolute difference between replicates of a given measure and there are g pairs of replicate measures, the average of

the absolute differences is X d and the standard deviation of response is pX d2

n

2n
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that each variance includes a relatively fixed
technical variability and that the statistical test
is close to the level of significance. In any
event, it is well recognized that technical error
tends to make it more difficult to demonstrate
differences that are actually present, In this
case, the most reasonable conclusion from the
data is that (appearances to the contrary) the
variability in level 1 hour after challenge is not
the same for all eight procedures,

Similarly, there is no indication in the data
that variability in response is any greater for those
persons with high levels of blood glucose than
those with low levels. To take a specific example,
when a 100-gram challenge is given a fasting
individual, the blood glucose level at 1 hour andits
variation have a rank correlation of -.05, It
cannot even be demonstrated by these data that

there is a statistically significant difference in

variability of response among different persons,
Since both these conclusions are implausible on
a priovi grounds, they may be modified to this
statement: In this specific study group, any
differences that did exist between persons in
their variability of response at 1 hour after
challenge could not be demonstrated with the
procedures, the laboratory methods, and the ex-
tent of replication that was used.

To be conservative then, all statistical tests
were performed on the assumption thatthe varia-
bility of level differed from person to person and
from procedure to procedure.

Table 3. Mean level of blood glucose

THE MEAL

Persons presenting themselves for examination
in the usual survey may arrive after a breakfast,
lunch, or dinner of variable carbohydrate con-
tent, or in a nearly fasting state, It was decided
early in planning this study that it would be
-impossible to evaluate all these factors with the
resources available, and that attention would be
focused on the effect of giving a challenge at
varying times after a meal, However, a de-
scription of each participant’'s previous meal
was obtained each time he presented himself
‘during the main study; and the test assignments
were arranged so that where the test was given
after a meal, half of the study group would
always come in after breakfast and the other
half after lunch,

The "breakfast’ and "lunch" groups were
quite similar in glucose response, Their mean
blood glucose levels in Phase I, when everyone
received a 100-gram challenge after breakfast,
were 81.0 and 75.5 mg.% before challenge, and
124.4 and 113.4 mg.% after challenge. Similarly,
their morning fasting levels during the main
study were nearly identical, 79.8 and 77.5 mg.%;
and when a challenge of 100 grams was given
after an overnight fast, the blood glucose levels
rose to the same level in both groups, 110.3
and 108.5 mg.%. The only discordant note is
the difference in response to a 50-gram challenge
after an overnight fast, the "breakfast'" group

before challenge and 1 hour after challenge, ac-

cording to meal preceding challenge: 24 men, Milan, Phase III

Mean level (mg.%)

1 hour after challenge of
Time from meal to challenge Before challenge

100 grams 50 grams
After After After After After After
breakfast | lunch | breakfast | lunch | breakfast | lunch
1 hour-=---ccccmccccmcmceec e 86.5 92.5 100.4 | 113.3 97.2 104.5
2 hours---------tmcmmmme e 81.6 86.8 105.4 | 122.2 96.4 109.2
3 hours=-~--=--cccmcmmmnn e 73.4 80.6 110.0 | 127.1 96.9 107.2

NOTE: 12 men received challenges after breakfast, 12 after lunch;



rising to 101.8 1 hour after challenge and the
"lunch"” group to 108.6, However, the weight
of the evidence favors the conclusion that under
the same circumstances the two groups had
essentially the same blood glucose levels, Hence
where mean levels after a meal differ, it seems
reasonable to attribute most of the differences
to the content of the meal or to the time of day.
Of course, comparisons between tests after break-
fast and after lunch will also reflect any di-
urnal rhythm or differences in recent physical
work.,

Table 3 gives average levels of response for
these two groups under the various test pro-
cedures. Blood glucose levels both before chal-
lenge and 1 hour after challenge were higher
after lunch than after breakfast. When a challenge
was given after lunch, the rise was greater than
when the same challenge was given after break-
fast, The level 1 hour after challenge, when the
challenge (either 50 or 100 grams) was given
after breakfast, was lower than when the chal-
lenge was given to fasting individuals, although
the differences were trivial and not statistically
significant, Similarly, with a 50-gram challenge
given after lunch, the levels 1 hour after chal-
lenge were indistinguishable from those obtained
from a 50-gram challenge given after anovernight
fast, A 100-gram challenge given after lunch,
however, yielded 1-hour levels distinctly higher
than did the same challenge given after an over-
night fast.

All of these differences may, of course,
reflect differences between the persons assigned
to the two groups (although this is unlikely),
but the study was not designed to sort out this
kind of factor with great precision. It is worth
noting, however, that the carbohydrate intake at
breakfast tended to be higher than at lunch,
although the kind of carbohydrate eaten at these
meals is not the same and may conceivably
have different effects on the glucose tolerance
test. The range and mean carbohydrate intake
during the main study are given for each person
in the study group in detailed table IV,

URINE GLUCOSE

A semiquantitative glucose oxidase tape
method specific for glucose was used to test
urine specimens collected 1% hours after each of

10

the 16 glucose loading tests performed on each
subject., Data are given in -detailed table III and
summarized in table 4, No negative urine was
obtained when the 1-hour blood glucose level was
over 160 mg.%, whereas no urine specimen showed
even a trace of glucose when the 1-hour blood
glucose level was below 60 mg.%.

Nine persons had positive urine with some
frequency (at least 7 times out of 16). Their
urine glucose findings may be roughly quantified
by using the test scale (1, 2, 3, 4), assigning
a value of ¥ for a glucose trace, and zero for a
negative urine. A person's response to the repli-
cates of one procedure may be combined and com-
pared with the parallel statistic for another pro-
cedure, If this approach is used to compare all
100-gram tests for these nine persons with all
their 50-gram tests, the average score for the 100-
gram tests is 0.847 more (the difference having
a standard deviation, Sp/ym in the notation of
Appendix II, of 0.276). In short, the 100-gram
challenge elicited a significantly higher concen-
tration of glucose in the urine of these nine sub-
jects than the 50-gram challenge. This statement
also applies to the 24 persons taken as a whole.

THE STANDARD GLUCOSE
TOLERANCE TEST

The study yielded a large amount of data
relating to the standard glucose tolerance test,
In the Phase II pretest, 10 men were given 100-
gram challenges twice after an overnight fast,
and successive blood specimens were taken,
Four of these men were not participants in sub-
sequent tests, but the other 6 and another 18
of the original volunteers did participate in the
main study, where the same sort of test was
administered in replicate. After Phase III was
completed, 22 of these 24 men were also given
a single standard glucose tolerance test preceded
by a 3-day period of high carbohydrate intake,
Thus, there were 28 men with at least one pair
of standard glucose tolerance tests and there were
6 men with 5 standard glucose tolerance tests,

These various data are presented in de-
tailed table IV and summarized in table 5 and
figure 5. They indicate that while the fasting



blood glucose level of anindividual is most stable,
each of the levels between ¥% and 3 hours after
challenge has a standard deviation between 12
and 18 mg.%. This variability, of course, compli-
cates the evaluation of the glucose tolerance test
when the test results fall relatively close to
whatever critical values are used for diagnosis,
To evaluate changes in clinical status onthe basis
of single standard glucose tolerance tests is

especially hazardous in light of the high vari-
ability of the individual tests,

It is worth noting that the variability of the

ensemble of measurements taken in a standard
glucose tolerance test is actually greater than
appears from table 5, This may be seen by the
following: Add all the blood glucose values for
a single standard glucose tolerance test for each
of the 28 pairs of 3-hour tests performed during

Table 4, ‘Urine glucose scores: 24 men, Milan, Phase III

Total urine glucose scores
Case number

All tests 100 gram tests |50 gram tests
1 LT 4 4
R e L L 1 1 0]
L e e L L L L adel L D 0 0]
UL L L L E e PP EE R 1/2 1/2 0
Pl L ELE L DL L EE DTt o] 0] 0
B e LR 1/2 1/2 0
R i L E L P TP 9 5 1/2 31/2
T 38 20 18
L L D L LS 1/2 1/2 0
26=mmemmmmcmmeemecem;eceacccececcnna—a- 0 0 0
28emmcmmmacciememen—cneeen e ——e e - 46 27 19
A L L T L PR P LR 11/2 0 11/2
33cmcccsccucicnonrncne e e e e 1/2 . 1/2 0
36emmcacmccmmcccccaccaccccccenmmm—hae 31 1/2 16 1/2 15
Ly L e L L LT 8 4 4
h3ammmmmmmmem———caraa—— et L 11/2 1 1/2
fhemcmmmmc e mee e e e e n - 20 13 7
L R ettt 29 1/2 15 1/2 14
ffmmmmmmciccaccccmmcicncmccm—cmem————— 9 6 1/2 21/2
4] mmmmmmme e e iccccceme——————- 0 0 0
4Bmmmmmmmmeemcam e 7 1/2 51/2 2
X S 11/2 0 11/2
L e L L L PP P PP TP 0 0 0
DL et L S P P LR EE LS 1 1 0

NOTE: Urine determinations are made 90 minutes after challenge. Negative urine is given a score of 0; trace, %4, readings of 1,2,3, or 4
plus are scored 1,2,3, or 4. There were 8 tests with a cliallenge of 50 grams, 8 with a challenge of 100 grams, 16 tests-altogether.



