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Post-Prandial Plasma Glucose Less Than or Equal to 70
mg/dL Is Not Uncommon in Young Japanese \WWomen

Ayaka Tsuboi® °, Mika Takeuchi¢, Kaori Kitaoka® 9, Satomi Minato® ©,
Miki Kurata® ¢, Tsutomu Kazumi® f ¢, Keisuke Fukuo® ¢

Abstract

Background: Post-breakfast/post-challenge plasma glucose (PG)
concentrations were studied less in young normal weight Japanese
women. We addressed these issues.

Methods: Two separate groups of female collegiate athletes and female
untrained students underwent either a standardized meal test or a stand-
ard 75-g oral glucose tolerance test, but not both. Frequency of women
whose post-breakfast/post-load PG fell to 70 mg/dL or lower (termed as
low glycemia) was compared between athletes and non-athletes, who
also underwent measurements of serum adipokines, markers of insu-
lin resistance and inflammation and dual-energy X-ray absorptiometry.
Insulin secretion, insulin sensitivity/resistance and serum adipokines
were compared between women with and without post-breakfast low
glycemia. The same comparison was done between women whose
post-breakfast PG returned to levels below the fasting PG and women
whose post-breakfast PG never fell below the fasting PG.

Results: There was no difference between athletes and non-athletes
in frequency of post-breakfast low glycemia (47% (8/17) and 44%
(8/18)) and post-challenge low glycemia (24% (12/50) and 23%
(27/118)). As compared to seven women whose post-breakfast PG
never fell below the fasting PG, 28 women whose post-breakfast PG
returned to levels below the fasting PG had higher meal-induced in-
sulin responses (283 + 366 vs. 89 £+ 36 uU/mg, P = 0.014). However,
two groups did not differ in body composition, markers of insulin
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resistance and serum adiponectin. No significant difference was also
observed in any of these variables between women with and without
post-breakfast low glycemia.

Conclusion: Post-prandial PG <70 mg/dL is not uncommon in young
normal weight Japanese women and may not be a pathological condi-
tion. The underlying mechanisms for this finding need further explo-
ration.

Keywords: Post-breakfast glycemia; Post-challenge glycemia; Meal
test; Oral glucose tolerance test; Young women

Introduction

The proportions of people with type 2 diabetes and obesity
have increased throughout Asia [1]. People in Asia tend to
develop diabetes with a lesser degree of obesity at younger
ages [1]. The American Diabetes Association Workgroup on
Hypoglycemia [2] suggested that patients at risk for hypogly-
cemia (i.e., those treated with a sulfonylurea, glinide, or insu-
lin) should be alert to the possibility of developing hypoglyce-
mia at a self-monitored blood glucose - or continuous glucose
monitoring subcutaneous glucose - concentration of < 70 mg/
dL. We had an opportunity to see changes in plasma glucose
(PG) concentrations in response to a standardized breakfast as
well as during an oral glucose tolerance test (OGTT) in young
women [3, 4]. During meal tests and OGTT, nobody had any
signs or symptoms at all. We were very surprised to see that
a substantial number of women experienced post-challenge/
post-breakfast PG < 70 mg/dL.

Participants and Methods

We studied 67 female collegiate athletes and 136 untrained fe-
male students aged 18 - 24 years, whose details have been re-
ported elsewhere [3-6]. They were all Japanese and those with
clinically diagnosed acute or chronic inflammatory diseases, en-
docrine, cardiovascular, hepatic, renal diseases, hormonal con-
traception, and unusual dietary habits were excluded. Nobody
received any medications. The study was approved by the Ethics
Committees of the University (No. 07-28) to be in accordance
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Table 1. Plasma Glucose, Serum Insulin in Response to a Standardized Breakfast (Test Meal A) and Percentages of Women With
Post-Breakfast Low Glycemia (Plasma Glucose < 70 mg/dL) in 35 Young Japanese Women

Glucose at  Minimum (mg/dL) Median (mg/dL) Maximum (mg/dL) Low glycemia (n, %)  Insulin, mean + SD (nU/mL)
0 min 78 83 95 0 3.7+2.0

30 min 72 108 135 0 33.1£17.8

60 min 51 85 128 8(22.8) 27.6+£16.6

120 min 59 72 98 14 (40.0) 12.5+8.0

with the Helsinki declaration. All subjects gave written consent
after the experimental procedure had been explained.

