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High Blood Glucose After Starch Loading in Young Women
With Small Increase in Salivary Amylase: Another Crucial
Role of Postprandial Salivary Amylase

Airi Sekine?®, Kei Nakajima® b ¢

Abstract

Background: Salivary a-amylase plays a crucial role in the glu-
cose metabolism. However, postprandial salivary o-amylase activity
(SAA) and its relationship with blood glucose (BG) are poorly under-
stood. Therefore, we investigated SAA and BG after starch loading in
healthy young women.

Methods: In 60 healthy non-obese young women, we investigated
SAA, BG, and blood 3-hydroxybutyrate (3HB) after the consump-
tion of 150 g rice (starch 48.8 g). Participants were classified into
two groups based on the changes (A) in SAA from baseline at 60
min: small- and large-increase in ASAA groups (SI-ASAA and LI-
ASAA).

Results: BG levels were significantly higher at 60, 90, and 120 min in
participants with SI-ASAA (n = 31) than LI-ASAA (n = 29). Baseline
3HB concentration was also higher in participants with SI-ASAA.
ASAA at 60 min was most closely and inversely correlated with BG
and ABG at 90 min (r = -0.53 and -0.50, both P < 0.0001). General-
ized linear model analysis also indicated that ASAA at 60 min was the
most predictive of ABG at 90 min.

Conclusions: Higher levels of BG and ABG were observed after
starch loading in healthy young women with smaller increase in sali-
vary amylase, suggesting another crucial role of postprandial salivary
amylase for the postprandial glucose metabolism.
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Introduction

Salivary a-amylase (EC 3.2.1.1), a major enzyme in the oral
cavity in man, facilitates carbohydrate digestion; its activity is
of high inter-individual and intra-individual variability [1]. Al-
though the physiological functions of salivary a-amylase have
not been fully explored, salivary a-amylase activity (SAA) af-
fects glucose metabolism and consequently contributes to the
incidents of type 2 diabetes and obesity [2, 3]. However, there
are conflicting results about the relationship between fasting
SAA and glucose metabolism [4, 5]. We previously [6] found
no relationship between fasting oral SAA and blood glucose
(BG), along with their changes from baseline, after starch
loading. Many studies have investigated exclusively fasting
but not postprandial levels of SAA and serum a-amylase activ-
ity [4, 5,7, 8].

Meanwhile, hyperglycemia 1 h after the meal is commonly
observed in individuals with impaired glucose metabolism and
early type 2 diabetes [9, 10]. Nevertheless, postprandial oral
SAA, for example | h after starch ingestion, and its relation-
ship with BG has not been investigated [2, 4, 5, 6], although
there is barely any starch left in the oral cavity 1 h after meal
consumption. Based on these backgrounds, we investigated
the relationship between SAA, BG, and their changes from
baseline after starch loading in healthy young women, which
can elucidate clinical relevance of postprandial SAA. From the
perspective of energy metabolism, we also investigated 3-hy-
droxybutyrate (3HB), a ketone body endogenously yield from
fatty acid substrates in the liver, and respiratory quotient (RQ)
because 3HB is often observed during glucose starvation [11]
and RQ is commonly used to speculate which substrates are
oxidized for the energy [12].

Materials and Methods

We recruited 60 young, healthy, Japanese female university
students who had undergone regularly a checkup aged 20 - 23
years in the first half of 2023; all participants were non-smok-
ers, non-heavy drinkers, nonpregnant, and had a normal body
mass index (BMI) (< 25.0 kg/m?). Participants with metabolic
disorders including diabetes, prediabetes, and dyslipidemia,
regardless of primary or secondary, were not included, which
was individually confirmed by face-to-face interview.
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In the morning following a 12-h overnight fast, anthropo-
metric and laboratory measurements were performed after the
rest sitting for 5 min in our laboratory of university. Partici-
pants were free to drink water until 30 min before the measure-
ments. Before and after starch loading with a 150 g ordinary
white rice (energy 209 kcal, starch 48.8 g, protein 2.9 g, fat 0
g) prepared using cooked rice pack [13], saliva samples (0, 60,
and 120 min) were collected using an oral swab (SalivaBio
Oral Swabs, Salimetrics, Carlsbad, USA).