Table 5. Variation of blood glucose. levels
on standard glucose tolerance tests ac-
cording to time after challenge: 28 men,
Milan, Phases II and III )

Variation (mg.%)

Time after —
challenge Average of Standard -
absoluté deviation
differences | of response
0 houre==m==c-- 4.4 3.8
1/2 hour-=----- 16.8 15.2
1 hour-=-====-- 20.0 - 18.0
1 1/2 hours---- 14.1 12.5
2 hours-=see=~n 11.9 i3.5
3 hours=-=~c=-- 16.1}| 14.7

NOTE: Ifd is the absolute difference between replicates ofa
given measure and thete are n pairs of replicate measuzes, the av-
erage of the absolute differences is 1/n = d and thé standard de-

viation of response is 5 dz

2n
Tests in Phases II and [II were given thhout a specxal prepar-

atorv diet.

Phases II and III. The standard deviatiofi between
replicate sums is 42.0 mg.%. If it is assumed
that the variation at one time after challenge is
independent of the variation at any»oth'ertime,
the figure computed from table 5 would be 32.8
mg.%; the difference is stat1stlca11y sigmﬁcant

As already noted, the glucose tolerance tests
done in Phases II and III were undertaken wn:h-
out any special preparatory diet, Such diets’ were

developed to correct any poss1b1e caloric or

carbohydrate deprivation, either of which tends
to reduce tolerance to a standard challenge 13, 14
As a special check on this factor, a sgeriés of
standard glucose tolerance tests weré performed
during Phase IV on all 22 remainmg persons who
had participated in the main study. Some of the

group were given these tests diring 1 week of .

Phase IV; the remainder were given the tests
the following week. The test with preparatory
diet was done only once on each person. It will
be seen from table 6 that the levels for tests
given without the 3-day preparatory diets were,
if anything, lower than the comparable results
with the preparatory diet, although the differences

12

were nof statistically significant, Hence, it can
be argued that the normal prison fare consti-
tuted preparanon enough.

A record was made of the carbohydrate con-
tent of the last meal for each subject in each
of his nonfasting tests, The range and mean
carbohydrate content of each subject's meals in
Phase III are given in detailed table V, It will
Be noted that the meals were generally morethan
adequate in carbohydrates, suggesting that the
subjects were actually réceiving a dietresembling
the customary glucose tolerance preparatory diet,
During Phase III, only two subjects gained or
lost more -than 4 pounds, Selected discordant 1-
hotir blood sugar valués from duplicate tests re-
vealed that about as many are associated with
differences in the cdrbohydrate content of the
respécnve meals in the same direction as with
differences in the oppos1te direction. Thus, vari-
ation in the recent carbohydrate intake does not
seem to be a suitable explanation for dis-
cordant blood glucose values.

In Phase IV, 2 weeks after the standard
glucose tolerance test, a cortisone glucose toler-
ance ;est was performed and evaluated in accord
with the method of Fajans and Conn.® This
test and the Phase Il and Phase IV 3-hour glu-
cose tolerance tests are summarized clinically

Table 6, - Mean level of blood glucose on
standard glucose tolerance tests with
and without 3-day preparatory diet: 24
men, Mildh, Phase III and IV

‘ Mean level (mg.%)
Time after
challenge Without With
preparation | preparation
(Phase III) | (Phase IV)
0 hoyr--====v-- 77.6 78.7
1/2 houte~anma- 111.8 119.0
1 hour=--+==-=- 108.3 107.3
1 1/2 hours---~- 97.1 102.2
2 hours~====-=-- 91.5 102.1
3 hours----ce-- 68.5 76.5
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Figure 5. Response to the standard glucose tolerance test, 6 men, Milan, Phases Il, IlI, IV.



for each subject according to establishedcriteria
in detailed table VI, Considering as '‘abnormal"
any fasting blood glucose levels above 100 mg.%
during Phase 111 and clinically definite or suspect
abnormalities of either of the two procedures in
Phase IV, the following four examinees are seen to
have manifested definite or suspect evidence of
decreased carbohydrate tolerance at least twice:
01, 21, 26, 28,

RANKING INDIVIDUALS

Ultimately, any glucose tolerance testis eval-
uated by a decision that the blood glucose level
is either high or low. Hence, if one glucose toler-
ance test ranges a set of persons from low to high
in the same order as another test, itmay be con-
sidered as equivalent to that test. Ifa rank corre-
lation of 1.00 is found between two tests, this
means that the individuals are ranked in exactly
the same order by both tests, If the rank corre-
lation is 0.00, there is no similarity at all in the
order. Where only 24 persons are being evaluated,
a rank correlation of 0.34 is indistinguishable
from no correlation. For presentpurposes, nega-
tive correlations are equivalent to none.

Table 7 exhibits the mean blood glucose con-
centration 1 hour after 50-gram and after 100-
gram challenge for each person in ‘Phase III
and the corresponding ranks. The rank correlation
between the average of all 100-gram procedures
and the average of all 50-gram procedures is
0.93. Inspection of table 7 and of figure 6 con-
firms that the 100-gram and 50-gram procedures
do, indeed, rank individuals with remarkable con-
sistency.

This does not answer the question of how
well a single casual l-hour test compares with
the deliberate test experience., For this purpose
the Phase I data may be used, As these were the

initial tests performed on each subject and were -

done at various times after a meal, they are
quite comparable to tests performed in epidemio-
logic surveys. The rank correlation of the aver-
age of all 100-gram procedures in Phase III
with the single 100-gram testin Phaselwas 0.63.

A similar inquiry may be made of the re-
lation of blood glucose levels before and after
challenge. There is, of course, a drop in blood

14
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Figure 6. Correlation of mean blood glucose level after the 50-
gram challenge with mean blood glucose level after the 100-gram
challenge, 24 men, Milan, Phase |iI.

.

glucose levels (before challenge) from 1 to 2
to 3 hours after a meal. Nonetheless, it is con-
ceivable that if due allowance is made for shifts
in the scale, a casual blood specimen obtained
without any deliberate preparation or delay could
measure glucose tolerance quite well. Certainly
such a test procedure would have distinct advan-
tages for survey work.

In terms of this study, the question can be
phrased: how does the blood glucose level before
challenge relate to the blood glucose level after
challenge, and how is this relationship affected
by time since last meal? The rank correlations
between levels before challenge and 1 hour after
challenge are given in table 8, Needless to say,
this study does not allow the complexities of
response to carbohydrate challenges in close,
succession to be evaluated (for that is what a
meal followed by a glucose drink amounts to),
but it can be said that when the challenge is
given within 1 or 2 hours after a meal the corre-
lation of ranks before and after challenge is quite
striking.



Table 7. Mean level of blood glucose 1l hour after challenge and ranking of individuals:

24 men, Milan, Phase IIIL
Mean level (mg.%) Ranking
Case number 100 50 100 50
-gram -gram ~gram -gram
All tests tescs tosts | All tests Eests tests
118.3 122.2 114 .4 18 ' 18 | 20
87.7 92.3 83.1 6 7 3
86.7 88.8 84.6 3 3 6
106.8 117.8 95,7 13 15 9
87.6 90.8 84.4 5 6 5
- 86.9 90.3 83.5 4 5 4
109.4 115.1 103.7 15 14 15
139.2 142.4 135.9 22 23 23
100.7 106.9 94,5 | - 11 11 8
114.9 121.1 108.8 17 17 18
122.1 137.0 107.2 19 20 17
96.9 94.9 98.8 9 9 10
114.0 120.9 107.1 16 16 16
144.1 162.7 125.5 24 24 21
105.3 108.1 102.4 12 12 14
81.6 84.4 | 78.7 1 1 1
107.4 113.0 101.9 14 13 13
143.3 141.4 145.1 23 || 22 24
131.0 134.3 127.7 21 19 22
87.8 85.2 90.4 7 2 7
84.4 89.6 79.3 2 4 2
96.8 93.0 100.5 8 8 12
99.8 100.3 99.2 10 10 11
126.3 139.4 113.2 20 21 19

It 1s instructive to compare the rank corre-
lations just discussed with the rank correlation
of replicated standard glucose tolerance tests,
When persons who had fasted overnight were given
the 100-gram challenge during Phase III, and this
procedure was repeated 1 week later, the rank
correlation between their levels 1 hour after
challenge was 0.68. This is not surprising, given
the high variability of response, but it does
raise the question whether this generally accepted
standard procedure has much inherent advantage
over any of the other seven procedures under
investigation. ’

The urine tests donot lend themselves equally
well to rank correlation techniques, since the
majority of persons in the study seldom if ever
""'spilled” glucose into their urine even after an
100-gram challenge and were consequently tied
in rank. However, using the scoring system
previously described, it is evident by comparison

of tables 4 and 7 that the nine persons who tended
to "spill" after challenge usually ranked high in
blood glucose level after challenge. Figure 7
shows the relation of average blood glucose level
1 hour after challenge to the composite urine glu-
cose score for each of the 24 persons in Phase IIL

Table 8. Rank correlation of blood glu-
cose levels before challenge and 1 hour
after challenge: 24 men, Milan, Phase IIL

Glucose challenge
Time from meal
to challenge

100 grams [50 grams

] hour-=--—==-ccamae-o- .81 074
2 hourS«=—=cccacana« .68 ~54
3 hours==-=-mcm-a-= .40 .21
Overnight======n=-= .26 A
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INCIDENTAL OBSERVATIONS

There were a few occasions in which in-
_dividual idiosyncrasy seemed to be the explanation
for discordant duplicate tests or a peculiarity
in the glucose tolerance curve. A discordant
pair of values for an individual may arise from
labeling errors, failure of examinee to follow
instructions, laboratory mistakes or some other
defect in techniques, or may only reflect the
inherent variability of an individual, That there
is no safe way for deciding which factor prevails
in a given case is illustrated by data for examinee
28. His four glucose tolerance tests in Phases
II and III (shown in figure 5) were highly variable
2 hours after the challenge. On the first test, the
level was 100mg.%; 1 week later itwas 30.5 mg.%.
This difference of 69.5 mg.% should be compared
with the average difference of 14.6 mg.% for all
10 men in Phase II, including examinee 28,
However, 3 months later duplicate standard glu-
cose tolerance tests were done on the same man

with almost identical results. The first week
showed 101.5 mg.% at 2 hours; the second week
it was 40.0 mg.%. What on the first pair of
tests seems to betoken a technical error, on the
second pair of tests may more logically be attrib-
uted to examinee idiosyncrasy.

