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Summary. 160 women and 133 men over 50 were
chosen for the experiment. They were divided into three
age groups. In order to study a group of subjects who
were normal for their age, caution was taken to discard
known overt diabetics and to avoid any interfering factor
that might influence glucose tolerance. The results are
expressed by the median and the 5th and 95th percen-
tiles. The median increases progressively with age. There
is & highly significant difference between subjects over
and under 65, but none between sexes. The 5th percen-
tile varies very little whereas the 95th percentile shows
a large increase. This is more evident in women than in
men. This would indicate an increased prevalence of
diabetes with age rather than a general reduction of glu-
cose tolerance. The therapeutic problems are discussed. —

Influence de U'dge sur Iépreuve d’hyperglycémie par ad-
manistration orale de 50 g de glucose

Résumé. L’expérimentation porte sur 160 femmes et
133 hommes de plus de 50 ans répartis en 3 classes d’age.
L’étude d’une population dgée normale a néecessité 'ex-
clusion des diabétiques avérés et de tout facteur diabéto-
géne possible. Les résultats sont exprimés par la médiane
ot les percentiles 5 et 95. La médiane augmente progres-
sivement avec 'dge; la différence entre les sujets de plus
et de moins de 65 ans est hautement significative, sans
variation statistique entre les sexes. Le percentile 5 évolue
trés peu, par contre on observe une augmentation im-

The oral glucose tolerance test (0.G.T.T.) remains
the best and the most convenient test for the diagnosis
of diabetes mellitus in subjects without fasting hyper-
glycaemia [33]. Differences in techniques, absence of
caution in avoiding interfering factors and difficulty
in establishing normal limits have led to some confu-
sion in the interpretation of the test. Conditions re-
commended for the conduct of the test [40] and criteria
of normality for the different methods are now available
[17]. These criteria, however, are open to criticism:
distinetion between normal subjects and chemical
diabetics [38] remains arbitrary [8, 9], and progressive
reduction of carbohydrate tolerance with advancing
age [1, 2, 3, 4, 7, 10, 11, 14, 17, 20, 21, 22, 23, 25, 37,
39, 43, 44, 45, 46, 47, 49, 50] is not taken into
account. This reduction of carbohydrate tolerance
with age appears to some authors to be so general,
that they think it reasonable to make the criteria of
normality age-dependent [4, 7, 22, 37, 49].

The aim of this study is twofold:

1. How far does glucose tolerance decrease with age
in a normal population ?

portante des valeurs du percentile 95; cet aspect est plus
marqué chez les fernmes. Ces données démontreraient une
fréquence croissante du diabéte avec I’dge plutdét qu’une
diminution générale de la tolérance au glucose. L’impli-
cation thérapeutique est discutée.

Beeinflussung der oralen Qlucosebelastung (mit 50 g Glu-
cose) durch das Alter

Zusammenfassung. Die Untersuchung bezog sich auf
160 Frauen und 133 Méanner iiber 50, verteilt auf drei
Altersgruppen. Um ein normales Bevolkerungsmuster zu
untersuchen, wurden bekannte, manifeste Diabetiker und
Patienten mit diabetischer Veranlagung ausgeschlossen.
Die Resultate wurden ausgedriickt in Medianen und den
Perzentilen 5 und 95. Der Median steigt allméahlich mit
dem Alter. Es existiert ein hoch signifikanter Unterschied
zwischen den Altersklassen iiber und unter 65, aber nicht
zwischen beiden Geschlechtern. Das Perzentil 5 schwankt
wenig, das Perzentil 95 hingegen steigt stark. Dies ist
ausgesprochener bei Frauen als bei Ménnern der Fall.
Dieses wiirde dann eher eine steigende Frequenz des Dia-
betes mit dem Alter bedeuten, als eine allgemein verrin-
gerte Glucosetoleranz. Die therapeutische Bedeutung
wird besprochen.

Key-words: Diabetes, chemical diabetes, glucose to-
lerance, aging and glucose tolerance, plasma glucose dis-
tribution, plasma glucose normal limits.

2. To what extent is this phenomenon physiologi-

cal ?
Material and Methods

293 subjects, 160 women and 133 men over 50,
were chosen for the study. They were divided into
three age groups: 50 to 64, 65 to 79, 80 and over
(Table). The youngest group was recruited among
factory workers and the other two from an old people’s
home. -

Table. Age and sex distribution of the subjects

A 50— 64 65—179 >80 total

M 48 54 31 133

F 52 51 57 160
100 105 88 293

Known diabetics were. excluded from the study.
The incidence of overt diabetes in the population from
which our subjects were selected was estimated at
4.0%, 9.0%, and 8.69%, for the men and 5.4%, 13.0%,
12.0%, for the women in each age group respectively.
Before our study, all the subjects had had yearly



