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Abstract
OBJECTIVE: It is unknown whether low serum levels of salivary and pancreatic amylases are
associated with the high combustion of carbohydrates or lipids for energy. Elevated blood ketones
and a low respiratory quotient (RQ) can reflect the preferential combustion of lipids relative to
carbohydrates. Therefore, using the data from our previous study, we investigated if low levels of
serum amylases were associated with a high serum ketone level and low RQ in 60 healthy non-obese
young women aged 20–39 years old.
RESULTS: Serum ketones [3-hydroxybutyric acid (3-HBA) and acetoacetic acid (AA)] were inversely
correlated with RQs, but not body mass index (BMI) or glycated haemoglobin (HbA1c) levels. Logistic
regression analysis showed that high levels of serum ketones (3-HBA ≥ 24 μmol/L and AA ≥ 17
μmol/L) and a low RQ (< 0.766) were significantly associated with low serum salivary (< 60 U/L) and
pancreatic (< 29 U/L) amylase levels, respectively. These associations were not altered by further
adjustments for age, BMI, HbA1c, and estimated glomerular filtration rate. These results confirm the
high combustion of lipids for energy in individuals with low serum amylase levels, suggesting a close
relationship between circulating amylases and internal energy production.

Introduction
We previously showed an association between low serum amylase and positive ketonuria assessed by
dipstick urinalysis in a general population of Japanese adults who underwent a health-screening
check-up. These results suggested a lower availability of carbohydrates for energy production in
individuals with low serum amylase levels [1]. However, the determination by ketonuria using dipstick
urinalysis may be inaccurate with dichotomized results: negative or positive responses [2,3]. By
contrast, serum ketones, such as 3-hydroxybutyric acid (3-HBA) and acetoacetic acid (AA) can reflect
a more accurate condition related to the combustion of lipids caused by increased β-oxidation of fatty
acids in the liver [4-6]. The level of respiratory quotient (RQ), which is the ratio of CO2 produced to O2
consumed, also reflects the combustion of macronutrients while food is being metabolized [7,8]. In
our recent study conducted for the purpose of elucidating association between salivary amylase gene
and glucose metabolism in 60 healthy young Japanese women aged 20-39 years [9], we found no
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significant correlation of serum salivary and pancreatic amylase with serum ketones. However, these
correlations were tested from the viewpoint of continuous variables. Additionally, these correlations
were not evaluated controlling for confounding factors such as age, body mass index (BMI) and
glycated haemoglobin (HbA1c). Although many clinical studies have shown that low serum amylase is
significantly associated with diabetes and obesity [10,11], underlying mechanism and potential
treatments for such physiology (low serum amylase and diabetes) including diet therapy remain
unknown. Therefore, to confirm and advance our previous findings [1,9], we aimed to investigate the
association of low serum salivary and pancreatic amylases with high serum ketones and a low RQ by
conducting a sub-analysis of the data from our previous study that consisted of healthy non-obese
young women [9].

