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Abstract

Purpose: Inappropriate diet among young people has been linked to a greater prevalence of ill health and
lifestyle diseases in younger generations. Despite this, health examinations of young people targeting early
detection of lifestyle diseases are not being carried out. In particular, there are hardly any reports of the oral
glucose tolerance test (OGTT) being performed on young people. We therefore examined the actual state of
impaired glucose tolerance (IGT) and its association with body mass index (BMI) and body fat percentage in
past data on 75 g OGTT results from university students.

Methods: A total of 1,772 healthy university students (200 men and 1,572 women, mean age of 20.4 + 0.6
years, BMI of 20.5 + 2.4 kg/m*) were given a 75 g OGTT and had their body composition measured.

x* tests and Fisher’s exact tests were performed to examine the association between OGTT blood glucose
level and BMI as well as body fat percentage. Logistic regression analysis was performed on the factors affect-
ing having a blood glucose level of 180 mg/dl or higher measured one hour after the glucose load (one-hour
blood glucose level).

Results: IGT was present in 34.0% of men and 45.1% of women, and the proportion of those with a one-hour
blood glucose level of 180 mg/dl or higher was 21.0% for men and 37.8% for women. Both proportions were
significantly higher for women. However, no association with BMI or body fat percentage was observed.
Logistic regression analysis adjusted for sex, fasting blood glucose level, BMI, and body fat percentage was
performed to determine the factors affecting a one-hour blood glucose level of 180 mg/dl or higher and the
results revealed an odds ratio of 2.89 (95% confidence interval, 1.84-4.54) for women compared to men.

Conclusion: IGT was observed in about 40% of young people who were not obese, and the risk of IGT was
higher for women. However, no association with BMI or body fat percentage was observed. Further studies

are needed to determine the factors affecting IGT in young women.
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L. Introduction at risk of lifestyle diseases rooted in obesity is be-
Japan is currently said to be in an age of plenty, coming graver. The fiscal year (FY) 2015 National
and the increase in the number of people with or Health and Nutrition Survey for Japan revealed that
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younger generations had greater problems balancing
nutrient intake, and it was reported that type 2 dia-
betes prevalence is increasing among young people”.
Meanwhile, the problem of “thinness” is also be-
coming increasingly serious among young women.
A challenge concerning lifestyle habits from puberty
to adolescence is that Japanese women have a strong
desire to be thin and excessive dieting is becoming a
social phenomenon among young people. Dieting to
achieve thinness has been reported to result in nutrient
imbalances, abnormal eating behavior, and subjective
feelings of ill health®™. Despite this, young people
are not being targeted for health examinations focus-
ing on lifestyle diseases. Studies have been carried
out to observe people with glucose metabolism dis-
orders with a focus on relatively younger generations
among those receiving a complete physical examina-
tion or participating in a group health examination®,
but almost no investigative reports can be found on
people around the age of 20.

In light of this, we performed a 75 g oral glucose
tolerance test (OGTT) with a simple blood glucose
meter on healthy university students. Although their
body mass index (BMI) was only about 20 kg/m?,
many of the students exhibited impaired glucose
tolerance (IGT). From the perspective of diabetes
prevention, it is necessary to identify young people
who are at risk of IGT. We therefore examined the
association between IGT and BMI as well as body fat
percentage in past data on 75 g OGTT results from

university students.

II. Methods
1) Study subjects

A 75g OGTT with a simple blood glucose meter
(Autodisksensor; Bayer Yakuhin,Ltd., Osaka, Japan
and GLUCOCARD; ARKRAY,Inc., Kyoto, Japan)
was performed on third year university students at
N University. Body composition was measured at
the same time using a TBF-210 body composition
scale with an automatic height meter (Tanita Corp.,
Tokyo, Japan). From the sample of 1,954 students
obtained from 2005 to 2016, data that were written
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incorrectly, data that were unreliable, and data with
missing values were excluded. In addition, two stu-
dents in their thirties or older were excluded as the
target was young people, and two obese students with
a BMI of 30 kg/m?* or higher were excluded, leaving
1,772 students for the final analyses.