J.P. Lauvaux and M. Staquet: The Oral Glucose Tolerance Test

check-ups, including enzymatic tests for postprandial
glucosuria or determination of the fasting blood glu-
cose. None of them had a positive glycosuria or a
fasting blood sugar higher than 105 mg/100 ml [whole
blood, Technicon autoanalyser, Method of Hoffman,
W. S. [24]]. They had no acute disease nor had they
any chronic impairment of liver or kidney funection,
and they were not taking drugs that might influence
carbohydrate metabolism. Most of these persons were
within normal limits of ideal body weight; 9.29, had
109, of ideal body weight in excess, 139, presented a
mean excess of 25%, and only 1.3%, weighed 109 less
than their ideal body weight (18). All but a few
subjects were normally active. The factory workers
obviously had regular physical exercise, but so also did
most of the older persons, who were walking around
or going out every day. Only 10.39%, of the subjects of
the two older groups were more or less confined to a
chair. These last patients, however, received regular
physiotherapy. Family histories of diabetes were not
noted because of the difficulty subjects might have in
recalling the facts with certainty.

The subjects received a standard O.G.T.T. (50 g
glucose in 200 ml water). They were given a diet with
a sufficient amount of carbohydrate (200 to 250 g
minimum) during the preceding days. The test was
performed after an overnight fast, and the patients
rested in bed throughout. Blood samples were collected
from a forearm vein before the administration of glu-
cose and 30, 60, 90 and 120 min after it.

The determination of the plasma glucose levels was
made by the method of Hoffman [24] adapted to the
Technicon Autoanalyzer. The conventional normal
values of the O.G.T.T. obtained with the same method
as ours, but with the use of whole blood, are, according
to Fitzgerald and Keen [16] 160 mg/100 ml for the peak
and 110 mg/100 ml for the two hour value. The con-
version factor being blood glucose concentration =
0.89 plasma glucose concentration [31], these values
become 179 and 123 mg/100 ml.

The precision of the method was assessed by dupli-
cate measurements of glucose concentration on the
same plasma in eleven patients at two levels: less than
150 mg/100 ml and more than 150 mg/100 ml. The
coefficients of variation were 0.679%, for the low value
and 2.959, for the high value. The results were analy-
zed by an I.B.M. 7040 computer.

Results

The plasma glucose distribution was examined by
means of histograms for both sexes, for the three age
groups and for each point of the 0.G.T.T.

Most of the curves had a long tail to the right and
could be said to be positively skewed (Figs. 1 and 2),
and several showed too many values grouped together
near the mean and could be described as leptocurtie,
as indicated by computation of the third and fourth
moment about the mean.
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Since the distribution did not show a normal
pattern, the conventional statistical analysis was not
valid. Consequently the usual method of computing
means and standard deviations to assess normal limits,
was replaced by the median and percentile values.
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Fig. 1. Histograms of the two-hour plasma glucose value

for males in the three age groups. The dotted line sepa-

rates the curves at the conventional limit of normality.

It will be noticed that there is no natural division at this
or any other line

08y-
06t A=50-64
04~
g 021 .
‘8 _1——-|
g 0
o 06
2 ol A=65-79
£y
(5] e
I ]
8 06~
£ A =80
2 04
02 ,———
O T L I} 1 1
50 100 150 200 250 300

9 2hr Plasma Glucose (mg /100 ml)

Fig. 2. As in Fig. 1 but for females

Sex-specific 0.G.T.T.

Fig. 3 shows the median for both sexes, irrespective
of age. The two curves are very similar up to the 60th
min, when the peak is reached. The decrease thereafter
seems faster in men. However, no significant difference
was found at any time between the two groups (median
test).

Age-specific 0.G.T.T.

As seen in Fig. 4, which gives the median values,
there is a clear-cut difference. between the curves for
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subjects above 65 years and that for subjects under
this age. The peak in the youngest group is reached at
the 30th min, whereas this occurs only at the 60th min
in the older groups. Afterwards the decrease is steeper
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Fig. 3. Median curves of males and females irrespective
of age
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Fig. 4. Median curves in the three age groups irrespective
of sex
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Fig. 5. Male’s 5th percentile, median and 95th percentile
curves in the three age groups

under 65, in sharp contrast with the slope of the curves
of the older subjects. Statistical analysis shows a
highly significant difference (p<<0.001) between sub-
jects over and under 65 at 90 and 120 min (median
test).

Age- and sex-specific 0.G.T.T.

Figs. 5 and 6 show the difference between the six
groups, pointing out the progressive impairment of the
0.G.T.T. with advancing age. There is again no signifi-
cant difference between sexes in each age group (median
test).
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Dispersion. of the values, as estimated by the 5th
and 95th percentiles, is greater in women than in men,
and in each sex it increases as the subjects become
older.
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Fig. 6. As in Fig. 5 but for females

Discussion
When does glucose tolerance start to be abnormal

The delineation between normal subjects, chemical
diabetics and overt diabetics is quite arbitrary. The
normal limits are usually established by computation
of means and standard deviations [19, 28, 33], or by
validation of the chosen criteria based on the study of
the number of values above and below the adopted
limits recorded among subjects with and without a
family history of diabetes [13, 15].

Our own results (Figs. 1 and 2) like those already
published [2, 8], do not show bimodality, and therefore
do not permit a clear-cut separation between normal
subjects and diabetics. It thus seems impossible to
assess the magnitude of type 1 (false positive) and
type 2 (false negative) errors.