The swab was centrifuged for 15 min at 1,500 X g to ex-
tract saliva. SAA was duplicately measured using a kinetic re-
action assay (Salivary alpha-Amylase Assay Kit, Salimetrics)
exclusively for salivary amylase with the assay range of 2.0 to
400 U/mL [14]. This method utilizes a chromogenic substrate,
2-chloro-p-nitrophenol linked with maltotriose. The enzymatic
action of SAA yields 2-chloro-p-nitrophenol, which responds
to spectrophotometrically measured at 405 nm. The reaction
was read in a 96-well microtiter plate with controls provided in
the kit. SAA was calculated using the following equation [14].

SAA (U/mL) = AAbs./min x TV x DF/MMA
x SV x LP

(AAbs./min: absorbance difference per minute; TV: total
assay volume (0.328 mL); DF: dilution factor; MMA: milli-
molar absorptivity of 2-chloro-p-nitrophenol (12.9); SV: sam-
ple volume (0.008 mL); LP: light path = 0.97 (specific to plate
received with kit).

Saliva total protein was measured using a bicinchoninic
acid assay protein assay (Takara BCA Protein Assay Kit, Ta-
kara Bio Inc., Shiga, Japan). BG (0, 30, 60, 90, and 120 min)
and blood 3HB concentration (0 and 120 min) were measured
in finger-prick blood samples using a StatStrip Xpress2 Glu-
cose/Ketone Meter (Nova Biomedical Corporation, Waltham,
USA). Dietary intake was estimated using designated comput-
er software (FFQNEXT, Kenpakusha, Tokyo, Japan) based on
the Standard Tables of Food Composition [15].

To estimate RQ, respiratory monitoring for 5 min at rest
was conducted after the adequate stabilization using an AR-1
portable gas monitor (ARCO SYSTEM Inc., Japan).

For each sample, SAA was adjusted for salivary protein
concentration. From measurements taken at different time
points, changes in SAA and BG from baseline were calculated
as delta (A) values, and areas under the curve (AUC) for BGs
were calculated using the trapezoid rule [16].

Participants were classified into two groups based on pro-
tein-adjusted SAA changes from baseline (ASAA) at 60 min:
small- and large-increase in ASAA groups (SI-ASAA and LI-
ASAA), considering that maximum BG often occurs 1 h after
glucose or starch load in healthy people [9, 10].

The differences in BGs, AUCs, and 3HB between these
two groups were tested by f-test or non-parametric test. Re-
lationships between variables were assessed by Spearman’s
correlation analysis because of the high likelihood of non-par-
ametric distributions in the parameters.

A generalized linear model controlling for BMI, baseline
SAA, BG, and 3HB was used to analyze the associations for
ABG. In our study, the sample size was calculated using Easy
R software [17], based on the assumption of mean and stand-
ard deviation (SD) of BG at 60 min, o, and effect as 20 mg/

dL, 25 mg/dL, 5%, and 80%, respectively, to test the difference
in postprandial BG at 60 min between SI-ASAA and LI-ASAA
groups. Then, a total of around 25 subjects were needed for each
group. Statistical analyses were performed using SAS-Enter-
prise Guide in the SAS system, version 9.4 (SAS Institute, Cary,
USA). A two-tailed P value < 0.05 was considered significant.

Ethical approval

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Re-
view Board of the Ethics Committee of Japan Women’s Uni-
versity (ID number 575).

Results

The characteristics of the participants are shown in Table 1; all
of the parameters were within normal ranges. SAA levels at 60
and 120 min were higher than baseline (both P < 0.0001), but
no difference was observed between at 60 and 120 min. The
mean BMI (19.8 kg/m?), energy intake (1,666 = 33 kcal/day),
and carbohydrate intake (59.7+0.7% of energy intake) were
relatively low.

Participants were classified into two groups: LI-ASAA (>
28 U/mL, n=29) and SI-ASAA (<28 U/mL, n = 31) consider-
ing the value of ASAA at 60 min (median (interquartile range
(IQR)): 27.8 (17.1 - 41.8) U/mL). No difference was observed
in parameters listed in Table 1 except for SAA at 60 and 120
min and BG at 60, 90, and 120 min, AUC and 3HB between
LI-ASAA and SI-ASAA groups.

Although AUCs was higher in SI-ASAA group, statistical
significance was not marginally found (P = 0.051). Baseline
3HB was also higher in SI-ASAA group (median (IQR): 0.20
(0.0 - 0.40)) than LI-ASAA (0.0 (0.0 - 0.10), P <0.001).

The levels of SAA increased over time in both LI-ASAA
and SI-ASAA groups (Fig. 1) (analysis of variance, P < 0.0001
and P=0.003). BG levels at 60, 90, and 120 min were signifi-
cantly higher in SI-ASAA group than LI-ASAA group (Fig. 2).