2) Statistical analysis

The associations between blood glucose levels at
0, 30, 60, and 120 minutes during the 75 g OGTT
and BMI as well as body fat percentage were tested.
The 75 g OGTT results were divided into four cat-
egories based on diabetes criteria”: (1) normal type:
fasting blood glucose level of below 110 mg/dl and
two-hour blood glucose level of below 140 mg/dl;
(2) borderline type: neither diabetic type nor normal
type with a one-hour blood glucose level of below
180 mg/dl; (3) borderline type: neither diabetic type
nor normal type with a one-hour blood glucose level
of 180 mg/dl or higher; and (4) diabetic type: fasting
blood glucose level of 126 mg/dl or higher and two-
hour blood glucose level of 200 mg/dl or higher. We
classified the borderline type into two groups in order
to investigate the number of people of type with high
one-hour blood glucose level. In this study, all but the
normal type were regarded as IGF.

R version 3.3.3 was used for statistical analysis. y*
tests and Fisher’s exact tests were performed to com-
pare sex, physique, and blood glucose level. Logistic
regression analysis was performed on the factors af-
fecting having a blood glucose level of 180 mg/dl or
higher at one-hour blood glucose level of 75g OGTT.
P <0.05 was considered significant difference.

3) Ethical considerations

The study protocol was approved by the research
ethics committee of Nagoya University of Arts and
Sciences. Data for the present study were collected
during practical training in a clinical nutrition class
by performing 75 g OGTTs with a simple blood glu-
cose meter. Students were then given an oral explana-
tion that the data would be used again for research
purposes, that submission of data was voluntary, that
they would not suffer any negative consequences to

their grades or otherwise, and that submission of data
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could be withdrawn at any time. The data were then
collected, and submission of data was deemed as

providing consent to participate.

III. Results
1) Characteristics of the subjects

Characteristics of the subjects are shown in Table
1. Subjects were 200 men (11.3%) and 1,572 women
(88.7%) with a mean age of 20.4 + 0.6 years. Their
mean BMI was 20.6 + 2.4 kg/m* and mean body fat
percentage was 24.8 + 6.6%.

The 75 g OGTT gave a total mean fasting blood

glucose level of 89.5 + 12.3 mg/dl and blood glucose
level of 157.4 + 44.1 mg/dl at 30 minutes, 167.4 +
38.4 mg/dl at 60 minutes, and 137.2 + 30.2 mg/dl at
120 minutes.

2) Associations between sex and physique as well as
blood glucose level (Table 2)

Dividing BMI into three groups with cutoff values
at 18.5 kg/m* and 25 kg/m’ revealed that there were
266 women (16.9%) in the underweight category
of 18.5 kg/m* or lower as opposed to only 16 men
(8.0%) in the same category, with the proportion of

women in the underweight category being signifi-

Table 1 Characteristics of the subjects

All Male Female
n 1,772 200 1,572
age (years) 20.4+0.6 20.5+0.9 20.4+0.5
height (cm) 159.7+6.5 169.9+6.1 158.3+5.3
body weight (kg) 52.6+8.0 61.9+9.7 51.4+7.0
BMI (kg/m?) 20.6x2.4 21.4+29 20.5+2.4
body fat percentage (%) 24.8+6.6 16.3+£5.0 25.9+5.9
{75g oral glucose tolerance test)
Fasting BG (mg/dl) 89.5+12.3 97.3+12.5 88.5+12.0
BG 30 minutes (mg/dl) 157.4+44.1 159.0+27.4 157.2+45.8
BG 60 minutes (mg/dl) 167.4+38.4 153.6+31.9 169.2+38.8
BG 120 minutes (mg/dl) 137.2+30.2 125.9+22.0 138.6+30.8
BMI : body mass index, BG : blood glucose (mean=SD)