Materials And Methods
Study design and participants
We reanalysed the data from our previous study [9] that consisted of 60 healthy Japanese women
aged 20–39 who were non-smokers, had a normal BMI (< 25.0 kg/m2), and had no history of
metabolic disorders including diabetes and dyslipidemia.
Measurements
Anthropometric and laboratory measurements were obtained in the morning following an overnight
fast. Biochemical parameters, including glycated haemoglobin (HbA1c), ketones (3-HBA and AA), and
amylase (salivary and pancreatic), were measured using standard methods by SRL, Inc., a Japanese
clinical laboratory test company. HbA1c (Japan Diabetes Society) was converted to HbA1c (National
Glycohemoglobin Standardization Program) [12]. RQs at rest for five minutes were measured using an
AR-1 portable gas monitor (ARCO SYSTEM Inc, Japan). The degree of estimated glomerular filtration
rate (eGFR) was also considered as a confounding factor because kidneys play a major role in
eliminating circulating amylase [13,14]. eGFR was calculated for Japanese female subjects using the
following equation [15].
eGFR (ml/min/1.73 m2) = 194 × serum creatinine (mg/dl)–1.094 × age–0.287 × 0.739
Statistical analysis
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Because the distributions of serum ketones and RQs were expected to be skewed, the correlations of
these were tested by Spearman’s rank correlation. Since the median levels of 3-HBA, AA, serum
salivary amylase, and serum pancreatic amylase were 24 µmol/L, 17 µmol/L, 60 U/L, and 29 U/L,
respectively, high levels of serum 3-HBA and AA and low levels of serum salivary and pancreatic
amylases were determined as ≥ 24 µmol/L, ≥ 17 µmol/L, < 60 U/L, and < 29 U/L, respectively, in this
study. The proportion of serum salivary amylase in total (salivary + pancreatic) serum amylase was
also considered. Low proportion of serum salivary amylase was determined as < 66 %, which was the
mean of proportion of serum salivary amylase.
The RQ is usually divided into tertile in terms of the combustion of the three macronutrients (0.9-1.0
for carbohydrates, 0.8-0.9 for proteins or mixture, and 0.7-0.8 for lipids) [8]. The lowest tertile of the
RQ equivalent to lipid combustion was 0.766 in this study. Therefore, to investigate the combustion of
lipids, a low RQ was determined as < 0.766. Logistic regression analysis was used to test the
association of low serum salivary and pancreatic amylases with low serum ketones and RQs
considering confounding factors (age, BMI, HbA1c, and eGFR). Low proportion of serum salivary
amylase was also tested instead of low salivary amylase. Statistical analysis was performed using SAS
Enterprise Guide (SAS-EG 7.1) in SAS version 9.4 (SAS Institute, Cary, NC, USA). A p value < 0.05 was
considered to indicate statistical significance.

Results
The characteristics of the participants were reported in our previous study [9], which indicated that
the mean of each parameter was within the normal range. Fig 1 shows the distributions of serum
ketones, which were highly skewed to the lowest level, whereas the distribution of the RQ was mildly
skewed to a low level. The distributions of serum amylases are shown in Supplementary Fig 1. An
almost normal distribution was observed in the concentration of serum salivary amylase, whereas the
distribution of the serum pancreatic amylase was unclear.
Although data is not shown, serum ketones were significantly correlated with RQ (r = -0.45, p =
0.0005 for 3-HBA and r = -0.36, p = 0.006 for AA) but not BMI (r = -0.06, p = 0.63 for 3-HBA and r =
-0.10, p = 0.45 for AA) or HbA1c (r = -0.10, p =0.46 for 3-HBA and r = -0.07, p = 0.60 for AA). In
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addition, no significant correlation was observed between RQ and BMI (r = -0.09, p = 0.50) or
between RQ and HbA1c (r = -0.12, p = 0.35).
Logistic regression analysis showed that low serum salivary amylase (< 60 U/L) was significantly
associated with high levels of serum 3-HBA (≥ 24 μmol/L) and AA (≥ 17 μmol/L), but not with a low RQ
(< 0.766) (Table 1), which were not altered by the further adjustment for age, BMI, HbA1c, and eGFR
(Model 3). Table 2 shows the associations of low serum pancreatic amylase (< 29 U/L) with high
serum ketones and a low RQ. Low serum pancreatic amylase was significantly associated with a low
RQ, but not with high levels of serum 3-HBA or AA (Table 2). These associations were not altered by
further adjustment for confounders (Model 3). No significant association was observed between low
proportion of serum salivary amylase (< 66%) and high levels of serum 3-HBA, AA, and low RQ,
regardless of the adjustment for confounders (data not shown).