Clearly, in a small series of cases one or
two very peculiar individuals can produce a dis-
torted picture of the general population. This does
not appear to have happened in this study, for
even the idiosyncrasy just mentioned has only
a minor effect on the mean values. Therefore,
even though clinicians have a natural interest in
the unusual case, the kind of study undertaken
here can shed little light on cases of this type.

DISCUSSION

One must be most circumspect in generalizing
from a study such as this., For one thing, the
group was limited in size, For another, this was
an unusual group, living under unusual circum-
stances. The age range was limited; the group
included only men, Any number of artifacts might
have intruded on the study. Some peculiarity of
the prison diet might have affected the results,
Usually the subjects spent the hour after glucose
loading in comparative idleness during which they
often smoked cigarettes, This is quite different
from the examination routine of either the Te-
cumseh Study or the Health Examination Survey,
in both of which participants are occupied during
the period between challenge and venipuncture and
have little opportunity for smoking,

There was an epidemic of Type B influenza
during the eighth and ninth weeks of Phase IIL,
Each subject was routinely asked at each session
whether he had a cold or fever or other infection,
and—it was only during these weeks that any
excess number of respiratory infections was noted
in the study group. However, the subjects report-
ing these symptoms§ revealed no consistent alter-
ation in response to glucose load in comparison
with asymptomatic periods.

One disturbing feature'of the study group is
the low mean blood glucose level after challenge.
The response to a 100-gram challenge is dis-
tinctly less than noted in the Tecumseh Study,
while the response to a 5S0-gram challengeisless



than that found in the Health Examination Survey.
On the other hand, their response levels were
comparable to those found by Wilkerson and his
associates!4in another prisoner group. There
does not seem to be an obvious explanation for
these findings,

These various qualifications are not entered
to deprecate any findings of this study. Inthe last
analysis, no study can stand by itself. It must
be integrated with the findings of other related
studies and must be repeated by other investi-
gators on other study groups before its meaning
becomes clear and certain,

While there have no doubt been numerous
informal observations made of the factors in-
vestigated in this study, there are relatively few
solid data in the literature. Maclean!’ | an early
worker with the glucose tolerance test, observed
that ", . . after a certain dose is reached, about
25 grams, further increase in the amountof sugar
does not increase the actual height of the resulting
hyperglycaemia." Of course, laboratory tech-
niques then in use measured something morethan
blood glucose, so that his findings are not neces-
sarily in contradiction to this study. In any event
one clear finding in this study is that a 100-gram
challenge yields a somewhat higher blood glucose
level than a 50-gram chailenge.

Irving and Wang!6 in a study which essen-
tially yielded replicate standard glucose tolerance
tests on a series of 12 persons, found, as in this
study, large variability in the results. The vari-
ability in level of their subjects, while somewhat
greater than that for subjects in this study at
fasting and at %, 1, 1%, and 2 hours after challenge,
appears to be of about the same magnitude,
What differences do exist may be accounted for
by two facts: (1) the measurement of blood glu-
cose concentration in their study was done on
capillary blood and could be expected to have a
greater measurement variability than determi-
nations made in this study; and (2) the prior
preparation was deliberately varied from one test
to the other. A study of replicate standard glucose
tolerance tests was made by Freeman, Looney,
and Hoskins!” on 35 men, 30 of whom were schizo-
phrenic., Blood glucose was determined by the
Folin-Wu method. The average difference between
replicate specimens taken fasting and %, 1, 2,
and 3 hours after challenge was 9.0, 25.8, 29.9,
20.3, and 15.2 mg.%. These are all greater than

the comparable figures for our stuay group. If
it is assumed that the fasting glucose level is
highly stable, the greater variability reported in
fasting tests in their study suggests a greater
technical variability in the measuring technique
than obtained in this study.

Unger'® studied the variability of standard
glucose tolerance tests using a group of food
handlers with a casual postprandial blood glucose
level on screening of less than 130 mg,%. "With-
in-person" standard deviations may be computed
from his published data, For 7 men under age
40 and for 10 men over 40 the standard deviations
of the 1-hour blood glucose level were 23.9 and
29.7 mg.%, respectively. The corresponding fig-
ures for 15 women under 40 and 17 women over
40 were 32.8 and 25.9 mg.%. The figure for the
inmate volunteers in this study was 18.0 mg.%.
Again_ part of the difference may be technical,
since the standard deviation of fasting levels was
also higher than in this group. For men over 40
it was 7.6 mg.% as compared with 3.8 mg.% for
this study group. At 2 hours, however, the stand-
ard deviation for men over 40 in Unger's group
was 6.7 mg.% as contrasted with 11.7 mg.% for
this group. »

Summing up the various comparisons, it ap~
pears that the variability of response to chal-
lenge found in this study, high though it was,
probably represents a conservative estimate of
this factor.

One interesting finding in this study is that
the response to a 50-gram challenge appears
to be quite insensitive to the interval since
prior meal, Whether the 50-gram challenge is
given fasting or 1, 2, or 3 hours after a meal
the blood glucose level 1 hour after challenge
appears to be the same, Data from the Health
Examination Survey suggest that the effect of
time from last meal to a 50-gram challenge is
not as trivial as appears from this study, and
there are some anomalies in the results of the
Milan Study itself which suggest special caution
be used in interpreting the findings with respect
to the 50-gram challenge, Still, the effect of time
after meal seems definitely greater with a 100~
gram challenge than with 50.

Finally, it must be said quite explicitly that
this study cannot be used to decide whether any
specific tolerance test is best for determining
the presence or absence of diabetes, What the

7



study does strongly suggest is that any of the
procedures under investigation will tend to rank
persons with respect to glucose tolerance in
about the same order from low to high, thata
casual glucose tolerance procedure yields re-
sults quite similar to a standardized procedure,
but that any procedure will yield variant results
when repeated on the same individual,

SUMMARY AND CONCLUSIONS

Using 24 male prisoner volunteers 40-52
years of age as subjects, l-hour oral glucose
tolerance tests performed under eight different
-arrangements were compared. Challenges were
given with both 50 and 100 grams of glucose,
and were given after an overnight fast and 1,
2, and 3 hours after breakfast or lunch. Each
procedure was performed twice. The 16 tests
for each subject were performed at weekly
‘intervals. Fasting 100-gram tests were extended
to 3 hours, Subsequently, 22 of the subjects
were given three clinical tests after added dietary
carbohydrate: the standard glucosetolerancetest,
the cortisone glucose tolerance test, and the pred-
nisone glycosuria test. The following findings
were noted:

A challenge of 100 grams of glucose yielded
slightly but consistently higher mean blood glucose
levels 1 hour after challenge, and significantly
~ higher concentrations of urine glucose, than did
a 50-gram challenge.

Despite this fact, individuals with highlevels
1 hour after a 100-gram challenge also had rela-
tively high levels after a 50-gram challenge and
mean response to the two loads appeared to
rank individuals in almost the same order. The
four subjects classified clinically as exhibiting
some evidence of deficient carbohydrate tolerance
were ranked high by both the 50-gram and 100-
gram tests.

In contrast with the more uniform 1l-hour
levels of the group given 100 grams of glucose
at various intervals after breakfast, response
levels of the apparently similar group tested after
lunch with 100-gram challenges increased with
time after meal, On the other hand, the 50-gram
test revealed no significant correlation of re-
sponse level with interval after meal in either
group. These findings should be treated with some
reserve.

An individual's blood glucose level after over -
night fast was highly stable but his level under
other circumstances was variable, In particular,
the variability of response to challenge after an
overnight fast was of the same magnitude as
variability of response when the challenge was
administered after a meal. ,

Administration of a glucose challenge when-
ever a persoh comes in for examination, no matter
when or what he last ate, appears to be an en-
tirely reasonable method of testing for carbo-
hydrate tolerance,
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Table I.