Table 2 Association between sex and physique as well as blood glucose level

Male Female
(200) (1,572) p value
BMI
<18.5 16 (8.0) 266 (16.9)
18.5= and <25 169 (84.5) 1251 (79.6) <0.001
25= 15(7.5) 55(3.5)
75g OGTT result
Normal type 132 (66.0) 895 (56.9)
Borderline type
(BG 60 mizﬁltes <180 mg/dl) 4221.0) 279 (17.7) 0.001
Borderline type
(BG 60 mizlr?utes =180 mg/dl) 24120 331elh
Diabetic type 2(1.0) 67 (4.3)
BG 60 minutes in the 75g OGTT
<180 mg/dl 158 (79.0) 978 (62.2)
<0.001
=180 mg/dl 42 (21.0) 594 (37.8)

BMI : body mass index, OGTT : oral glucose tolerance test, BG : blood glucose
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cantly higher.

Dividing the 75 g OGTT results into four categories
showed women to have a significantly higher propor-
tion of diabetic type and borderline type than men,
with a combined proportion of 43.1% for women.
Women also had a significantly higher proportion of
one-hour blood glucose level of 180 mg/dl or higher,
at 37.8%.

3) Associations between physique and blood glucose
level in women (Table 3—-1, Table 3-2)

We then examined the associations of blood glu-
cose level with BMI and body fat percentage in wom-
en who had a large proportion of borderline type in
the 75 g OGTT. No clear associations were observed

between the proportion of that category in the 75 g

OGTT or the proportion of women with a one-hour
blood glucose level of 180 mg/dl or higher and BMI.
Moreover, no clear associations were observed when
dividing the 266 women in the underweight category
into two groups using a body fat percentage cutoff
value of 20% and performing comparisons again. In
other words, physique was not associated with 75 g
OGTT results in women.
4) Analysis of the factors associated with a one-hour
blood glucose level of 180 mg/dl or higher (Table 4)
Logistic regression analysis adjusted for sex, fast-
ing blood glucose level, BMI, and body fat percent-
age was then performed to determine the factors af-
fecting a one-hour blood glucose level of 180 mg/dl.

The results revealed that there was no effect of BMI

Table 3-1 Association between physique and blood glucose level in women

BMI
<18.5 18.5= and <25 25= P value
75g OGTT result n (%)
Normal type 150 (56.3) 715 (57.2) 30 (54.5)
Borderline type 101 (38.0) 486 (38.8) 23 (41.8) 0.777
Diabetic type 15 (5.6) 50 (4.0) 2 (3.6)
BG 60 minutes in the 75g OGTT
<180 mg/dl 159(59.8) 786 (62.8) 33 (60.0) 0.610
=180 mg/dl 107(40.2) 465 (37.2) 22 (40.0)

BMI : body mass index, OGTT : oral glucose tolerance test, BG : blood glucose

Table 3-2 Association between body fat percentage and blood glucose level in women (BMI<18.5)

Body fat percentage

<20% =20% P value
BG 60 minutes in the 75g OGTT n (%)
<180 mg/dl 159 (59.8) 786 (62.8) 0.610
=180 mg/dl 107 (40.2) 465 (37.2)

BMI : body mass index, BG : blood glucose, OGTT : oral glucose tolerance test

Table 4 The Factors related to hyperglycemia at 60 minutes of 75g

OGTT by logistic regression analysis

Odds ratio  (95% CI) p value
Sex 2.89 (1.84-4.54) <0.001
Fasting blood glucose 1.02 (1.01-1.03) <0.001
Body mass index 0.99 (0.94-1.05) 0.758
Body fat percentage 1.00 (0.97-1.02) 0.717

Hyperglycemia represents 180 mg/dl or more of blood glucose level.

OGTT : oral glucose tolerance test
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or body fat percentage. However, an association with
sex was observed, with an odds ratio of 2.89 (95%
confidence interval, 1.84—4.54) for women compared

to men.