ASAAs were inversely correlated with BG at 60, 120, and
particularly 90 min (r = -0.53 for ASAA60 and r = -0.46 for
ASAA120), and also with ABG at 60, 120, and particularly 90
min (r = -0.50 for ASAA60 and r = -0.43 for ASAA120) (Ta-
ble 2). Baseline 3HB was inversely correlated with SAA and
ASAA at 60 min. Furthermore, 3HB at 120 min was inversely
correlated with baseline SAA (r = -0.34).

Although baseline SAA was significantly correlated with
SAA at 60 and 120 min (r = 0.69 and 0.63, both P < 0.0001), it
was not correlated with ASAA at 60 and 120 min (r =-0.05 and
-0.11, data not shown). Consistent with this, baseline SAA was
not significantly correlated with BG or ABG at any timepoint
(Table 2). Although RQ at baseline was inversely correlated
with 3HB at baseline (r = -0.37, P = 0.004), RQ was not cor-
related with BG and SAA at any time points (data not shown).

The results of generalized linear model analysis showed
that ASAA at 60 min was significantly inversely associated
with ABG at 60 and 90 min (Table 3) and had the strongest
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Table 1. Characteristics of Participants

Total (n = 60) SI-ASAA (n = 31) LI-ASAA (n =29) P values

Age (years old) 21.1+£0.8 21.0+£0.8 21.1+£0.8 0.61
BMI (kg/m?) 19.8+£2.0 20.0+2.2 19.7+1.7 0.53
Waist circumference (cm) 68.5+5.0 69.0 + 5.7 67.9+4.2 0.42
Lean body mass (kg) 34.1+3.3 347+34 33.6+3.0 0.19
Body fat (%) 263 +5.1 262+5.4 26.4+4.9 0.90
Blood glucose (mg/dL)

Baseline 94.4 £ 8.8 93.9+10.6 95.0+£6.5 0.64

30 min 144 £19 144.1 £21.9 144.6 £ 16.0 0.92

60 min 145+ 27 154.8 £28.3 133.7+20.3 0.002

90 min 132 £26 1423 +£25.5 120.0 £21.3 0.0005

120 min 123+ 18 1292 +17.7 116.2 +16.1 0.004

Area under the curve 48.4+19 53.1+233 43.5+11.6 0.051
ABG

30 - 0 min 49.9 +19.7 50.2+24.0 49.6+13.9 0.92

60 - 0 min 50.2 +£28.6 60.9+31.5 38.7+19.8 0.002

90 - 0 min 37.1+27.0 48.4 +£27.7 25.0 £20.7 0.0005

120 - 0 min 28.8 +18.8 358+ 19.6 21.3+14.8 0.002
Unadjusted salivary amylase activity (U/mL)

Baseline 58.0+30.3 54.9 +£30.4 61.4+30.3 0.41

60 min 96.4 + 54.1 70.9 £32.9 123.6 +59.5 <0.0001

120 min 99.9+61.3 77.3 £46.1 124.1 £ 66.8 0.002
Unadjusted ASAA (U/mL)

60 - 0 min 40.5+38.0 203+ 16.4 62.2+42.7 <0.0001

120 - 0 min 41.9 +48.7 22.4+£41.0 62.7+48.2 0.0009
Protein concentration in saliva (mg/mL)

Baseline 1.23 £0.35 1.17 +£0.33 1.29+0.37 0.18

60 min 1.22+0.41 1.16 £0.37 1.29 £0.46 0.25

120 min 1.24 +0.50 1.13+0.45 1.36 £ 0.53 0.078
Salivary amylase activity (U/mL)

Baseline 46.4+£20.2 46.3 £22.7 46.6 £17.4 0.95

60 min 76.8 +27.7 61.7+£23.5 93.0+22.2 <0.0001

120 min 76.7 +£25.7 66.7 +£26.0 87.3£21.0 0.001
ASAA (U/mL)

60 - 0 min 31.2+19.6 170+ 7.8 46.4+16.8 <0.0001

120 - 0 min 30.3+21.6 20.5+20.9 40.7+17.1 0.0001
Blood 3-hydroxybutyrate (mmol/dL)

Baseline 0.1(0.0-0.3) 0.2(0.0-0.4) 0.0 (0.0-0.1) 0.0008

120 min 0.0 (0.0 -0.1) 0.0 (0.0-0.1) 0.0 (0.0 - 0.0) 0.86
Respiratory quotient 0.89 £0.04 0.88 £0.04 0.90 = 0.04 0.19
Nutrition intake