Discussion
In the current study, we found significant associations between low serum salivary amylase and high
serum ketones, and between low serum pancreatic amylase and low RQs in healthy subjects. These
associations were independent of relevant confounders including age, BMI, HbA1c, and eGFR.
However, the proportion of salivary to total amylase was unlikely to relate with high serum ketones
and low RQ, although the proportion of salivary amylase was correlated with the level of blood
glucose at early time point after starch loading in our previous study [9].
Because subjects in this study are healthy non-obese young female non-smokers, current results
indicate fundamental relationship among serum salivary and pancreatic amylase and metabolic
indices such as blood ketones and RQ. As both high serum ketones and low RQs reflect the high
combustion of lipids compared with carbohydrates [4-6], our current findings suggest that individuals
with low serum salivary and pancreatic amylases may obtain their energy predominantly by lipid
combustion (fatty acid oxidation), which is consistent with our previous study that showed an
association between low total serum amylase and ketonuria in a heterogeneous population with a
broad range of age (25-79 years) [1].
Notably, in our previous study [1], no significant inverse correlation between serum ketones and
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serum salivary and pancreatic amylases, which were assessed as continuous variables, was observed.
However, significant associations between low serum salivary amylase and high serum ketones were
observed in this study. This discrepancy may depend on the difference in statistical methods between
nonparametric correlation tests in the previous study and logistic regression analysis in the current
study, likely because serum ketones were highly skewed almost to an undetectable level (Figure 1A
and 1B). In contrast, the previous study showed a positive correlation between serum pancreatic
amylase and RQ, which is consistent with the observed association between low pancreatic amylase
and low RQs in this study. The degree of skewness of RQ values is mild compared with those of serum
ketones (Figure 1C), which may contribute to the similar RQ results of this study and previous studies.
It has been shown that reduced rates of fat oxidation, namely, high RQ, may contribute to the
predisposition to obesity or weight gain [16-18]. However, the predisposition to fat accumulation is
associated with high tissue sensitivity to insulin [19,20]. Schutz showed in his study [16] that high RQ,
low fat oxidation, and high insulin sensitivity (predictors) were observed in the dynamic phase,
whereas low RQ, high fat oxidation, and insulin resistance (outcomes) were observed in the static
phase (compensated state). In line with this, we have considered potential underlying mechanism for
the current findings (Supplementary Figure 2), although this study is a cross-sectional study in nature.
Baseline individual levels of serum amylases, which are genetically determined in most cases, are
likely to be influenced by other factors including obesity and insulin resistance, eventually resulting in
alternation of energy metabolism. The subjects with low serum salivary or pancreatic amylases
observed in this study may be at the static phase or feedback phase because low RQ and high serum
ketones (high fat oxidation) were associated with low serum pancreatic and salivary amylase,
respectively.
Although high levels of ketones often reflect a deficiency in insulin secretion in diabetic patients [2-4],
no subjects in this study had diabetes or impaired glucose metabolism. By contrast, the ketogenic
diet, which involves carbohydrate restriction, frequently causes elevated serum ketones, even in
healthy individuals [3,4]. Because current subjects were young women aged 20-39 years, a proportion
of the subjects may have conducted such a diet during this study, which may have contributed to the
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high levels of serum ketones, especially in the fasted state in the morning. This issue deserves further
study.
Although current study indicates that fatty acids may be predominantly used as an energy source in
individuals with low serum amylase, it is unclear if a diet rich in lipids is suitable for individuals with
low serum amylase. Taken together, our studies suggest that a close relationship may exist between
serum amylase and the specific type of macronutrient combustion used for energy.
While increases in serum amylase occur because of leakage from salivary glands and the pancreas,
the clinical relevance of this remains unknown. Circulating amylases might just be a marker of leaks
or damage, albeit several investigators have suggested a feedback system between serum amylase
and insulin action [10,11,21]. Insulin resistance may downregulate the production of amylase [21],
possibly for the purpose of reducing absorption of glucose digested from starch. On the contrary, high
levels of serum amylase can reduce the secretion of insulin in the pancreas [21]. However, it is
unknown whether this plausible feedback system is also applicable in the salivary gland.
In conclusion, the current results obtained from the reanalysis of our previous study confirm the high
combustion of lipids for energy in individuals with low serum amylases, suggesting a close
relationship between circulating amylases and internal energy production.

Limitations
First, although low serum amylases may be caused by insulin resistance and reduced insulin secretion
[10,21], insulin levels were not measured in this study, and therefore, precise underlying mechanism
remains to be elucidated. Second, this study was conducted on a relatively small sample of 60
Japanese women, which can influence the reliability of our results. However, the enrolled subjects in
this study were considered as homogeneous in nature because they were all young healthy nonobese non-smokers without metabolic abnormality. Therefore, current results may reflect a
fundamental physiological relationship between serum amylases and metabolic indices, regardless of
small sample size. On the contrary, the present results may not be applicable to other populations,
such as those in western countries, who may have lower blood amylases [22] than the current
subjects.