IV. Discussion

We examined associations between the data from
75 g OGTTs performed with a simple blood glucose
meter on healthy university students and sex as well
as physique. The results showed that over 40% of
women had IGT, in particular, 37.8% had a one-hour
blood glucose level of 180 mg/dl or higher. However,
no association with BMI or body fat percentage was
observed. Moreover, tests to determine the factors
affecting having a one-hour blood glucose level of
180 mg/dl or higher revealed an association with sex,
with an odds ratio of 2.89 (95% CI, 1.84—4.54) for
women compared to men. However, no association
with BMI or body fat percentage was observed.

The majority of the subjects of this study were
women, with 1,572 women (88.7%) and 200 men
(11.3%). Examining physique, both men and wom-
en had slightly lower BMIs than the values in the
FY2015 National Health and Nutrition Survey", but
there was no great difference. The values in the pres-
ent study may therefore be considered to represent
the general population of young people in Japan.

The results of the present study showed as much
as 40% of students to have IGT. As for studies in-
vestigating the prevalence of IGT using the results of
employee health examinations for employees aged 40
to 50, Iwahashi et al.® found that 116 of 939 (12.4%)
of subjects who were not obese with a BMI of less
than 25 exhibited IGT or diabetic type. Kanazawa et
al.” found that 77 of 230 (33.5%) of subjects with a
BMI of 22.9 + 10.3 mg/dl exhibited IGT or diabetic
type. Compared to these studies, emphasis should be
given to the finding in the present study that clearly
showed a high prevalence of IGT even among healthy
young people. Moreover, in a recent study, 99 uni-
versity students (mean age of about 21, mean BMI
of about 21 mg/dl)'?, 13 (15%) had IGT, which was

lower than the prevalence observed in the present
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study. However, 40 students (40%) tested positive
for urinary glucose that was used as an indicator of
hyperglycemia in the OGTT. In particular, over half
of women tested positive. This result is similar to
the finding in the present study of a high prevalence
of an OGTT one-hour blood glucose level of 180
mg/dl or higher in young women. Compared to the
above studies, the findings in the present study must
be considered very carefully, and the affecting factors
must urgently be determined.

In the present study, the proportion of subjects
with IGT was significantly higher among women.
As a factor affecting one-hour blood glucose level of
180 mg/dl or higher, there was an odds ratio of 2.89
(95% CI, 1.84-4.54) for women compared to men.
In a study by Miki et al.'"” who performed OGTT on
university students, there was a higher prevalence of

IGT among women. In a previous study'"”

examining
the effects of pre-test fasting time on OGTT in uni-
versity students who were not obese, blood glucose
levels were higher and the effects of fasting time
were larger in women. Some reasons why women
are at higher risk may be due to a smaller physique
than men, sex differences in the endocrine system,
daily diet, and activity level. Further in-depth studies
are needed to examine those associations.

The cause of IGT is generally insulin resistance
due to obesity. However, the target of the present
study was non-obese young people, and their mean
BMI was 20.6 kg/m* and body fat percentage was
16.3% and 25.9% for men and women, respectively,
indicating that they were actually thin. Lean body
mass was also not associated with glucose tolerance
in this study (not shown in the data). From these
results, we assume that the cause of impaired glucose
tolerance is not an increase in insulin resistance but
a decrease in insulin secretion ability which is not
affected by the physique. The cause of insulin secre-
tion reduction may be an inappropriate diet, for ex-
ample, skipping a meal or eating a low carbohydrate
diet. Concerning carbohydrate intake and glucose
tolerance, a decrease in insulin secretion volume has

been observed during 75 g OGTT even when a low



carbohydrate meal was eaten the night before'”. Sa-
maha et al."” found that having 132 obese individu-
als eat either a high carbohydrate diet (80%) or low
carbohydrate diet (10%) for six months resulted in
reduced insulin sensitivity during the OGTT in the
low carbohydrate diet group. Accordingly, continuing
an extreme low carbohydrate diet for a long time
from early in life may lead to disuse of beta cells and
increase the risk of diabetes later in life. Marshall er
al.'"¥ examined dietary intake in 1,317 subjects com-
prising people with diabetes, people with IGT, and
healthy people and stated that the cause of diabetes
could be high fat, low carbohydrate diets. In addition,
in recent years, studies have found that a low carbo-

hydrate diet pattern is a risk for type 2 diabetes''®

and gestational diabetes'”

. Further investigations are
needed to examine the effects of a low carbohydrate
diet on insulin secretion and sensitivity and associa-
tions with diseases in young people.

