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THE RELATION OF ORAL GLUCOSE TOLERANCE TO AGE AND SEX IN THE JAPANESE
HIROSHIMA

BAARAALDUYIBONBEETEBRABALERSSIUVHELORER

INTRODUCTION

In the light of recent reports on the important association
between carbohydrate intolerance and atherosclerosis,l-2
an analysis of glucose tolerance findings in a population
sample which is under general medical surveillance is
important both for providing an estimate of the expected
range of response for the population under study, as well
as for characterizing the population with regard to the
patterns of response to glucose loading. Recent studies of
glucose tolerance in large groups of persons not known to
have diabetes or overt carbohydrate intolerance have
demonstrated the importance of the variables of age, sex
and the proximity of the kst meal in modifying the level
of blood glucose 1 hour after the oral ingestion of a glucdse
load.** The implication derived from such studies is that
eriteria for the diagnosis of diabetes mellitus which do not
specifically include a consideration of these other variables
will be inaccurate and possibly misleading.

This report describes the influence of age, sex and other
factors on blood glucose levels, one hour after 50g of glucose
loading, in a sample of Japanese free of known diabetes or
overt carbohydrate intolerance.

MATERIALS AND METHODS

Study Population The population sample which is
examined in the ABCC-JNIH Adult Health Study® consists
of nearly 20,000 persons who were living in the cities of
Hiroshima or Nagasaki on 1 October 1950, and comprises
a large group who were exposed to the atomic bombs,
together with comparison groups, selected within each city
s0 as to match the exposed group by age and sex. While
the survivors of the atomic bomb clearly can not be re-
garded as a representative sample of the Japanese popu-
lation, the comparison groups consisting of persons who
were beyond 3000m from the hypocenter, or not in the
cities at the time of the bombs {ATB) more nearly approach
this status within any given age-sex category. Therefore,
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whenever systematic differences are not detected between
persons comprising the various exposure categories, it is
not unreasonable to interpret any age-sex specific response
under investigation as approximating that which might be
found in a representative sample of the general population.

The clinic examination of the Adult Health Study sample
has been in operation since 1958. Scheduling of subjects
is arranged so that each month a representative portion of
the sample is contacted for a clinic appeintment, the
entire sample being scheduled for examination once every
2 years. Because of this method of scheduling, results
from any combination of months should be approximately
representative of the entire sample. The data reported
here concern those seen in the Hiroshima clinic between
12 April 1965 and 12 October 1965, a group which com-
prises about one fourth of the surviving Hiroshima cohort.
It should be emphasized that, although approximately half
of the persons under study were proximally exposed to the
atomic bomb, the surviving sample members are nonetheless
generally healthy persons, who voluntarily come for a
physical examination every 2 years. All persons in the
sample are now over 20 years of age.

During the period reported on, 80 % of the original sample
were seen in the clinie. This rate of participation has
been fairly stable over the past 8 years. If those who
have died or migrated from the city are excluded from
the denominator, nearly 88 % were seen. These propor-
tions were quite consistent for each sex, for each of the
6 months involved and ameng all categories of atomic
homb exposure as well as for the nonexposed. The partici-
pation rates were also consistent for all ages over 30 years,
but were lower for those who were under 30 at the time
of scheduvled examination. This was partly due to the
larger proportion of migrants in that age category, but the
refusal rate was slightly higher also. Among males under
30 years of age, 59% of the total and 79% of those
available were examined. Among females in this age
category, 69% of the total and 829% of those available
were seen.