Blood glucose and urine glucose findings: 45 men, Milan, Phase I

First week

Second week

Case number | Blood glucose levels ggﬁigge Case numper | Blood glucose levels ggzigze
X

Before lagggg lzagggis Before lagggi 1:f2:¥rs

challenge challenge challenge challenge challenge challenge
01%~=-emccmme 74.0 116.0 | Negative 3l-=-momm - 74.0 80,0 | Negative
02=-mmmem———— 107.5 84.5 | Negative 32-mmmmemen 103.0 100.5.| Negative
03mmmmmmmmmem 76.5 64,0 | Trace 33% e 87.0 120.0 | Negative
042 mm e 67.5 97.0 | Negative [[34--m=v=u--- 77.0 82.0 | Negative
05%-mmmmmmeae 95.0 78.0 | Negative [|35%9---cnan-- 79.5 138.0 L+,
06=mmmmmmmm e 85.5 83.0 2+ 36 mmmemmam- 65.0 121.5 ) . 2+
0y 134.0 100.0 2+ 37---mmmmem- 82.5 83.0 | Negative
08 mmmmmacn 86.5 96.5 | Negative 38--mmmoomm- 69.5 102.0 | Trace
09%mmmmmmmmmm 81.5 120.0 4t 39mmmm 70.0 87.0 | Negative
10Pmmemee e 87.5 90.0 { Negative 4Q-mmrmmmmm- 69.0 82,0 | Negative
112 cmccccmama 78.0 88.5 | Negative 4lemcememmmm 92.0 95.5 | Negative
19Pmmm s 66.0 114.0 | Negative [42%-------m- 69.5 102.0 | Negative
10 J 87.5 226.0 2+ 43: --------- 87.0 75.0 | Negative
21 68.0 158.0 2+ 44" mmemmmam 66.0 155.0 3+
Y T 91.5 87.5 | Negative 458 80.0 144.5 2+
23% e mmeeaaa 69.0 113.0 | Negative [|46%---~----- 73.5 132.0 | Negative
A 54.5 79.0 | Negative L A 82.5 99.5 | Negative
25mm e 96.0 86.0 | Negative |48%-----mu-- 100.5 127.0 | Negative
267 e 70.0 122.0 | Negative 498 ameeann 69.0 133.0 | Negative
[ 82.0 106.0 2+ 50" =mmmaenn 88.5 118.0 | Negative
287 77.0 144 .0 3+ 58mmmmmmmmem 69.0 83.5 | Negative
1 77.0 75.0 | Negative |[59%---neenmnm 72.0 122.0 | Negative
30Cccmmanaaa= 78.0 56.0 | Negative

23elected for Fhase III.

bgelected for Phase III but discharged and replaced by case number 29.

®Veins unsuitable for venipuncture.

d3elected for Phase III but discharged and replaced by case number 08.
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Table II. Assignment of subjects to experimental procedures: 24 men, Milan, Phase III

Week
Case number
1, 2 3, 4 5, 6 7, 8 9, 10 11, 12 13, 14 15, 16
Morning group

28, 10, 50------ Semem—a—e D H F G B A c E

21, 48, 1lle=~--- ~mmmemea H D A c E F G B

49, 33, O4-emwerccncen-a- A F H E c D B G

20, 01, 43-=ccc-conanaan F A D B G H E c

Afternoon group

46, 59, 42cwcmcaccacana- B E G F b c A H

45, 26, 05=mm=n= ~———eaa E B c A H G F D

44, 36, L4]=~cememcccccn~ c G E H A B D F

08, 29, 23-c==-- R et G c B D F E H A

Key to Procedures

A = 100 grams challenge after overnight fast E = 100 grams challenge 2 hours after meal

B = 50 grams challenge after overnight fast F = 50 grams challenge 2 hours after meal

C = 100 grams challenge 1 hour after meal G = 100 grams challenge 3 hours after meal

D = 50 grams challenge 1 hour after meal H = 50 grams challenge 3 hours after meal

Lapses:

Case number 01, 04, 10, 11, 20, 28, 33, 42, 43, 48, 49, 50—no lapses

Case number 05,21,26,44,45, 47 were given challenges of 100 grams in week 13, when they should have been
given challenges of 50 grams. These results were discarded and the correct procedures were

one on week 17.

Case number 46 was ill week 15. This procedure was completed week 17.

Case number 59. The values obtained during week 15 were considered highly improbable for this person and
discarded. The procedure was completed on week 18.

Case number 36, The values obtained onweek 15 were comsidered highly improbable for this person and dis-
carded, On week 13 this person was given 100 grams of glucose instead of 50. These losses
could not be made up later.

Case number 23. The value before challenge obtained on week 16 was considered highly improbable for this
person and discarded, On week 13 this person was given 100 grams of glucose instead of 50.
This procedure was completed on week 17.

Case number 29. Replaced case number 19, the original assignee, after week 1. Week 1 procedure was com-
pleted (by accident) on week 13. Week 13 procedure was completed week 17.

Case number 08. Replaced case number 35, the original assignee, after Qeek 5. It proved impossible to

make up all the lost ground. Week 1 procedure was completed week 13. Week 3 procedure was
completed week 17. Week 13 procedure was completed week 15. Week 15 procedure was completed
week 19. Duplicates of procedures B and C (assigned to weeks 5 and 4,respectively) were never
completed.

NOTE: Letters shown in body of table refer to procedure.
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Table III. Blood glucose and urine glucose findings according to procedure used: 24 men, Milan, Phase III
A C D E F G
Case number
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Blood glucose level (mg. %) before challenge

Ol--=mm=nnn 77.5| 70.5} 99.0] 103.0| 102.0 | 113.0 | 89.0| 112.5| 80.0| 81.5| 73.5| 68.0| 69.0| 74.0] 79.0 75.0
[ 69.5] 66.5| 77.0} 67.0| 62.0| 60.5] 79.0| 58,0 60.0| 82,0| 75.0| 60.5{ 50.5) 63.0| 86.0 63.5
05-cemmnnax 74.5} 73.5] 88.5| 82.5| 55.0| 56.5( 69.0| 57.0} 58,0 75.0| 78.0] 74.5| 91.0 éO.S 76.5 67.5
08e=mmmmm=n 79.0 87.5}| 74.5 -==1 65.0 -=-=1 93,0 90.0| 89,0 88.0 95.0| 97.5] 99.5| 83.0| 75.5 71.0
10-=ammemu= 74,0 70.0) 75.0| 65.5| 64.5{ 67,0| 78.0| 48.,5| 65.0 63.0| 86.0} 67.0( 76.5] 66.0| 78.0 77.5
1lememmanan 71.0| 80.0} 63.0| 76.5{ 70.5| 64.5| 72.5( 72,5| 91.0 88.5) 82.0| 74.5] 97.0| 78.0( 89.0 90.5
20ewmemnn- 83.5| 81.5)] 78.5| 66.0| 100.5]103.5| 72.0{ 101.0} 95.0| 73.0| 82.0{111.0| 65.5| 83.0| 76.0 63,5
2l-cmmmne- 109.0 | 102.5 | 104.0 | 114.5 } 127.5 | 104,0 | 156.5 | 150.5 | 135.0 | 126.5 | 111.5 | 141.0 | 108.0 | 111.5 | 104.0 | 131.0
23-=mmrmee- 76.0 --~-1 80.51"72,51100.5} 96.0t10t,0| 78,0} 82,0} 7L.5! 97.0| 97.0 91.5{ 62.5| 89.0 92.0
26-cemmunn- 75.0| 72.0}100.5| 68.0(110.0|120.0| 92,0 | 87.5|129.5| 91.0| 97.5]|101.5 '74.5 120.5| 67.0 | 110.0
28-meemeano 78.5| 79.0( 71.0] 80.0{132,0{135.0|108.5| 104,0 ( 72.0 | 110.0 | 85.0] 72.5( 75.5( 67.0| 56.5 55.0
29--vrmeunn 65.5| 68,51 75,01 75,01 84.,0% 68,0} 90.,5| 7L.0} 71,5} 59.0{ 64.0} 70.0| 67.01 61,0} 63.5 71.0
76.5) 71.0| 70.0| 78.0] 96.5| 99.0| 93.0] 101.0| 64.0| 90.5|111,0| 87.0| 69.0| 84.5| 72.0 81.0

36mumremann 66.0| 68.5| 66.0] 69.0]102.0| 90.0|11l1.5 -=--1 79.0] 83.5] 77.0 “-=| 72,5| 84.0{ 97.5 71.5
42mcarmnenn 83.0| 86.0| 91.5! 85.5| 76.0} 66.5] 79.0| 72.0] 98.0| 87.5{ 86.5| 92.5| 89.5; 89.5} 84.0| 109.0
43emcmmnna- 78.0{ 81,5| 77.0| 79.5] 72.0| 55.0| 56.0] 62.5| 49.5| 75.0| 72.0| 57.5| 35.5| 57.5| 46.0 41.0
b4bemammmmnn 74.50 74,0 74.,0{ 79.0 65.0 65.0 | 95.5| 91.0| 78.0] 93.5| 77.0( 76.0f 76.5| 86.5| 78.0 83.0
45cacmmnnnn 81,5 79.5| 86.0] 85.0| 166.5|148.0 | 163.0| 156,5] 89.5|104.5( 95.0|100.,0| 79.0 | 71.5} 72.0 78.5
L 73.0| 83.5| 71,5| 84.0} 97.5| 78.5| 113.0] 129.0| 94.5) 99.5| 82,0 97.0| 84,0} 70.0 ( 67.0 73.5
LY R 75.0) 68,0} 70.5{ 77.5) 70.5 80.0| 76.0| 87.0| 88.5] 80.0)102.0] 79.0) 74.5| 78.5] 81.0 82.0
48mmmemmmrn 75.0} 74,0 69.0| 72.0| 55.5| 66.5] 68,0} 89.0| 79.0| 63.0| 82.5| 70.0} 57.5( 58.0| 69.5 76.0
49-mnemmmm- 74.0( 78.5| 73.,5| 70.5| 70.5| 74.0| 55.0| 79.5| 65.5| 69.0| 58.5| 64.5| 63.5| 86.0| 62.0 60.5
50-==e=nnn- 86.5] 99.01104.0] 92.0] 98.5] 87.5] 65.5]| 99.5] 69.5} 82.0)100.5} 93.07 68,0 7L.0; 81.0 76.5
59emmemmmnn 77.5| 72.0| 70.0| 80.5| 93.5|116.0| 87.0]| 104.5| 88.0| 93.0 | 101.0| 82.0| 82.0| 83.5| 74.0 85.0
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Table III. Blood glucose and urine glucose findings according to procedure used: 24 men, Milan, Phase III—Con.