In the present study, 75 g OGTT blood glucose
level was measured with a simple blood glucose
meter, therefore, it may not be an accurate value.
In addition, data were collected by school year, and
there was insufficient analysis of the large changes
that occurred in the students’ circumstances over the
previous ten years. Moreover, we did not examine
eating habits the present study, and therefore cannot
clearly determine the association between glucose
metabolism disorder and diet. Considering that there
may also be effects of genetic factors on glucose me-
tabolism disorder, in addition to diet, genetic back-
ground must also be examined and those associations
analyzed.

However, we analyzed data from about 1,800
students over 12 years in the present study, and the
results may be thought to show the actual state of
IGT in young people in Japan overall, and therefore
present extremely important findings. Further studies
are needed to examine diet and other background as-
pects of young people, and especially young women,

to determine the risk factors.
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V. Conclusion

IGT was observed in about 40% of young people
who were not obese, and the risk of IGT was higher
for women. However, no association with BMI or
body fat percentage was observed. Further studies
are needed to determine the factors affecting IGT in

young women.

VI. Acknowledgments

In carrying out this study, we sincerely thank all
the students of N University who participated in the
study.

VII. References

1) Ministry of Health, Labor and Welfare. Heisei 27 "Na-
tional health nutrition surver . 2017.
http://www.mhlw.go.jp/file/04-Houdouhappyou-
10904750-Kenkoukyoku-Gantaisakukenkouzoushinka/
kekkagaiyou.pdf

2) Keiko Fujimoto, Hitomi Shigaki, Konishi Fumiko et
al. Simming desire and dietary habits in female college
students. Japanese journal of Home economics research,
1998; 44: 58-63.

3)  Yoshiko Katou. Relationship among Stress, Drive for
Thinness, and Eating Behavior of Female University
Students: Attitudes toward Sweetness and Inclination to
Eating Disorders, Journal of Home Economics of Japan.
2007; 58: 453-461.

4) Hiroko Yasutomo, Maki Yamanaka, Eiko Tachibana et
al. Study of Body Image and Nutritional Intake Status
among Female Students. Annual Report of Institute of
Health and Nutrition. Nagoya University of Arts and Sci-
ences. 2015; 7: 15-24.

5) Hideko Urata, Kumiko Nishiyama, Kumiko Katsuno et
al. Physique and Its Recognition in Female Students.
Bull. Sch. Health Sci. Nagasaki Univ. 2001; 14: 43-48.

6) Kempei Matsuoka. Ryozaburo Etoh. Serial Studies Of
The Per Oral Glucose Tolerance Test At The Annual
Physical Examinations. Japanese journal of industrial
health. 1973; 15: 139-145.

7) The Japan Diabetes Society. Diabetes clinical practice
guideline based on scientific basis2013. Tokyo, Japan:
Nankodo. 2013. p7

8) Hiromi Iwahashi. Yukiyoshi Okauchi. Miwa Ryo et al.
Insulin-secretion capacity in normal glucose tolerance,

impaired glucose tolerance, and diabetes in obese and



The actual state of impaired glucose tolerance in young Japanese people and its relationship with physique

non-obese Japanese patients. journal of Diabetes investi-
gation 2012; 3: 271-275.

9)  Yuichi Kanazawa. Screening Method for Postprandial
Hyperglycemia Using 1,5-anhydroglucitol in Order to
Discover Subjects with Postprandial Hyperglycemia in
Ningen Dock. official journal of the Japanese Society of
Human Dry Dock 2008; 23, 570-574.

10) Takashi Miki, Eun Young Lee, Akifumi Eguchi, et al.
Accelerated oligosaccharide absorption and altered
serum metabolites during oral glucose tolerance test in
young Jspanese with impaired glucose tolerance. Journal
of diabetes Investigation 2017; in press.