The number of persons examined is shown in Table 1 by
age, sex, diabetic status, and whether or not the glucose
challenge test was successfully completed. Although only
about 60% of the male clinic visitors received a glucose
test, the bulk of those for whom glucose challenge data are
not available were examined in the night clinic, which is
held once a week for those who are unable to come during
the day. Glucose tolerance testing was not routinely
performed at this night clinic, for technical reasons. Of
males examined during the day, 77% were successfully
tested. Those not tested include persons who refused
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TABLE 1 CLINIC POPULATION SEEN APRIL -OCTOBER 1965, HIROSHIMA
#1 1965F4BEV0AETCORBER, KB

Diabetic MR % Nondiabetic JERERPE
Age Total Nkt
£k it Tg‘:;d Tested Cl’igni c Refusal  Tested Total

Kigd ®BEE  HMBE BT -2 £ B3

Male %
<30 68 0 1 25 9 33 67
30-39 231 2 4 94 26 105 225
40-49 118 1 B 36 21 52 109
50-59 173 5 18 44 17 89 150
60-69 194 8 28 19 42 97 158
70+ 72 0 16 |3 14 37 56
Total # 856 16 75 223 129 413 765
Female %

<30 108 0 0 19 15 4 108
30-39 348 0 3 36 55 254 345
40.49 355 1 11 40 48 255 343
50-69 302 2 11 26 59 204 298
6069 296 1 19 11 55 210 276
0+ 104 0 3 B 25 71 101
Total it 1513 4 47 137 257 1068 1462

either the glucose challenge or who refused to allow blood
to be drawn. Also included in this group are those whose
glucose values were discarded because the blood sample
was not taken within the allowable time limits. The data
on females are more complete. Of the total clinic popu-
lation, 74 % were examined, while 81 % of the day clinic
total have data available.

The possible effect of differential participation rates is
difficult to assess. It is encouraging that the proportion
of nonresponse is similar for a number of stratifications
which were examined. The largest differences in
nonresponse rates are between age groups and, to a lesser
extent, sex categories. These differences were not,
however, completely systematic, and there is no reason to
suppose that those who were not tested would display
response patterns to glucose challenge systematically
different from the examined portion of the sample.

Records were reviewed on all those diagnosed as having
diabetes mellitus either on a previous clinic visit or at the
present visit. In addition, all persons thought to be free
of diabetes but who had 1-hour glucose challenge values
over 180mg/100ml were reevaluated for the possible
presence of a form of carbohydrate intolerance.

3. oS EEE LAY, ROZEAXEN &0
3. ZOBIEHBEMANCELAfTEbREr oL
AHChEEAEHSAEZELED L. TIO2VTO
BEEHIRL - EEETHE. BEBE0HISUBIREEL
ZHTHN, BREZELEHOBB 2V THEBFAF
ahi=.

BEFSHAROBLEH TP L2 BEFETE2%
M3 2L HHAETHS. HREF V2P ZHFEL
THRFEMAAER. BHOKRBOMUEGIAE 2 EF
BHShAEP LRI EREFEVTHES L. KBRBEOEEE
BiAELEFEDSSNIONE, EFHRBRALCECTTH
N, KnTHALMNOENILAEW. LrLids, Zhb
NER=LIIREMRLIOTREL., ZOF X TILFD
FBREBILFILIBEFRIEY, ERELEREMLZE
Rt AL LELZFBARLZW.

BEFARABDOBECHER LB EALELRAIID
WTRGFRF LA X510, BREREILEVEEHNS
., Ko sbAE e 1w M A A°180mg /100pg L L2
SRR LT. FREHFREOERII >V TER
L=



Clinic and Laboratory Procedure All persons visiting
the clinic during the day are offered an oral glucose
challenge consisting of 50 g of glucose in an aqueous,
orange-flavored vehicle. All challenges are performed
between 8:45 and 10:30 AM and between 1:00 and
2:30 PM, and are therefore presumably within 4 hours of
a meal. No preparatory diet is used, but it should be
noted that the average Japanese diet exceeds 250 mg of
carbohydrate per day. The time of glucose ingestion is
recorded and venipunctures are performed between 55 and
70 minutes later. The venous blood is collected in tubes
containing sodium fluoride and refrigerated.

Blood glucose concentrations are determined by use of
the Technicon Autoanalyser method. Replicate determi-
nations made on the Autoanalyser over a period of 3 months
with the same serum pool resulted in a standard deviation
of measurement of 2.4mg/100ml. The coefficient of
variation for.these data is about 0.02. Thus the variation
due to technical imprecision contributed a negligible amount
to the overall variability.