7

Declarations
Acknowledgements
We thank Melissa Crawford, PhD, from Edanz Group (https://en-author-services.edanzgroup.com/) for
editing a draft of this manuscript.
Author Contributions
K.N. contributed to the overall study design. K.N. and R.H. contributed to the interpretation of the
initial analysis and discussion of the literature. R.H., T.I., and A.I. measured parameters and collected
the serum data, and others, including R.Q and K.N., prepared the first draft of the manuscript. All
authors read and approved the manuscript.
Funding
This study was supported by grants from the Rice Stable Supply Support Organization (Public Interest
Incorporated Association), Tokyo, Japan.
Availability of data and materials
A confidentiality agreement with participants prevents us from sharing the data.
Conflicts of Interest: The authors declare no conflict of interest.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Kanagawa University of Human Services (ID
number 71-31). Written informed consent was obtained from each participant.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Abbreviations
RQ: Respiratory quotient; 3-HBA: 3-hydroxybutyric acid; AA: Acetoacetic acid; BMI: body mass index;
HbA1c: Glycated haemoglobin; eGFR: estimated glomerular filtration rate.

References
1.

Nakajima K, Oda E. Ketonuria may be associated with low serum amylase
independent of body weight and glucose metabolism. Arch Physiol Biochem. 2017
8

Dec;123(5):293-296.
2.

MacGillivray MH, Voorhess ML, Putnam TI, Li PK, Schaefer PA, Bruck E. Hormone and
metabolic profiles in children and adolescents with type I diabetes mellitus. Diabetes
Care. 1982 May-Jun;5 Suppl 1:38-47.

3.

Comstock JP, Garber AJ. (1990). Ketonuria Clinical Methods: The History, Physical,
and Laboratory Examinations. 3rd edition. Butterworths; Chapter 140.

4.

Akram M. A focused review of the role of ketone bodies in health and disease. J Med
Food. 2013;16:965-7.

5.

Cotter DG, Schugar RC, Crawford PA. Ketone body metabolism and cardiovascular
disease. Am J Physiol Heart Circ Physiol. 2013;304:H1060-76.

6.

Puchalska P, Crawford PA. Multi-dimensional Roles of Ketone Bodies in Fuel
Metabolism, Signaling, and Therapeutics. Cell Metab. 2017;25:262-284.

7.

Westerterp KR. Food quotient, respiratory quotient, and energy balance. Am J Clin
Nutr. 1993 May;57(5 Suppl):759S-764S.

8.

Patel H, Bhardwaj A. Physiology, Respiratory Quotient. StatPearls. Treasure Island
(FL): StatPearls Publishing; 2020-2018 Oct 27.

9.

Higuchi R, Iwane T, Iida A, Nakajima K. Copy number variation of the salivary
amylase gene and glucose metabolism in healthy young Japanese women. J Clin Med
Res. 2020;12:184-189.

10.

Nakajima K. Low serum amylase and obesity, diabetes and metabolic syndrome: A
novel interpretation. World J Diabetes. 2016;7:112-21.

11.

Ko J, Cho J, Petrov MS. Low serum amylase, lipase, and trypsin as biomarkers of
metabolic disorders: A systematic review and meta-analysis. Diabetes Res Clin Pract.
2020;159:107974.

12.

Kashiwagi A, Kasuga M, Araki E, et al. International clinical harmonization of glycated
9

hemoglobin in Japan: From Japan Diabetes Society to National Glycohemoglobin
Standardization Program values. J Diabetes Investig. 2012;3:39-40.
13.

Junge W, Mályusz M, Ehrens HJ. The role of the kidney in the elimination of pancreatic
lipase and amylase from blood. J Clin Chem Clin Biochem. 1985;23:387-92.

14.

Collen MJ, Ansher AF, Chapman AB, Mackow RC, Lewis JH. Serum amylase in patients
with renal insufficiency and renal failure. Am J Gastroenterol. 1990;85:1377-80.

15.

Matsuo S, Imai E, Horio M, et al. Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis. 2009;53:982-92.

16.

Schutz Y. Abnormalities of fuel utilization as predisposing to the development of
obesity in humans. Obes Res. 1995 Sep;3 Suppl 2:173S-178S.