After a 12-h overnight fast in the morning, a standard 75-g
OGTT was performed in 50 athletes and 118 non-athletes, as
previously reported in details [4]. Another set of 17 athletes
and 18 non-athletes underwent a standardized meal test [4].
PG and serum insulin were measured at 0 (baseline), 30, 60,
and 120 min. The test meal was developed by the Japanese Di-
abetes Society to assess both post-prandial hyperglycemia and
hyperlipemia [7]. This meal was composed as a breakfast meal
(total energy 450 kcal) consisting of biscuit (83 kcal), cream
of chicken soup (272 kcal) and custard pudding (95 kcal). The
meal provided 33.3% of calories from fat (16.7 g), 51.4% from
carbohydrates (57.8 g), and 15.3% from protein (17.2 g). The
test meal contained more fat than a typical Japanese breakfast
(20-25%).

PG was determined by the hexokinase/glucose-6-phosphate
dehydrogenase method (intera-ssay coefficient of variation
(CV) < 2%) and serum insulin by an ELISA method as previ-
ously reported in details [5, 6]. Insulin resistance (IR) was evalu-
ated by homeostasis model assessment of IR (HOMA-IR) [8]
and adipose IR [9]. Meal-induced insulin response (MIR) was
calculated as the ratio of changes in insulin to those in glucose
level during the first 30 min of a meal test (30-min insulin level
- fasting insulin)/(30-min PG - fasting PG), where insulin in pU/
mL and glucose in mg/mL were not in mg/dL. MIR is analogous
to insulinogenic index, a marker of early-phase insulin secre-
tion, and expressed in pU/mg. Women whose post-breakfast/
post-load PG fell to 70 mg/dL or lower at any time point during
a meal test/OGTT were defined as having low glycemia.

Adiponectin was assayed by a sandwich enzyme-linked
immunosorbent assay (Otsuka Pharmaceutical Co., Ltd,
Tokushima, Japan). Intra- and inter-assay CVs were 3.3% and
7.5%, respectively. Leptin was assessed by an RIA kit from
LINCO research (St. Charles, MO, inter-assay CV = 4.9%).
High-sensitivity C-reactive protein (hsCRP) was measured by
an immunoturbidometric assay with the use of reagents and
calibrators from Dade Behring Marburg GmbH (Marburg,
Germany; inter-assay CV < 5.0%). Interleukine-6 and tumor
necrosis factor-o (TNF-a) were measured by enzyme immu-
noassay and immunoassays (R&D Systems, Inc., Minneapolis,
MN, inter-assay CV = 6.0%), respectively. Plasminogen acti-
vator inhibitor-1 (PAI-1) was measured by an ELISA method
(Mitsubishi Chemicals, inter-assay CV = 8.1%).

Data were presented as mean = SD. Due to deviation from
normal distribution, hsCRP was logarithmically transformed
for analysis. Differences between two groups in means and
percentages were compared by #-test and Chi-square test, re-
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spectively. A two-tailed P < 0.05 was considered statistically
significant. All calculations were performed with SPSS system
15.0 (SPSS Inc., Chicago, IL).

Results

The test meal breakfast was well tolerated and nobody had any
symptoms and signs. The lowest post-breakfast PG concentra-
tions were 51 and 59 mg/dL at 60 and 120 min, respectively,
and median PG fell to 72 mg/dL at 120 min (Table 1). Post-
breakfast low glycemia at 60 and 120 min was found in eight
(23%) and 14 (40%) of participants, respectively (Table 1).
Altogether, 16 women (46%) experienced post-breakfast low
glycemia at least once during the observation period. Frequen-
cy of post-breakfast low glycemia did not differ between non-
athletes (44% (8/18) and athletes 47% (8/17), respectively).
Mean PG fell to 65 mg/dL at 120 min in women with post-
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Figure 1. Responses of plasma glucose and serum insulin to a stand-
ardized test meal in young women with (broken lines) and without (solid
lines) post-breakfast low glycemia (plasma glucose < 70 mg/dL). Mean
+ SD. *P < 0.05. ***P < 0.001.
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Table 2. Anthropometric Features of Young Women With and Without Post-Breakfast Low Glycemia