RESULTS

Linear Age-Dependence of Response The percentage
distributions of 1-hour blood glicose response among
nondiabetics are shown in Figure 1, separately by sex and
age decade. The abscissa value marked X on each graph
indicates the observed mean of the distribution. The points
marked L and U are tolerance limits, which will be
discussed later.

It can be seen that the mean glucose values for both males
and females steadily increase with age and are about 30 to
35 mg/100 ml higher at age 75 than at age 25. Furthermore,
this increase in the mean values appears to be linear over
the entire age range considered, suggesting that regression
techniques should provide adequate descriptive summari-
zation of the data, -

It was noted that the variance of the distributions also
increases approximately linearly with age. This finding
was not unexpected, inasmuch as the data of Hayner et al*
showed similar tendencies when challenges were given
within 4 hours of a meal. Figure 2 shows a plot of
variances versus age for 10-year age groupings for boeth
the present data and those of Hayner et al* -

In view of the marked increase in the variance of the
response with age, some modification of the usual regres-
sion procedure is needed. Because of the dependence of
the variance on the value of the independent variable as
well as the apparent mild skewness in the distributions,
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FIGURE 1 DISTRIBUTION OF 1- HOUR BLCOD GLUCOSE VALUES BY AGE AND SEX
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FIGURE 2 CHANGE IN THE VARIANCE OF 1-HOUR BLOOD GLUCOSE VALUES WITH AGE
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*Sum of the squared differences from the mean for the
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taking the square root or logarithm of the glucose values
before fitting the regression line might yield the most
accurate results® However, the degree of skewness is
not marked and the benefits derived from transforming
the data would be small compared to the possible loss of
linearity and the complications of interpretation introduced.
Fortunately, another technique is available which should
ke entirely adequate for present purposes.

1f one specifically assumes a linear dependence between
the response variance and the independent variable in a
linear model, then a weighted regression is called for, in
which the weights are the reciprocals of the valves of the
independent variable (age, in this case)’ Regression
lines were calculated using this weighting scheme and are
shown, separately for males and females in Figures 3 and
4. The equations of the fitted lines are:

male 5 y=120.2 + 0.645 (x
female #r y =121.8 + 0.556 (x

where x represents age in years and y is the expected
i-hour glucose response for persons of age x. These lines
are uniformly within 3 mg/100 ml of unweighted regression
lines fit to the same data. The principal consequence of
the assumptions made will be the effect on inferemces
concerning the ‘normal range’ of variation.

corresponding age and sex class
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FIGURE 3 REGRESSION LINE OF 1-HOUR GLUCOSE
RESPONSE BY AGE AND %5 % TOLERANCE LIMITS
FOR 80 % OF POPULATION , MALE .
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The slopes of both lines are significantly different from
zero and indicate an increase in average response of
6.45 mg/100 ml and 5.56 mg/100 ml per decade of age for
males and females, respectively. Though the difference
between the slopes is not statistically significant, the
response among males is significantly higher than that
among females. No attempt has been made to combine the
data for the two sexes. The difference between the fitted
lines increases from 4.9mg/100ml at age 25 to 9.4mg/100ml
at age 75.

Range of ‘Normal’ Values One of the purposes of the
present study was to define in some objective manner the
‘normal’ range of 1-hour blood glucose levels in the clinic
population after a 50 g glucose challenge. An appropriate
statistical tachnique for accomplishing this is to set ‘tolerance
limits™* ahout the fitted regression line, based on the
observed data.®

For this study, 95% tolerance curves for 90% of the
population have been calculated and are plotted in Figures
1,3, and 4. The upper U and lower L limits are
interpreted as enclosing at least 90% of the universe of

FIGURE 4 REGRESSION LINE OF 1-HOUR GLUCOSE
RESPONSE BY AGE AND 95% TOLERANCE LIMITS
FOR 90% OF POPULATION , FEMALE
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W% i+ 5B5%FRMA, Kt