A B C D E F G H

Case number

Blood glucose level (mg. %) 1 hour after challenge

Ol-ememmcen 147.0 | 126.5 | 136.0 | 100.0 | 108.0 | 111.5| 98.5] 148.5 134.5] 104.0 | 89.0/102.0 | 149.5} 96.5| 131.5| 110.0
O4mmcncecan 93,0 | 110,0 ) 66.5] 87.5} 83.5{ 91.0) 94.0] 76.0| 94,0} 82.0| 84.,0) 82.5] 90.0] 94.5] 10L.5 73.0
05m=memmm=n 72.0| 86.0| 93.5]| 72.5| 78.0| 86.5]| 77.0| 82.5 69.0] 63.5]104.5| 74.5|134.5|121.0| 86.5 86.0

115.5 | 121.5 | 109.0 -=-1140.0 ~--| 98,0 76.0| 94.0{115.0 | 92.5| 96.5|102.5| 114.0] 105.0 79.5
80,01 81.,0| 85.5| 80.0{ 99.0| 77.5{ 83.5| 94.5| 77.5| 9L.5| 76.5( 94.5|118.0} 101.5| 82.5 78.5
102.5 | 101.0{ 66.,0{ 92.0} 83.5| 89.0| 98.5| 89.0 85.0| 82.0| 97.0( 79.0(101.0] 78.5| 78.0 68.5
86.5| 84,0 111.0( 101.0 | 108.5|123.5( 83.5( 107.5 ﬁ32.0 147.5| 83.0( 89.0 | 91.0 148.0]127.5| 127.0
181.0 | 151.0 | 140.5 | 143.0 | 133.0 | 95.0 [ 149.5( 136.5| 145.0 | 150.0 | 124.5 | 148.0 | 156.5} 127.5| 131.5 | 114.0
141,5 | 109,5 | 107.5 { 114.5 [ 107.0 | 108.5 86.5| 69.0| 87.5| 87.0| 78.5|111.0{ 91.5| 122.5} 93.5 95.5

26=-=mecnn- 140.5 | 134.,0 | 114,5 | 100.0 | 100.0 { 121.0}| 86.0 | 112.0| 133.0] 121.0 | 129.0 | 129.0 | 89.0 | 130.0| 88.0 112.0
28~em-eron- 136.5 { 195.0 | 143,5 | 133,0{ 117.0 | 137.5} 107.5{ 83.5| 108.5 | 137.5 | 100.0 [ 129.5 | 113,01 151.0 ( 86.0 74.5
29---=one=- 75.0 [ 83.01{109.5| 114.0 | 107.0 | 112.0 | 102.5| 64.0| 96.5| 104.0 | 98.0| 100.5 | 84.5y 97.5| 58.5| 143.5
3Jrmmemmmae 128.0 | 86.5| 94,0 95.0| 126.0 | 143,5 100.0 | 119.0| 107.0 | 142.0 | 99.5} 115.5 | 124.5 110.0 | 125.0 | 108.5
36--m—-=-e- 137.5112.0| 81.5| 99.0] 137.0} 124.5| 110.5 ~=={197.5[ 195.5 | 150.0 ~-- 1214.0 | 183,5 | 154.0 | 148.5
42-m—vmmemm 90.0 { 105.5| 102.5] 96.0| 92.5} 85.5| 96.5| 99.5| 117.0(125.0} 125.5| 106,5 | 112.5| 136.5 | 84.5 " 108.5
43ccccnnnna 78.0 [ 110.0| 78.0| 81.0| 81.0| 64.5] 79.0| 82.0| 84.0| 86.0| 84.0| 81.0| 86.5] 85.5| 67.0 77.5
L 120.5 | 101.0 | 108.0 | 120.5 83.0 | 133.0 [ 130.5{ 104.0| 101.0 [ 109.0 | 93.0] 92.0 | 147.0| 109.5} 69.0 98.0
45ccnmnmana- 103.0 | 113,0 | 137.0 { 130.0 | 124.0 | 138.5 | 146.5 | 156.0| 140.0 | 165.5 | 142.5] 156.0 { 169.5 | 178.0 | 146.0 | 147.0
46-mmmmmcan 126.5{126,5| 125.5 | 159.5 | 104.0 | 127.0 | 128.0 | 118.0| 159.5} 165.0 | 109.0 | 137.0 [ 131.0 [ 135.0 | 131.0 [ 113.5
4levmmmcenn 88.5| 51.5| 84.5| 94.5| 80.5| 82.0{112,0[116.0| 99.0| 95.0{ 70.0| 70.5|118.5( 66.5| 94.5 81.0
48mcecmacan 108.5 | 119.5| 9L.0| 71..5( 76.0| 78.0| 94.,5] 79.0| 88.5| 62.0| 60.0} 75.0|104.0{ 80.0( 78.5 85.0
49eccvacenn 41.5|103.,5| 112.0{127.0| 95.5| 83.5| 65.5|111.5] 108.0 | 110.0 ( 63.5{113.5|106.5{ 95.5} 103.0{ 108.0
50--====-=- 85.0 1 111.0 | 118.0 [ 90.0| 117.0 | 87.0 .65.5 87.0] 75.0| 95.0(113.0| 130.0}113.0| 117.0| 110.0 80.0
59-~-cocna- 132.5 | 118.0 | 118.0 | 105.0 | 150.0 | 157.0 | 90.0 | 137.5| 148.6 { 146.5 | 108.0 | 97.5 [ 137.5( 125.5 | 111.5 | 138.0
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Table III. Blood glucose and urine glucose findings according to procedure used: 24 men, Milan, Phase III—Con.
A, B D B F G H

Case number =

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

Urine glucose 1% hours after challenge

0lewmmmmamm N N N N N N N 2+ N N N 2+ N N N N
Qbmmmumenan N N N N N N N 1+ N N N N N N N
[ N N N N N N N N N N N N N N N
08mwmmmmmmm Tr N N --- N | --- N N N N N N N N N N
10mc-memwua N N N N N N N N N N N N N N N
1leemmmnnnn N N N Tr N N N N N N N N N N
20mu==mmnn- Tr N N N N N N Tr 2+ N 2+ Tr 1+ Tr 1+
2l-emenm—— 2+ 2+ 3+ I+ 3+ 1+ 3+ 2+ 3+ 3+ 4 2+ 2+ 2+ N 2+
23--mmemmam N N N N N N Tr N N N N N N
26--m===n== N N N N N N N N N N N N N N
T 4t 4t 3+ 3+ 4t 2+ 1+ 3 4t 2+ 14+ 3+ k13 3+ 2+ 2+
29-mmmmee- N N N N N Tr N N N 1+ N N N N
[ — N N N N Tr N N N N N N N N N
36-=-~-~ - | 3+ Tr N N 3+ 2+ -—- 3+ 2+ 3+ - 2+ 3+ 2+ 3+
foucmmmnnn N Ir N 2+ Tr N Tr N 1+ 2+ i+ Tr N N
43ccmmmmmmm N 1+ Tr N N N N N N N N N N N N N
blymmmmmmnn 1+ 1+ 1+ N N 3+ 1+ 1+ 2 1+ 2+ 1+ 3+ 2+ 1+ N
45-crmmmma- N T 1+ 1+ 2 2+ 2+ 2+ 3+ 3+ 2+ 1+ 2+ 3+ 2 3+
4f=mmmmmmem 1+ Tr N Tr Tr 1+ N Tr 2+ 1+ 1+ 1+ N N
4mmmmmmmm N N N N N N N N N N N N N N N
48-mmmmmmm Tr N N N 2+ Tr N 1+ N N 1+ 2+ Tr N N
49mmmcma N N N N N N- 1+ N N N Tr N N N N
50=mmmmmmmn N N N N N N N N N N N N N N
59mmmmmmmae N N N N N N N N N N N 1+ N N

NOTES: Letters refer to procedure used (see key shown on table II).

N - negative;

tr -

trace

Numbers 1 or 2 rerer to the time (first or second) that the procedure was administered.