Energy (kcal/day) 1,666 + 33 1,663 + 33 1,669 + 33 0.54

Carbohydrate (g/day) 2413 +£5.6 240.8+5.9 241.9+53 0.43

Carbohydrate energy, % in total energy 59.7+£0.7 59.7+0.8 59.7+0.7 0.97

Lipid (g/day) 52.9+£2.0 529+2.1 53.0+2.1 0.84

Lipid energy, % in total energy 26.4+0.6 26.4+0.7 26.4+0.6 0.81

Protein (g/day) 66.5+ 1.8 66.4+1.7 66.7+1.9 0.43

Protein energy, % in total energy 13.9+0.2 13.9+0.2 13.9+0.1 0.43

Data are shown as mean = SD or median (IQR). P values were calculated by t-test or Wilcoxon signed-rank test. SD: standard deviation; IQR: inter-

quartile range.
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Figure 1. Salivary amylase levels after starch loading according to Sl- and LI-ASAA (means * standard deviation). **P < 0.001,
***P < 0.0001 vs. SI-ASAA. LI-ASAA: ASAA at 60 min = 28 IU/L (n = 29); SI-ASAA: ASAA at 60 min < 28 IU/L (n = 31). SAA:
salivary a-amylase activity; LI-ASAA: large-increase in ASAA; SI-ASAA: small-increase in ASAA.
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Figure 2. Blood glucose levels after starch loading according to SI- and LI-ASAA (means + standard deviation). **P < 0.01, ***P < 0.001
vs. LI-ASAA. No significant difference in areas under the curve was observed between SI-ASAA (mean * standard deviation: 53.1 =
23.3 mg-min/dL) and LI-ASAA (43.5 + 11.6 mg-min/dL) (P = 0.051). LI-ASAA: ASAA at 60 min = 28 IU/L (n = 29); SI-ASAA: ASAA at 60
min < 28 [U/L (n = 31). SAA: salivary a-amylase activity; LI-ASAA: large-increase in ASAA; SI-ASAA: small-increase in ASAA.
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Table 2. Correlations Between SAA, BG Concentrations, Their Changes From Baseline, and Blood 3HB Levels Across Participants

SAA (U/mL) ASAA (U/mL) Blood 3HB (mmol/dL)
0 min 60 min 120 min 60 - 0 min 120 - 0 min 0 min 120 min

BMI (kg/m?) 0.002 -0.04 -0.03 -0.06 -0.01 0.09 0.13
BG (mg/dL)

0 min 0.23 0.20 0.13 0.09 -0.05 -0.19 0.21

30 min 0.04 -0.01 -0.04 -0.06 0.00 -0.14 0.05

60 min 0.04 -0.26* -0.32% -0.44%* -0.42%* 0.30% 0.21

90 min 0.09 -0.30%* -0.30%* -0.53%** -0.46%* 0.25 0.16

120 min 0.09 -0.25 -0.20 -0.42%* -0.31* 0.10 0.08
ABG

30 - 0 min -0.02 -0.05 -0.06 -0.05 0.04 -0.06 0.01

60 - 0 min -0.02 -0.28* -0.33* -0.42%* -0.37* 0.33%* 0.14

90 - 0 min 0.06 -0.31%* -0.31%* -0.50%** -0.43%* 0.27* 0.06

120 - 0 min 0.04 -0.30* -0.24 -0.46%* -0.31* 0.20 0.02

Area under the curve -0.07 -0.23 -0.24 -0.29% -0.16 0.18 0.12
Blood 3HB (mmol/dL)

0 min -0.07 -0.27* -0.26* -0.40%* -0.26 - 0.02

120 min -0.34%%* -0.16 -0.24 0.10 0.03 - -

*P < 0.05, **P < 0.01, ***P < 0.001 according to Spearman’s correlation coefficient. A: change from baseline; BG: blood glucose; BMI: body mass
index; 3HB: 3-hydroxybutyrate; SAA: salivary amylase activity.