10 20'30 % ! ! I
e e

777 Diagnosis of dizbetes 47
R

Nondiabetics. 1068

One-hour glucose value 1 ¢ 1 I 85 5

100 - IF AR I y
50 .
0 | | | ] l
25 35 45 55 65 75

Age

2OoNKROYEE, Yot lHBECEATEY ., T
LTEBE T L ELXE W FN6.45mg/10008 & & U
5.56mg /100pe - FoDMMERT. 2 >0TROMOAEL,
HEAMIRAER TR, BEBCEGIREE, o
BEOZALIWES A IIE. BX0BH243T 5382
Wi abhidok., STHRDEBEOMOEL, £5H25
BRIl 4.9mg /1008 CH - B A, EMTOEEEIC O.4mg
/ 100gg 1z 8+ 5.

TEREOER SHoFAZOEBHO—DR, ZBE
o543 5850 AFHRO IBMLEES TER) BHE
FHRMWHFBETRET I ETH L. ZHEERTEL
woFEEmEEE LTR, ELERFIZETT,
AT AERRCTHFERFY 2RI EFEYT
HorrEhhb.8

CTOWEECR, SRAODEFO0% kT 295%HFEH
@SEHELT. @M1, 3, 41c®mL&. LEBR (U) &
TRE(L)E-T, ¥y 7hofMlliEe -2 85EH
Op il EiWN% Y, BHLOERER I/ 3 LE

*Tolerance limits are defired as numbers which will bracket at least a stated proportion of the population with a stated degree of confidence.
FERFR. AOOPEEL55—E0REHN, 55— HOERETEINI LS LHLERENS.



values from which the sample was drawn, and deing so
with a 95% confidence coefficient. In other words, we
have a high degree of confidence that at least 90% of all
future 1-hour glucose values observed in this clinic will
fall between these limits, and any observation falling outside
these limits will indicate that the individuval concerned
either falls into the extreme 10 % of the ‘normal’ population,
or the individual is ‘abnormal’ with respect to glucose
tolerance. Thus, clinic values could be screened during
the precess of automatic data handling and persons with

extreme values routinely flagged for further consideration.

For the present data, the derived tolerance limits actually
include over 92 % of the observations for both males and
females. Among those values not included within the limits
given, about three quarters are ahove the upper limit. This
is a reflection of the skewness in the distributions mentioned
previously, and in practice means that we will be conserva-
tive in using these limits to classify a high reading as
abnormal.

Also shown in Figures 3 and 4 are histograms giving the
percentage distribution of glucose response among the
diabetics who were successfully tested. All ages are
combined for these groups inasmuch as no pattern of
response with age was apparent. If the area between the
tolerance curves is interpreted as representing the normal
range of variation, then it can be seen that, although
nearly all diabetics exhibited a higher than average
response, a substantial proportion showed a response that
could be considered to fall within normal limits. The
overlap is particularly marked in the older ages because
of the increase with age in the width of the ‘normal’ range.

The shape of both histograms suggests that the patients
classified as diabetic in this sample may be composed of
two subpopulations: those who exhibit a ‘high-normal’
1-hour response; and those whose I-hour blood glucose
values are out of the range of normal variation. This is a
topic for further systematic research.

Other Factors In addition to age and sex, a variety of
other factors were examined on an age-sex specific basis
to determine whether they exerted any systematic influence
on the results.

Atomic Bomb Exposure Of primary importance is the
possible residual effect of atomic bomb exposure on subse-
quent physiological findings. The data were stratified
into the four exposure categories: Within 1400 m of the
hypocenter (estimated air dose at 1400m, 50rad in
Hiroshima® ); Between 1400m and 2000m; Beyond
3000m; Not in city ATB. No systematic differences
were apparent from the comparison of these groups.
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Time of Day and Month Because of the nature of the clinic
operation, it is unfortunately impossible to assess the effect
of proximity of the last meal. Presumably, all sibjects had
had a meal within 4 hours prior to testing. As the only
available alternative, time of testing was evaluated. Morning
and afternoon challenges were tabulated separately by sex
and age and, as expected, no differences in average
response were noted. A survey of the data by single month
and by 2 consecutive month intervals for the 7 months
covered from April through October showed no systematic
variation.