Table IV, Standard glucose tolerance tests: 28 men, Milan, Phases II, III, and IV

Blood glucose levels (mg. %) by time after challenge Urine glucose
Case number and test series R i 1 1k » | 3 1% hours 3 hours
hour hour hour hours hours | hours after after

challenge | challenge

Case 01

Phase 77.5 132.0 147.0 107.5 113.5 66,0 | Negative | Negative
70.5 144.0 126.5 111.0 103.5 61.0 | Negative Cme-
75.5 118.5 126.0 129.0 91.0 | 104.0 | Negative | Negative
Case 03
Phase II, l-=m-----cccrenoocmocccccercaccaan- 79.0 89.5 74,5 91.0 77.0 76.5 1+ ---
II, 2--cc-mrrcccmcceccsermm oo cccacene— 75.0 75.5 68.5 66.0 77.0 75.5 | Negative | Negative
Case 04
Phase 69.5 106.5 93.0 75.0 93.0 70.0 | Negative =
66.5 102.5 110.0 66.0 92.0 75.0 | Negative | Negative
73.5 107.5 73.5 56.5 65.5 63.5 + Trace
Case 05
Phase 74.5 81.0 72.0 80.5 65.0 76.0 | Negative | Negative
73.5 84.5 86.0 61.5 81.0 73.5 | Negative | Negative
81.0 86.0 78.5 72.0 75.0 77.0 | Negative | Negative
Case 08
Phase 87.5 114.0 121.5 99.5 127.0 | 102.5 Trace Trace
79.0 107.0 115.5 119.0 118.5 98.0 | Negative | Negative
Case 09
Phase 78.5 163.0 140.0 115.0 103.0 74.0 2+ -
80.0 123.5 149.0 145.0 114.5 96,5 2+ I+
Case 10
Phase IIl, l--r----ececwcrmcnccmccncconmanana 74.8 0 80.0 74.0 81.0 48,0 | Negative | Negative
70. 79.0 81.0 88.5 85.5 54,0 | Negative | Negative
73.0 98.0 77.5 76.0 98.0 82.0 | Negative | Negative
Case 11
Phase III, l--wcco-ccccmcccmcmanaaaaad R 71.0 89.0 102.5 94.0 .0 | Negative | Negative
80.0 94.0 101.0 - 95.0 79.0 - Negative
93.5 113.5 104.0 90.0 . 83.0 | Negative | Negative
Case 20 . .
Phase II, l-werrmc-cccocccmemmencmc oo ccecnn 86.0 124.5 125.5 122.5 88.5 .0 Trace -
11, 2--- 84.0 121.0 2.0 72.0 55.0 77.0 Trace 0
I11, l--- 83.5 112,5 86.5 100.5 88.0 68.5 | Negative ==
II1, 2--- 8l.5 117.5 84.0 95.0 68.5 69.5 Trace -—-
79.5 171.5 153.0 150.0 119.5 .3 3+ 1+
100.5 140.0 175.0 147.5 128.0 75.0 3+ -
102.0 150.0 150.0 114.5 129.5 64.5 4t 2+
109.0 152.5 181.0 151.5 148.0 94.0 2+ 1+
102.5 --- 151.0 150.0 146.0 | 130.5 2+ 2+
108.5 168.5 165.5 159.0 153.0 | 102.5 3+ 4t
Case 23 .
76.0 127.5 141.5 118.5 102.0 86.0 | Negative | Negative
- 87.0 109.5 96.0 120.5 88.5 | Negative | Negative
90.5 90.0 93.5 103.0 113.3 69.0 | Negative | Negative
Case 26
Phase 75.0 129.0 140.5 128.0 109.0 59.5{ Negative | Negative
72.0 139.0 134.0 129.0 106.0 84.5 | Negative | Negative
82.5 161.5 169.0 148.5 118.5 59.5 Trace Trace
Case 28
Phase 77. 158.0 171.5 113.0 100.0 44.5 3t -
83.5 151.0 223.0 132.0 30.5 50.5 --- 0
78.5 157.5 136.5 126.5 101.5 21.5 4t —-—
79.0 148.5 195.0 126.5 40.0 46,0 4+ 3+
79.5 149.5 180.0 198.5 154.0 48, 4+ 3+
Case 29
65.5 89.5 75.0 65.5 69.0 77.5 | Negative | Negative
68.5 99.0 83.0 103.0 73.0 68.0 | Negative | Negative
78.0 65.0 74.5 45.0 74.0 67.5| Negative | Negative
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Table IV. Standard glucose tolerance tests: 28 men, Milan, Phases II, III, and IV--Con.

Blood glucose levels (mg. %) by time after challenge Urine glucose
Case number and test series 1% hours 3 hours
howr | hos howr | hewrs | howrs | houes | 2fter after
tad 8 | challenge challenge
Case 30
Phase 77.0 77.5 83.5 85.0 78.5 82.0 | Negative -—=
78.5 118.0 99.5 100.5 82.5 54.0 | Negative | Negative
Case 31
Phase 74.0 96,0 87.0 80.5 86.0 88.0 Trace ---
81.5 63.5 75.0 98.0 79.0 63.0 |'Negative | Negative
Case 33
Phase 5 125.0 128.0 100.5 100.0 92.0 | Negative -
71.0 115.0 86.5 116.0 9. 51,5 ]| Negative | Negative
.5 149.5 115.0 90.5 94.5 71.5 | Negative | Negative
Case 36
Phase 66.0 161.5 137.5 111.0 77.0 37.5 3+ 1+
68.5 128,5 108.0 116.5 78.0 45.0 Trace Negative
Case 42
Phase 83.0 106.5 90.0 82.0 93.5 81.0 | Negative Trace
86.0 103.0 105.5 88.0 103.0§ 108.0 Trace Negative
83.5 102.5 116.5 110.5 121.0{ 106.5 } Negative | Negative
Case 43
Phase II, le-=ec-cmccccacuan mmmmmrmm—mmcemcaee 76.5 105.0 49.0 60.5 64. 68.0 | Negative ——-
11, 2-- 79.5 81.0 58.0 71.0 66.5 66.0 | Negative | Negative
1-- 78.0 103.5 78,0 70.0 84.0 67.5 | Negative | Negative
2-- 81.5 109.0 110.0 86.5 72.5 41.0 1+ -—-
- 78.5 111.0 76.0 91.5 97.5 90.5 | Negative | Negative
. 138.0 128.5 86.5 84.5 45.5 1+ .-
84.5 123.5 129.0 82.0 99.5 76.5 2+ 0
74.5 123.5 120.5 80.5 125.5 58.0 1+ Trace
74.0 94,0 101.0 75.0 67.5 | 102.0 1+ 1+
85.5 98.0 76.5 85.0 72.0 3+ 1+
81.5 80.5 103.0 104.0 87.5 47.5 | Negative | Negative
79.5 124.0 113.0 78.5 109.5 60.5 | Negative | Negative
78.0 157.5 63.5 88.0 111.5 65.5 2+ Trace
3 141.5 126.5 108.5 103.0 1.0 | Negative | Negative
83.5 152.5 126.5 114.5 100.0 53.0 1+ 1+
121.0 109.0 118.0 153.5 79.0 Trace Negative
75.0 109.0 88, 81.0 65.0 77.0 | Negative | Negative
68.0 87.0 51.5 80.5 90.5 44.0 | Negative | Negative
57.0 79.0 85 9.5 87.0 74.5 | Negative | Negative
81.0 125.0 146,0 83.0 82.5 87.5 1+ .--
81,5 129.5 112.0 82.0 83.5 90.0 Trace 0
75.0 91.5 108.5 94.5 58.0 67.0 Trace =
74.0 119.5 119.5 131.5 65.5 74.5 === 0
7 116.0 92.0 2.5 73.0 68.0 1+ Negative
74.0 102.5 41.5 82,0 81.0 36.5 | Negative —--
78.5 93.0 103.5 74.5 80.0 34.5 | Negative [ Negative
70.0 106.5 106.5 74.0 90.5 49,0 | Negative | Negative
Cage 50
86.5 95.5 85.0 71.5 84.0 73.0 | Negative -—
99.0 109.0 111.0 84.5 90.5 73.5 | Negative | Negative
97.5 143.5 90.0 102.5 71.5 ] 110.5 | Negative | Negative
Case 59 .
Phase 77.5 109.0 132.5 125.5 104.0 58.5 { Negative | Negative
72.0 120.0 118.0 103.0 99.5 87.5 | Negative | Negative
76.0 115.5 113.0 118.5 114.0 85.0 | Negative | Negative

NOTF: In these standard glucose tolerance tests each person was given a chnllange of 100 grams after an overnight fast. In Phases II and III chare was no alteration of the insti-
tutional diet. In Phase IV each person was on a high carbohydrate diet for the 8 days prior to the test.
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Table V. Carbohydrate intake within 4 hours preceding glucose challenge: 24 men,Milan, Phase III

Case number

Intake in grams

Mean Range
) e il D D bbb Lt bl 88.7 60-109
L R e e ek el 97.6 63-123
I et e L Dt L 93.9 40-159
(L et D ettt el bdebbolla bl 115.1 55-242
10==cccsmmmm e me e e o b o c e s e s e e ddsccesmmmmcsesmaoosss s e 73.1 50-110
D D et et 112.0 85-150
20 -~ m e e e e e e e e e e e e e e N eSS celCeseosseee oo 90.6 48-180
A et L L et e i 66.0 30-103
A D D el e S 8l.4 39-137
bR et L L D e it L LR LDt 94.8 19-165
Y e et e et Ll R b Lt 70.9 35-103
b i L L L 66.9 19-138
K e e L D ettt D D L Ll 108.3 79-162
36--memmmeemecmca e aeccm e oo s ese e n s st e s esemesecossdscsssscme e 64.9 25-120
L L it D 60.6 15-130
43=mmccmmamnnana- S b L D L L L L bbbl 93.8 50-139
Y e e L et b Db bbb Db bbb bbb b Lt L D LD 72.4 44-148
L D it 72.8 42-119
L et e il bbb bbbl 74.8 25-149
Ly Dt D ittt et b bt 106.1 50-159
N L et il 82.5 | 50-99
L ettt i bbb DL L b Db bt 94.9 64-127
LT i ettt e ket 106 .6 79-188
L e D et bl L 60.1 35-103
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Table VI. Clinical classification of study participants by specified tests: 24 men, Milan,

Phases 111 and 1V

Phase III Tests?