(Plasma Glucose < 70 mg/dL)

Post-breakfast low glycemia, mean £+ SD P value
Absent (n =19) Present (n = 16)
BMI (kg/m?) 21.8+2.5 21.9+24 0.930
FMI (kg/m?) 10.1+3.4 10.0+2.3 0.896
Waist circumference (cm) 74.1+£6.3 73.4+64 0.739
Arms fat mass (kg) 1.2+0.6 1.3+0.7 0.550
Legs fat mass (kg) 59+1.7 63+2.5 0.592
Trunk fat mass (kg) 7.5+3.1 7.1+£23 0.692
Total fat mass (kg) 15.1+54 153+52 0.937
Arm FMI (kg/m?) 0.45+0.24 0.49 +£0.25 0.630
Legs FMI (kg/m?) 2.25+0.70 2.36 +0.88 0.666
Trunk FMI (kg/m?) 2.88+1.24 2.70 +0.81 0.628
Arms lean mass (kg) 3.7+£0.6 3.9+£0.7 0.307
Legs lean mass (kg) 13.5+2.4 13.6 2.1 0.888
Trunk lean mass (kg) 18.7+2.6 18.5+2.6 0.805
Total lean mass (kg) 39.1+£5.7 392+54 0.949
Arms percentage fat (%) 223+9.5 22.8+8.0 0.877
Legs percentage fat (%) 289+7.1 294+64 0.830
Trunk percentage fat (%) 27.2+8.6 26.6 £6.0 0.818
Total percentage fat (%) 263 +7.5 26.3+5.7 0.993
Trunk/leg fat mass 1.25+£0.25 1.18 £ 0.26 0.435

FMI: fat mass index.

breakfast low glycemia (Fig. 1), whereas there was no dif-
ference in fasting and post-breakfast insulinemia at any time
point during meal tests between women with and without low
glycemia. No significant group differences were also observed
in anthropometric variables including trunk/leg fat ratio, a
marker of abdominal fat accumulation [10] (Table 2), MIR,
HOMA-IR, adipose IR, serum adipokines including adiponec-
tin and inflammatory and hemostasis markers (Table 3). Serum
lipids, lipoproteins, apolipoproteins, liver enzymes and blood
pressure did no differ between women with and without low
glycemia as well.

Responses to test meal of triglyceride, remnant-like lipo-
protein-cholesterol and free fatty acid in young women with
and without post-breakfast low glycemia were summarized in
Table 4. Again, no group difference was observed. After meal
ingestion, there were modest increases in triglyceride and no
change in remnant-like lipoprotein-cholesterol. Free fatty acid
fell in response to meal ingestion, suggesting good insulin sen-
sitivity of adipose tissue, as previously reported [4].

Post-challenge low glycemia was found in 23% (27/118)
of non-athletes as well as in 24% of athletes (12/50). When
athletes and non-athletes were combined, frequency of post-
breakfast low glycemia was twice as high as frequency of post-
challenge low glycemia (46% (16/35) vs. 23% (39/168)).

It has been reported that subjects whose post-load PG re-
turned to levels below the fasting PG had a lower risk of devel-
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oping type 2 diabetes compared with subjects whose post-load
glucose never fell below the fasting PG [11]. Therefore, MIR,
insulin sensitivity/resistance and serum adiponectin were com-
pared between 28 women whose post-breakfast PG returned
to levels below the fasting PG and seven women whose post-
breakfast PG never fell below the fasting PG concentration
(Table 5). The former had higher MIR and lower 120-min PG
than the latter, whereas two groups did not differ in the per-
centage of athletes, body composition, markers of IR and se-
rum adiponectin.