11) Sadahide Inuzuka, Yukimasa Hirata. Studies on The Sex
Difference in Hunger Glucose Tolerance Test (HGTT).
Journal of the Japan Diabetes Society 1968; 11: 379—
383.

12) Takeshi Kaneko, Wang Pei-Yu, Masato Tawata, Low
carbohydrate intake before oral glucose-tolerance tests,
Lancet 1998; 352; 289.

13) Frederick F Samaha, Nayyar Igbal, Prakash Seshadri
et al. A Low-Carbohydrate as Compared with a Low-
Fat Diet in Severe Obesity. N Engl J Med, 2003; 348;
2074-2081.

14) Julie A. Marshall, Richard F. Hamman, Judith Baxter,
High, Low-Carbohydrate Diet and the Etiology of Non-
Insulin-dependent Mellitaus; Yhe San Luis Valley Dia-
betes Study, Am J Epidemiol 1991; 134; 590-603.

15) Lawrence de Koning, Teresa T Fung, Xiaomei Liao et al.
Low-carbohydrate diet scores and risk of type 2 diabetes
in men. Am J Clin Nutr 2011; 93: 844-850.

16) Wei Bao, Shanshan Li, Jorge E Chavarro et al. Low
Carbohydrate-Diet Scores and Long-term Risk of Type 2
Diabetes Among Women With a History of Gestational
Diabetes Mellitus: A Prospective Cohort Study. Diabetes
Care. 2016; 39: 43-49.

17) Wei Bao, Katherine Boewrs, Deirdre K Tobias et al. Pre-
pregnancy low-carbohydrate dietary pattern and risk of
gestational diabetes mellitus: a prospective cohort study.
Am J Clin Nutr 2014; 99: 1378-1384.

83



()
BAAEFEICE T HMIBREE ORRES LUFE & OREE

Ho)BF’ O IEXE IR
ERBF  RBEAN’  FEREX'

®E

[ B Y] B 4FE OA L) 2 A TG AREEEA B R A 05 IER OF ERLICBENH 5 L SNTWDICD
b o3, AFEEHERORMNERLZ SR L HEEEORESINITER S LTV RV, JFIZ, HF
HERNGIZLEARRE (OGTT) O#i5 3o Thiv, €2 T, INFTICRFELIR &
L T4 - 7275g0GTT D#ED 7 — 7 12D\ T, iHRERE OERE, X 512 BMI B L KRR &
DOBE | DOV THET L 72,

[J5iE] fERe 7 KAz 177240 (382004, 157244, 4E#20.4 = 067%. BMI205 + 24kg/m?) % &5
1275g0GTT Z47vy, AL ZME L7720 20 OGTT O IMLkEfE & BMI 5 X OMKIRITER & B3I
DWW, X M5E & Fisher O IEMERE 2 W CTHET L7z & 512, 1 R IMHEfE£180mg/dl DL k12
AR S 2 DERIZOWT, BV AT 1 v 7 ARG E AV TRE L 72

(5] TRHERE R F 3 B & I TENEN340% L 451 % FFFE L. £ 72 1 BEREAT180mg/dl DLk
2% BEEI B LW TENRZN210% E3T8UFIEL 720 T2, TDOELEL D LMD T IVAE
IZE o7z L LA S, BMI B X OEIRER S OBEIZEED SN b o7z, 512, 1 A
23180mg/dl DL B2 7% 2 BRI DOWT, MR, 22, BMI B X OMRIEIFER TR L 720 U A
T4 7 AR ORER, BT 2 Lo+ v XH13289 (95%CI 1.84-454) THh - 720

[k am] MG C 722 WHEEE O 4 ENZTHERERE RO S, TV A7 E DT m»ro72e L
L. BMI B X OMRIEIFRICEHIZFAD SN e h o7z Gk, HELME LR EOERIZO W
THENT 20BN D 5,

F—T— K HERRSEE . AL, Tog HERT R

IO A N N T S R P
2) WA 5 Sk

84