Socioeconomic Indices Because of the recent report of
systematic correlation of blood glucose response with
income in a sample of the United States population,'® the
data were stratified separately by two available socio-
economic indices. These were: level of education achieved;
and number of tatami mats per person in the home, a
measure of the physical size of the home. No systematic
or significant association was found between blood glucose
levels and these two socioeconomic factors.

DISCUSSION

The effect of age on carbohydrate tolerance in humans
was first reported in 1921.)' Subsequent studies in small,
selected groups of individuals have verified this initial
impression of higher values in older patients for both the
1-hour and 2-hour blood glucose tolerance valves.'?!3
It must be noted, however, that the subjects studied in
these reports were not clearly representative of a general
population. Only in recent years have attempts been made
to define normal carbohydrate tolerance in large repre-
sentative groups.

In 1964, Gordon® reported on the initial analysis of 6438
persons who received 50 g oral glucose challenges as part
of the United States National Health Examination Survey.
These persons comprized a nationwide probability sample
of persons without diabetes mellitus, who were 18-79 years
of age. An increment with age of about 10 mg of glicose
per 100 ml of blood per decade was found. In addition,
diabetesfree females had, on the average, higher 1-hour
glucose challenge values than diabetes-free males of the
same age.

Hayner et al* in 1965 reporied on carbohydrate tolerance
testing in the community of Tecumseh, Michigan. In the
Tecumseh study oral 100 g glucose challenges were given
to 2983 diabetes-free persons 16 years of age and older
and bloed glucose determined 1 hour later. An age-related
increase of about 13 mg of glucose per 100 ml of blood per
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decade was observed. The linear relation with age was
similar to that found in the US National Health Survey.
The mean 1-hour glucose values per decade were on the
average 20 to 30mg higher in males and about 15mg
higher in females when compared to similar means obtained
for the National Health Survey. Thus, no sex differential
was found in the Tecumseh study. In addition, the data
from the Tecumseh study indicated that the 1-hour response
tends to be depressed when the test is done within 4 hours
after a meal, as compared with results ebtained from
individuals challenged while in a fasting state.

The results here, in a fairly representative sample of a
Japanese population, demonstrate an age gradient among
persons free of diabetes of about 6mg of glucose per
100m! of blood per decade of age for the 1-hour level
after 50 g glucose challenge. A definite sex differential
is also noted, with males displaying significantly higher
mean glucose values than females at all ages over 20
years. In a review of several hundred 3-hour glucose
tolerance tests performed at ABCC during the past year
which have not demonstrated any abnormal values, fairly
consistently higher 1-hour levels have been noted among
males at all ages.

Although the standard challenge of 50g of glucose is
different from the amounts used in several of the other
studies cited, the findings here are similar in most respects
to those of earlier investigators, the only siriking difference
being the reversal of the sex differential when compared
with the results reported by Gordon? The linear increase
with age which has been uniformly reported by others is
observed, as well as an approximately linear increase in
the variance of response with age seen in the data of
Hayner et al.* The age specific distributions of glucose
response uniformly contain some degree of skewness, but
standard regression techniques appear to be adequate for
the descriptive summarization of the data and allow the
great advantage of easy caleulation of tolerance limits as
well-defined and objective measures of the ‘normal’ range

of response.

The implication of these findings is that natural increase
with age in both the mean and spread of the response to
glicose loading must be faken into account before an
individual 1-hour glucose value can be classified as
aberrant.

SUMMARY

Patterns of blood glucose levels attained 1 hour after a
50 g challenge are analyzed. Both the average values
and variances between individual values increase linearly
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with age, the mean values for males being higher than L, 0N EOSER VT, BoRHERKOIN

those for females at all ages over 20 years. Tolerance
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limits are calculated to provide an objective measure of

the ‘normal’ response in the population sampled. RiEnEBmsis@e ks 0, FERT% HE L.
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