Discussion

Iatrogenic hypoglycemia is harmful in patients with diabetes
and is sometimes fatal. The alert value, a PG of < 70 mg/dL,
can be used as a cut-off value in the classification of hypogly-
cemia in diabetes [2]. However, this alert value is data driven
and pragmatic, and a single threshold value for PG concentra-
tion that defines hypoglycemia in diabetes cannot be assigned
[2]. The present study has demonstrated that 46% of young
normal weight Japanese women experienced post-breakfast
PG < 70 mg/dL, which was not associated with any signs and
symptoms. This has been confirmed by OGTT, which has re-
vealed that 23% of young Japanese women had post-challenge
low glycemia. These findings suggest that post-prandial PG <
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Table 3. Biochemical Features of Young Women With and Without Post-Breakfast Low Glycemia

(Plasma Glucose < 70 mg/dL)

Post-breakfast low glycemia, mean + SD P value
Absent (n = 19) Present (n = 16)
HbAlc (%) 52+0.2 51+02 0.742
HOMA-IR 0.82 +0.47 0.70 £ 0.37 0.428
MIR (pU/mg) 225 +353 265 + 318 0.738
Adipose IR 1.89 +0.82 1.48 +1.13 0.228
PAI-1 (ng/mL) 24.0+9.3 36.0+27.1 0.079
TNF-a (pg/mL) 0.6+0.1 0.7+0.3 0.228
Leptin (ng/mL) 73+£52 6.6 +3.1 0.631
Adiponectin (ng/mL) 104 +£3.2 12.1£5.6 0.268
Leptin/adiponectin ratio 0.77 £0.59 0.66 = 0.50 0.535
IL-6 (pg/mL) 0.68 +0.33 0.64+0.29 0.680
AST (U/L) 18.3+4.0 16.8+£6.9 0.428
ALT (U/L) 13.3+43 12.1+3.9 0.378
GGT (U/L) 124+2.38 12.5+2.7 0.933
Apolipoprotein Al (mg/dL) 161 + 14 157+ 15 0.470
Apolipoprotein B (mg/dL) 67+ 15 66 + 13 0.948
Total-C (mg/dL) 180 +23 177 £23 0.726
HDL-C (mg/dL) 75+ 12 72+ 11 0.416
LDL-C (mg/dL) 93 +20 94 £ 19 0.830
TG (mg/dL) 57 +21 52+15 0.444
RLP-C (mg/dL) 29+1.2 2.7+0.7 0.505
FFA (mEq/L) 0.51+0.14 0.42+0.17 0.108
Systolic BP (mm Hg) 114+7 111+38 0.321
Diastolic BP (mm Hg) 69+6 66+ 6 0.083

HOMA: homeostasis model assessment; IR: insulin resistance; MIR: meal-induced insulin response; PAI-1: plasmi-
nogen activator inhibitor-1; TNF-a: tumor necrosis factor-a; hsCRP: high-sensitivity C-reactive protein; IL-6: inter-
leukine-6; AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: y-glutamyltransferase; C: choles-
terol; TG: triglyceride; RLP: remnant-like lipoprotein; FFA: free fatty acid; BP: blood pressure.

70 mg/dL is not uncommon in young normal weight Japanese
women and that it may not be a pathological condition.
Adding protein and fat macronutrients to glucose in a
mixed meal diminished glucose excursion as compared with
the same amount of glucose challenge alone [12]. This oc-
curred in association with increased B-cell function, reduced
insulin clearance, delayed gastric emptying and augmented
glucagon and GIP secretion [12]. These findings may be in
line with our observation that post-prandial low glycemia was
frequently observed more after meal ingestion (58 g carbohy-
drates) than after 75 g glucose ingestion in young women.
Although subjects with normal glucose tolerance (NGT)
have a lower relative risk for progression to diabetes than sub-
jects with either impaired glucose tolerance or impaired fasting
glucose, 30-40% of subjects who develop diabetes had NGT at
baseline [13-16]. In the San Antonio Heart Study [11], subjects
with NGT whose post-load PG concentration returned to levels
below the fasting PG concentration had a lower risk of devel-
oping type 2 diabetes compared with subjects whose post-load
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glucose concentration never fell below the fasting PG concen-
tration. These observations suggest that young women with
post-breakfast or post-challenge low glycemia in the present
study may have a lower risk of developing type 2 diabetes than
women who did not have low glycemia.