Figs. 1 and 2 clearly show that any dividing line
between ‘‘normality” and ‘“diabetes” can only be
conventional. In this matter, as in so many other bio-
logical conditions such as hypertension [36], there is no
sharp division between normal and abnormal.

Two facts however must be borne in mind:

1. The existence of the clinical entity of overt dia-
betes with all its complications.

2. The frequent transformation of chemical diabetes
into overt diabetes [13, 15, 34, 51]. Both justify the use
of an arbitrary limit.

_The only way to find the best dividing line is a
prospective study like that carried out by O’Sullivan
[34].

This can be done with young subjects, less easily
with older ones, and certainly not with a very old
population because of its shorter life expectancy.

Decrease of glucose tolerance with age.

Although in our selected material the subjects
could be classified in advance as ““normal”, this study
confirms the decrease of glucose tolerance with ad-
vancing age. No significant difference between sexes
was found. This is in agreement with other authors
[10, 21]. Only increasing age can explain the decrease in
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glucose tolerance in our sample; for sufficient intake of
carbohydrate during the days preceding the test was
assured; there were only a few cases of obesity and
these were not outstanding; no disease was present,
and no drugs were taken, that in either case was likely
to alter the glucose tolerance, and there was sufficient
physical activity. This last factor could not have in-
fluenced the results of the first group which was com-
posed of very active persons, and which, however,
already showed impairment of glucose tolerance. In
the older groups, too few subjects had decreased
activity for this to have influenced the results; and,
moreover, this factor might have been overemphasized
[10, 23]. Furthermore, it is a more or less normal fea-
ture of aging [49].

A general trend or a segregation of diabetics with
advancing age?

Figs. 5 and 6 show that the increase of the value
of the 5th percentile with age is not very marked and
contrasts with a more pronounced increase of that of
the 95th percentile. This also appears in Fig. 7, which
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Fig. 7. Regression lines with age of the O.G.T.T. two-
hour plasma glucose value for the 5th percentile, the
median and the 95th percentile

shows the regression lines of the O.G.T.T.two-hour
value with age for the 5th percentile, the median and
the 95th percentile. The 5th percentile and the median
regression lines are almost parallel, whereas that of the
95th percentile diverges, following a steeper slope.
This is more evident in women than in men. The same
phenomenon was already apparent in Figs. 1 and 2,
which show the histograms of the two-hour plasma
glucose value in both sexes at the different ages. It
will be seen that as age advances, higher values tend
to occur for the first time or with an increasing fre-
quency, the very low values tend to disappear and the
low values decrease in frequency. The extension of the
two-hour plasma glucose to higher values is greater and
seems more significant, however, than its recession
from lower values.

This means that plasma glucose tends to rise with
age, but that the rate of the rise is greater in some
subjects than in others. These facts could be due to a
reduced tissue permeability for glucose occurring with
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aging, as is suggested by the response to intravenous
glucose and to intravenous insulin [3, 44].

Aging seems a diabetogenic factor to which indi-
viduals adapt themselves to different degrees. A
proportion of the population maintains a fairly good
glucose telerance even after 80, whereas the remainder
becomes more and more hyperglycaemic with glucose
tolerance curves typical of chemical or even of overt
diabetes.

The shift to a high blood glucose value with age
might be interpreted as resulting from a slight decrease
of glucose tolerance in all subjects plus a tremendous
development of diabetes in many of them. This fits
with the well-known increased prevalence of overt
diabetes in old age [26, 35, 41]. The absence of any
difference between sexes as judged by the median
curves, but the greater dispersion of the high values
among women as seen by the 95th percentile [Figs. 5,
6, 7), is in keeping with the higher frequency of ma-
turity-onset diabetes in the female sex [26].

Practical remarks

The question is: should old patients with borderline
diabetes be treated and how % [27]

Although the eventual risk of a subject with chemi-
cal diabetes developing overt diabetes in time varies
greatly with the severity of the criteria used [34], this
risk remains serious [13, 15, 34, 51]. With regard to
this danger, the discovery of a chemical diabetes,
however, is evidently less significant in old people than
in young ones.

Another risk is the increased frequency of cardio-
vascular diseases among chemical diabetics reported in
several studies [8, 27, 35]. Even if this fact, which is
not universally admitted [11, 42], is true, nobody
knows at what level elevated blood glucose becomes
harmful [27].

For these reasons, before deciding to treat elderly
patients having an abnormal 0.G.T.T., it seems wise
first to retest their blood sugar two hours after one of
their usual meals containing starch. Indeed, the blood
glucose curve in young subjects is approximately the
same whether the carbohydrate load is glucose or
starch, whereas in old people glucose is far less well
tolerated than the same amount of starch [49].

Finally, if a therapeutic decision has to be taken,
it should only be a dietetic one in most cases, especially
among older patients, since too energetic treatments
with sulphonylureas might be more harmful than
beneficial [29, 30]. However, biguanides not liable to
induce hypoglycaemia, might be used without danger.
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