Phase IV Testsh

Case number Age Race
SGIT1 SGTT2 SGIT CGTT

O e L L L L L L P Lt 44 White 0 0 0 +
O e e 41| White 0 0 0

e e L L L LT 43| Negro 0 0 0 0
08-mmmm e e etttk 46| Negro 0 0 .- -——-
IR e L L) 47| Negro 0 0 0 0
I e bl L AL L L LT 48| Negro 0 0 0 0
20--=m-mmmm e m e mme e 44| White 0 0 ¢ 0
A e 42| White + °o + +
23— e em e cmmmemmaaaoa 41| White 0 0 0
26-mmmmmmmmmm e mcceem e 43| White 0 0 ? 0
P e L L LT 52| White 0 0 + +
2.9 ---------------------------------- 49| Negro 0 0 +
33 40| White 0 0 0 0
K e e e L EE L LT 48| White 0 0 ~-- -—-
42mmmme e ammmm——— 46| Negro 0 0 0 0
L L E L PP PP ETs 46| Negro 0 0 0 0
L L L L L L P 43| White 0 0 0 0
45mmmmm e e e e 45| White 0 0 0 +
L R D T 40| Negro 0 0 0 0
G mmm e e e 43| White 0 0 0 0
L i e DL L L L LD LR e L 42| White 0 0 0 0
B9 e e e 41] White 0 0 0 0
50=mmmmmmmmm e — e dc e em————— 41| white 0 0 0 0
R et e L L L P L e et 42 | White 0 0 0 0

Aysual diet.

bHigh carbohydrate preparatory diet.

®The response curve was above 150 mg.% at 1 hour and 110 mg.% at 2 hours and would be classified as ‘‘probable diabetic’’ by Unger.

NOTF: The SGTT (standard glucose tolerance test) and CGTT (cortisone glucose tolerance test) are defined in the text. The criteria used
are those of Fajans and Conn. For the SGTT, if the response curve was above 160 mg.% at 1 hour, 140 at 1% and 120.at 2 hours the person was
classified ‘‘diabetic’’ (+). Response curves lower than this but above 160, 135, and 110 mg.% at the same points were classified as ‘‘probable
diabetic’ (+). All others were classified as ‘*‘not diabetic’® (0). For the CGTT, levels above 160 mg.% at 1 hour and 140 mg.% at 2 hours were
classified as diabetic (+) and there was no borderline class.
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Table VII.

Heights, weights, and changes in weight: 24 men, Milan, Phase III

case e fefght tn | Infetel weignt | Tl veigne | change so wesghe
) S 68 1/2 175 175 0
Obimmmmwmmmmm—n ermemcmccomeecaan 67 1/2 186 184 -2
05-c-cememccmomcanmcacemmanan——- 67 160 163 +3
08-ccmmmommcemcemcecce————————— 69 1/2 225 228 +3
10---——cemsmmmmmmmecueaccame——— 68 164 160 -4
llevecmcmmacnnmmnamcnca— - 67 161 163 +2
20-c-c-emmmcccmcceecemcse e ———— 67 190 - -
2lemcmcmmemenemccccccccomma———— 68 1/2 160 157 -3
23enmmmcemm——ammcecme—————— 68 1/2 184 180 -4
26==c==cmemmmmmemmccemaea—————— 69 263 275 +12
28-mmmmmeme e mmma——————————— 67 1/2 177 176 -1
29mmcecmmmmmccaertca e e ——————— 68 1/2 144 142 -2
X T 70 182 184 +2
36emmmmmmmmmmmmm—cmeamm——em oo 68 1/2 150 154 +4
42emmmmicccamnnn S 69 1/2 214 217 +3
T 68 172 169 -3
bheomecnmmme e me—ccccccanan— 69 1/2 176 176 0
45emmmmmmneemm———————————— 76 180 176 -4
4fmmemommmcm et ccmcaccccaaeo 68 178 - -
P R 68 1/2 167 165 -2
48=mmmmmmmmmemmm—————————————— 66 1/2 151 145 -6
49mcccmemmmcccmcencacoancaanaa- 73 1/2 172 169 -3
50-mmmmmmmmeceemcecceecc—————— 69 1/2 173 172 -1
50mccanencmcrccnrrene—————————— 69 180 180 0
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APPENDIX |

TECHNICAL VARIABILITY OF BLOOD GLUCOSE DETERMINATION -

In any study, the reliability of measurement is an
essential ingredient. For the Milan study, all blood glu-
cose determinations were made by the laboratory of the
Diabetes Field Research Unit of the Diabetes and Ar-
thritis Branch, Division of Chronic Diseases, Bureau
of State Services, U.S. Public Health Service. This
laboratory has measured all of the blood glucose speci-
mens of the Health Examination Survey.

Blood specimens of about 3 ml. were collected
at the prison in prelabeled B-D "Vacutainers' (3204x,
formula 44) containing 30 mg. of sodium fluoride. These
were packed on ice within 3 hours of collection and
were shipped by air mail, special delivery to the labo-
ratory in Boston. Previous studies by the Health Exami-
nation Survey on the effects of handling and shipping
specimens had shown that these factors have no dis-
cernible effect on the measurement. Tests were made
in duplicate by the Somogyi-Nelson macromethod and
the results were averaged. Generally, the laboratory
work was performed the day after the specimens were
collected. During most of the study, the same two
technicians made all of the determinations, one of them
measuring specimens for case numbers 1 through 29
(it varied slightly) and the other measuring the re-
maining specimens. Thus, most of the Phase III speci-
mens for any specific study person were measured by
one laboratory technician.

There are several gauges on the reliability of
measurement during Phase III. The crudestis the weekly
average for all specimens taken before challenge. Omit-
ting case number 08, who came late into the study,
and taking the value for the replicate week in the few in-
stances where a specimen was missing for a given
week, the average level before challenge varied from
a low of 78.7 mg.% to a high of 88.7 mg.%. There was
no indication of any trend with time in this average.

Another gauge is the difference between specimens
taken a week apart on the same individual after an

overnight fast. This yielded a "within-person" standard,

deviation of 6.5 mg.%. As already noted, these two
specimens were almost always measured by the same
technician. An unknown part of the variation represents
the biological variation of fasting blood glucose levels.
The remainder is the technical variability for a single
technician in two laboratory "runs."

The third gauge is given by the various control
specimens and standards measured by each technician
as part of the routine of each laboratory "run'. These
are primarily working devices for uncovering obvious
laboratory aberrations. On the standard 100 (a concen-
tration of 100 mg.% of glucose dissolved in water),
technician A averaged 99.9 mg.% during Phase III and
techmician B averaged 99.8 mg.%. On the standard 200,
they averaged 197.3 and 198.5 mg.%, respectively. The
other laboratory controls are somewhat better indi-
cators of technical variability, On the serum control,
technician A averaged 1.12 mg.% lower than technician
B. On the blood control pool, she averaged 0.56 mg.%
higher. If half of the squared difference between meas-
urements made each week isaveraged,the figure which
results can be designated as total technician varia-
bility (within the same run). This average was 17.6 and
14.9 mg.% for blood and serum controls, respectively,
or standard deviations of 4.2 and 3.9. Besides within-
technician variability, these figures include a component
of between-technician variability and between~run vari-
ability.