Chronic low-grade inflammation links obesity in general,
abdominal obesity in particular, to insulin resistance and f
cell failure [17]. In the above mentioned San Antonio Heart
Study [11], subjects with NGT whose post-load PG concen-
tration returned to levels below the fasting PG concentration
had lower BMI, waist circumference and serum triglycerides,
and higher HDL cholesterol, greater insulin sensitivity, and a
higher insulinogenic index, a marker of early-phase insulin
secretion, compared with subjects whose post-load glucose
concentration never fell below the fasting PG concentration.
In the present study, women whose post-breakfast PG re-
turned to levels below the fasting PG had higher MIR, which
is analogous to insulinogenic index, than women whose post-
breakfast PG never fell below the fasting PG concentration,
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Table 4. Responses to Test Meal of Triglyceride, Remnant-Like Lipoprotein-Cholesterol and Free Fatty
Acid in Young Women With and Without Post-Breakfast Low Glycemia (Plasma Glucose < 70 mg/dL)

Post-breakfast low glycemia, mean + SD P value

Absent (n =19)

Present (n = 16)

TG 0 min (mg/dL)

TG 30 min (mg/dL)
TG 60 min (mg/dL)
TG 120 min (mg/dL)
RLP-C 0 min (mg/dL)
RLP-C 30 min (mg/dL)
RLP-C 60 min (mg/dL)
RLP-C 120 min (mg/dL)
FFA 0 min (mEq/L)
FFA 30 min (mEq/L)
FFA 60 min (mEq/L)
FFA 120 min (mEq/L)

57+21

62 +23

73 £28

77 £29
29+1.2
3.0+£1.2
33+14
31+1.3
0.51+0.14
0.38+0.11
0.24 +0.06
0.22 +£0.04

52+15

60 =23

72 £24

82 £ 31
2.7+0.7
2.8+0.7
3.1+0.8
3.0+0.8
0.42+0.17
0.32+0.11
0.23 +£0.08
0.25+0.07

0.444
0.739
0.902
0.673
0.505
0.468
0.451
0.806
0.108
0.129
0.523
0.168

TG: triglyceride; RLP-C: remnant-like lipoprotein-cholesterol; FFA: free fatty acid.

Table 5. Comparison Between 28 Young Japanese Women Whose Post-Breakfast Plasma Glucose
(PG) Returned to Levels Below the Fasting PG (A) and 7 Women Whose Post-Breakfast PG Never
Fell Below the Fasting PG Concentration (B)

B, mean + SD A, mean = SD P value
Athletes (n, %) 4 (57.1) 13 (46.4) 0.691
BMI (kg/m?) 213+1.5 22.0+2.6 0.489
Waist circumference (cm) 71.4+4.2 74.4+6.6 0.268
Fat mass index (kg/m?) 542+ 1.32 5.87+2.16 0.606
Percentage body fat (%) 25.8+6.0 26.5+6.9 0.827
Trunk/leg fat mass 1.24+0.16 1.21+0.27 0.799
Glucose (mg/dL) 0 min 82+4 84+5 0.273
Glucose (mg/dL) 30 min 111+9 10515 0.355
Glucose (mg/dL) 60 min 95+ 16 82+19 0.100
Glucose (mg/dL) 120 min 90 +5 70 £8 0.000
Insulin (pU/mL) 0 min 33+£12 3.8+£22 0.594
Insulin (pU/mL) 30 min 29.4+15.8 34.0+18.4 0.554
Insulin (pU/mL) 60 min 224+14.4 289+17.1 0.361
Insulin (uU/mL) 120 min 14.6 £8.5 12.0 £ 8.0 0.436
HbAlc (%) 51+03 52+0.2 0.848
HOMA-IR 0.67 +0.23 0.79 £ 0.46 0.519
MIR (pU/mg) 89+ 36 283 + 366 0.014
Adipose IR 1.90 +0.76 1.66 = 1.04 0.565
Leptin (ng/mL) 6.5+4.1 7.1+45 0.737
Adiponectin (pg/mL) 10.5+2.7 114+4.38 0.631

HOMA: homeostasis model assessment; IR: insulin resistance; MIR: meal-induced insulin response.
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