Table 3. Generalized Liner Model of Variables for ABGs

ABG
Model and en- A 30 - 0 min A 60 - 0 min A 90 - 0 min A 120 - 0 min
rolled variables B Wald Chi- Wald Chi- ¢ Wald Chi- Wald Chi-
square value square value square value square value

Model 1

BMI -0.16 1.63 -0.13 1.31 -0.15 1.64 0.10 0.68

ASAA 60 - 0 min -0.06 0.21 -0.38**  10.5 -0.43**  13.8 -0.42%* 12,7
Model 2

BMI -0.07 0.24 -0.01 0.01 -0.05 0.20 0.25%* 4.83

BG 0 min -0.27* 4.02 -0.34*%*  7.69 -0.26* 4.73 -0.42%*% 134

SAA 0 min 0.05 0.14 0.04 0.14 0.09 0.62 0.05 0.21

ASAA 60 - 0 min -0.04 0.12 -0.36%*  10.6 -0.41** 133 -0.39**  13.7
Model 3

BMI -0.03 0.07 -0.04 0.12 -0.08 0.46 0.25% 4.66

BG 0 min -0.31* 5.23 -0.30* 6.10 -0.23 3.54 -0.42%*%  12.8

SAA 0 min 0.05 0.16 0.04 0.13 0.09 0.62 0.05 0.21

ASAA 60 - 0 min -0.11 0.69 -0.31*%*  6.78 -0.35%*  8.98 -0.39**  11.9

Blood 3HB 0 min -0.19 2.03 0.17 2.05 0.16 1.90 0.01 0.00

*P < 0.05, **P < 0.01. Each model includes relevant variables listed. Hormones, such as insulin, and serum lipids, such as triglyceride and high-
density lipoprotein cholesterol, and glycated hemoglobin (HbA1c) were unavailable in this study. All variables were standardized before analysis.
3 regression and Wald Chi-square values were calculated using a generalized liner model. B: regression coefficient; A: change from baseline; BG:
blood glucose; BMI: body mass index; 3HB: 3-hydroxybutyrate; SAA: salivary amylase activity.
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predictive value (largest  regression coefficient (f =-0.31 and
-0.35) and Wald Chi-square value (6.78 and 8.98)) among rel-
evant variables.

Discussion

Our study is the first to show higher BG levels after starch
loading in healthy young women with smaller increase in sali-
vary amylase, suggesting another crucial role of postprandial
salivary amylase for the postprandial glucose metabolism.

Results of postprandial glucose metabolism according to
low and high SAA were shown in previous study, although
postprandial SAA was not measured [2]. The previous study
also showed “cephalic phase insulin response” in high SAA
participants, which could prevent postprandial high BGs. Un-
fortunately, insulin measurement was not conducted in this
study. Therefore, further studies including hormone measure-
ments are needed to elucidate the underlying mechanism.

Alternatively, higher 3HB at baseline, but not at 120 min,
in SI-ASAA participants may suggest that lipids utility for
the energy was increased by nature and was not prepared for
glucose usage in individuals with smaller increase in salivary
amylase, linking to subsequent high BGs, which is consistent
with our previous study [18]. Furthermore, inverse correlation
between baseline SAA and 3HB at 120 min suggests that in-
dividuals with high SAA at baseline utilize much glucose for
the energy and produce less ketone during the starch loading.

Interestingly, no difference was observed in baseline SAA
between LI- and SI-ASAA groups. In addition, baseline SAA
was not correlated with ASAA at 60 and 120 min, suggesting
that baseline SAA is a poor marker for subsequent glucose me-
tabolism compared with postprandial SAA.

In general, maximum BG occurs around 1 h post-glucose
or starch ingestion in healthy people and those with early type
2 diabetes [9, 10], which is consistent with current results.

However, in our study, SAA and ASAA at 60 min were
most inversely correlated with BG and ABG at 90 min, but not
at 60 min, suggesting that SAA 1 h postprandially can relate
with the postprandial glucose metabolism probably with some
time lag. Unfortunately, the underlying mechanism of SAA 1 h
postprandially, when the oral cavity is empty, on BG metabo-
lism was unclear.

Several limitations should be mentioned in this study.
First, all participants were apparently healthy university stu-
dents who underwent regular checkups including urinalysis,
but not blood test for biochemical parameters. Therefore, indi-
viduals with latent endocrine disease were not ruled out com-
pletely in this study. Second, it is unclear whether participants
under menstruation were included in this study. Third, hor-
mones such as insulin, glucagon, glucagon like peptide 1 were
not measured in this study, which does not allow us to specu-
late the underlying mechanism. Finally, different results may
be observed in patients with type 2 diabetes, whose maximum
BG occurs later (around 2 h postprandially) [10, 19], because
participants’ BMI and energy intake were relatively low in this
study, albeit these values were within normal ranges for young
Japanese women [20].

In conclusion, we found higher BG levels after starch
loading in healthy young women with smaller increase in oral
salivary amylase, suggesting another crucial role of postpran-
dial salivary amylase for the postprandial glucose metabolism.
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