This will obviously be an underestimate of tech-
nician variability. As a more accurate gauge, a series
of control specimens was introduced at the prison each
week. This was done by taking replicate specimens
in sequence from case numbers 46 and42,and relabel-
ing the blind duplicate with case numbers 12 and 14,
respectively. Since these were bonafide case numbers
used in Phase I, they could not be identified by the
laboratory technicians as control specimens. Each week
two specimens were sent to the laboratory for case
number 12 (one for before challenge and one for 1
hour after challenge) and two for case number 14.
Except for accidental losses, then, there were four
pairs of replicate specimens in each laboratory series
for a control. Because of the laboratory arrangements
in force one specimen of each pair was measured by
one technician, the replicate specimen of the pair by
the other technician. Altogether there were 53 suchcom-
parisons from Phase III,

On the average, technician A measured the speci-
mens 1.3 mg.% higher than technician B. Differences
between replicate measurements ranged from 0.0 to
15.5 mg.%. This included an unknown variability arising
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from field errors and differences in the handling of
the specimens, a slight average difference between the
level at which the two technicians customarily meas-
ured, between-technician and between-run variability,
as well as the "'pure' variability of the technicians.
The total technical variability was 5.4 mg.%. It probably
represents an overstatement of the techmnical vari-
ability in our study comparison, since in most cases
the same technician measured nearly all the specimens
from a specific examinee., The set of specimens
averaged quite close to a level of 100 mg.%. For the
specimens taken after challenge, the variability was
greater than for the specimens taken before challenge,
which accords with the usual experience thattechnician
variability rises with the level of the specimen meas-
ured. The set of blind replicates which are most com-
parable in general level with the regular laboratory
controls were those taken 1 hour after challenge from
case number 46. These yield a figure of 6.6 mg.% as
compared with an estimate from the laboratory control
specimens of 4.0 mg.%.

Another series of blind replicates was obtained
(from other specimens) by running aliquots from 25
specimens on an autoanalyzer at Ann Arbor to com-
pare with regular determinations made at Boston during
weeks 6-9 of Phase IIl. Besides showing that the auto-
analyzer measured blood glucose concentration an
average of 2.4 mg.% higher than did the technicians at
the Boston laboratory, this comparison showed that
during those weeks technician A was measuring 4.25
mg.% higher than technician B. The regular series of
blind replicates for the same 4 weeks (an entirely
different series of specimens) indicated an average
technician difference of 4.23 mg.%. The almost exact
agreement is, of course, quite accidental, but it does
argue for the reliability of the control series intro-
duced into the trials,

One final gauge may be mentioned. As an experi-
ment, aliquots were drawn from one of the study parti-
cipants (case number 59) during the course of Phase III,
They were given a dummy case number (13), frozen,
and retained frozen until after the study was completed.
Twelve weeks after the end of Phase Il they were thawed
and shipped to the Boston laboratory for determination.

If this process introduced no serious artifacts into the
measurement, this series might uncover any laboratory
drift that might have occurred during the study. All
told, there were 24 specimens in this series (a pair
of specimens for each of 12 weeks in Phase III).
Twenty-two of these specimens were measured by the
same technician (techmician A) both on the original
aliquot and the frozen aliquot,

For all specimens, except those for weeks 3,4,
and 14, the determinations on the frozen aliquots were
higher than the original determinations. For 7 of the
12 weeks, the average difference between the original
pair of determinations and the subsequent pair was less
than 3 mg.%. The average difference was larger than
this only for weeks 3, 4, 6, and 7, the largest being
for week 7—8.25 mg.%. Admittedly, these data will not
support a heavy load of inference but at the very least
they can be said togive noevidence of a laboratory drift
during Phase III,

If the differences between the original and frozen
specimens can be regarded as representing the varia-
bility of technician A over the entire period of Phase
111, the number to assign to thatvariabilityis 5.0 mg.%.
The average level of these specimens is 113.6 mg.%.

It is possible to summarize the various indices of
technical variability as follows, There are twomeasures -
of within-technician between-run variability, that from
the fasting specimens for the same person and that
from the frozen aliquots. The first standard deviation
is 6.5 mg.% and the second is 5.0 mg.%. Since the first
measure also includes a component arising from bio-
logical variation, it probably is an overstatement of the
technical variability. Then there are the measures of
variability from the control specimens and the blind
replicates, While these came from measurements done
the same week, they were derived from different labo-
ratory runs and in addition include variation arising
from technician differences. The first was 4.0 mg.%
and the second 5.4 mg.%. It should be reiterated that
in most instances specimens for the same person were
measured by one technician through all of Phase III,

It seems reasonable to conclude from all the evi-
dence that the effective technical variation for Phase
III did not exceed 5 mg.%.
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APPENDIX 1l

NOTES ON THE STATISTICS

The chief focus ot the study was Phase III. During
Phase III, each of 24 persons had each of 8 procedures
performed in duplicate. Thus for any one procedure X,
‘there will be two measures of blood sugar levels at 1
hour after challenge, x, and x,,.

x; + %, has a variance (x; - x2)2 = d2

For one procedure undertaken on one person, X,

and X, may be considered as statistically independent
from y, and y, from any other procedure Y yielding

blood glucose values for the same person.

The symmetry of these experimental arrangements
leads to the nice result that comparing procedures for
each person and pooling the results is exactly the same
as comparing the mean levels for all 24 persons. Hence
if X and § are the mean blood glucose levels for pro-

cedures X and Y then g{ ~ Y has a Student's -t distri-
X,y
bution with 48 degrees of freedom, where S}f{, _ =
2 o 2 2 d2 Y
SZ+SZ. S_is, of course,2 i, whered = x - x
Xy X (2n)2 1 2

for any one person and n is the number of persons,

In general, SSZ is the value given in table 2 divided by

1/
(48)".

This test amounts to a comparison of differences
between procedures against the "within-person, within-
procedure' variability. An alternative procedure is to
compare the average difference between procedures
against the "between-person, between-procedure' vari-
ability. For this purpose, form the statistic (x, + %) -

(y1 + y,) = p for eachpersonand compute the average
of these values p for 4ll 24 persons and the variance

-2
o (@ - P

of these values S;) = where n is the number

of persons., Test, then, to see whether — P i

<s;/n)1/ 2

significantly different from zero, using Student's -t

distribution with 23 degrees of freedom. This was the
procedure used for testing the urine glucose values.
It was not used in testing blood glucose values, although
it is a procedure that many analysts would prefer.

The procedure used for testing differences inblood
glucose levels is specially vulnerable to the situation
where a few persons show large differences while most
persons show almost none. To check against this possi-
bility, a sign test was used. Thus, where procedure X
was being compared with procedure Y, (x; + x,) -

(y; + y,) will either be positive or negative. If 24
persons are compared, the null hypothesis calls for
12 differences to be positive. If 17 or more are posi-
tive, there are more positive values than would be
expected by chance. Here, as elsewhere, tests are
made at a level of 5%. In this instance, the test will
always be a one-sided test, since it is intended as a
check on conclusions already drawn from a test of

differences in means.
The rank correlation computed in the text is the

one proposed by Spearman, If X; is the rank of the iE

person under procedure X and A is his rank under
szdig

procedure Y and di:Xi -V thenr = 1t - " |
n° - n

where n is the number of persons. r has the approxi -

2
1 -

. 2
mate variance of S = -

and_sll isdistributed
as Student's - t with n - 2 degrees of freedom, The
test is a one-sided one.

Another test performed was for differences between
variances. For this purpose a rough approximation was
used by first computing the pooled variances for each
person and testing these for homogeneity between
persons and then performing a similar test for the
pooled variance for each procedure. The statistic used
was Hartley's M-statistic which is tabled in the Bio-
metrika Tables for Statisticians, Volume I,

Two minor issues merit consideration. The first
is the handling missing data. There were 5 occasions
where a replicate measurement was not available for
blood glucose levels before challenge and 4 where a
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replicate measurement was not available for blood glu~
cose levels after challenge. These are, of course, trivial
omissions. In these cases the internal variance can be
estimated to be the same as the average for the other
persons tested by the specified procedure and all
tests can be performed as if the missing information
was present. In no case was the actual number of de-
grees of freedom less than 23 for any procedure and
except for borderline tests the effect of assuming 24
degrees of freedom is negligible.

The second minor issue is the handling of abnormal
data. There are several instances where the blood glu-
cose level reported seemed unlikely for the person
and the circumstances. There is no really satisfactory
way of dealing with such cases. In general the best
solution is to accept the data. But there are occasions
when it seems completely inadmissible to accept the
data. There were five such specimens in our series.
Specifically:

In week 16, the fasting blood glucose for case
number 23 was reported as 149.0 mg.%. This value was
discarded and not replaced. In the 15 other cases where
a blood specimen was taken before challenge from this
person the level ranged from 62.5 to 101.0. The three
other fasting specimens for this person were 72.5,
80.5, and 76.0 mg.%.

In week 15, case number 36 gave a fasting blood
sugar level of 140.0 mg.% and a value 1 hour after

challenge of 59.5 mg.%. These values were both dis-
carded and not replaced. Both values are outside the
range of other comparable values for this person and
are very different from the paired values in week 16,
It seems likely that their labels were reversed.

In week 15, case number 59 had values before and
after challenge of 146.5 and 78.5 mg.%, respectively.
Blind replicates for these same specimens were 144.0
and 83.5 mg.%. These values are both discarded for
the same reasons as in the preceding case. The pro-
cedure in question was repeated on this person in
week 18 and the results from this are used as replace-
ments,

One last comment is in order. The study called
for each person to be submitted successively to all
factors under study. The major breach in this design
was to divide the study participants into breakfast and
lunch groups,with the expectation that varying the cir-
cumstances of challenge after breakfast would have the
same effect as varying them after lunch. The results
did not bear out these expectations. .

It is always difficult to decide whether it is pref-
erable to be able to make a limited statement with
great assurance or to attempt to learn more at the
risk of decreased precision. In this instance, more
information was obtained than a rigid design would
have allowed at the cost of a serious loss in neatness.
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