17.

Ellis AC, Hyatt TC, Hunter GR, Gower BA. Respiratory quotient predicts fat mass gain
in premenopausal women. Obesity (Silver Spring). 2010 Dec;18(12):2255-9.

18.

Shook RP, Hand GA, Paluch AE, et al. High respiratory quotient is associated with
increases in body weight and fat mass in young adults. Eur J Clin Nutr. 2016
Oct;70(10):1197-1202.

19.

Travers SH, Jeffers BW, Eckel RH. Insulin resistance during puberty and future fat
accumulation. J Clin Endocrinol Metab 2002;87:3814–3818.

20.

Maffeis C, Moghetti P, Grezzani A et al. Insulin resistance and the persistence of
obesity from childhood into adulthood. J Clin Endocrinol Metab 2002;87:71–76.

21.

Pierzynowski SG, Gregory PC, Filip R, Woliński J, Pierzynowska KG. Glucose
homeostasis dependency on acini-islet-acinar (AIA) axis communication: a new
possible pathophysiological hypothesis regarding diabetes mellitus. Nutr Diabetes.
2018;8:55.

22.

Viljakainen H, Andersson-Assarsson JC, Armenio M, et al. Low Copy Number of the
AMY1 Locus Is Associated with Early-Onset Female Obesity in Finland. PLoS One.
10

2015;10:e0131883

Tables
Table 1 Odds ratios of low salivary amylase for high serum ketones and low RQ
Normal-high serum salivary
amylase N = 27

= 33

10 (32.3)

21 (67.7)

High serum 3-HBA, n (%)
Model 1
Model 2
Model 3

1 (reference)
1 (reference)
1 (reference)

High serum AA, n (%)
Model 1
Model 2
Model 3

9 (33.3)
1 (reference)
1 (reference)
1 (reference)

Low RQ, n (%)
Model 1
Model 2
Model 3

Low serum salivary amylase N

7 (25.9)
1 (reference)
1 (reference)
1 (reference)

Odds ratios (95% ICs)

Odds ratios (95% ICs)

Odds ratios (95% ICs)

2.98 (1.04 -8.55)
3.40 (1.12-10.3)
4.40 (1.32-14.7)

23 (69.7)
4.60 (1.54-13.7)
5.42 (1.70-17.3)
6.64 (1.91-23.1)

13 (39.4)
1.86 (0.61-5.63)
1.96 (0.62-6.21)
1.87 (0.56-6.20)

Model 1: Unadjusted
Model 2: Adjusted for age and BMI as continuous variables.
Model 3: Model 2 with additional adjustments for HbA1c and eGFR as continuous variables.

Low serum salivary amylase: < 60 U/L (vs. normal-high serum salivary amylase, ≥ 60 U/L),
High serum 3-Hydroxybutyric acid ≥ 24 μmol/L (vs. normal serum 3-Hydroxybutyric acid, <
24 μmol/L),
High serum acetoacetic acid ≥ 17 μmol/L (vs. normal serum acetoacetic acid, < 17 μmol/L),
Low RQ: < 0.766 (vs. normal-high RQ, ≥ 0.766)

AA, acetoacetic acid; BMI, body mass index; eGFR, estimated glomerular filtration rate; 3-HBA, 3Hydroxybutyric acid; RQ, respiratory quotient.
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Table 2 Odds ratios of low pancreas amylase for high serum ketones and low RQ
Normal-high serum pancreas

Low serum pancreas amylase N

amylase N = 31

= 29

14 (45.2)

17 (58.6)

High serum 3-HBA, n (%)
Model 1
Model 2
Model 3

1 (reference)
1 (reference)
1 (reference)

High serum AA, n (%)
Model 1
Model 2
Model 3

14 (45.2)
1 (reference)
1 (reference)
1 (reference)

Low RQ, n (%)
Model 1
Model 2
Model 3

6 (19.4)
1 (reference)
1 (reference)
1 (reference)

Odds ratios (95% ICs)

Odds ratios (95% ICs)

Odds ratios (95% ICs)

1.72 (0.62-4.79)
2.13 (0.73-6.26)
2.41 (0.79-7.36)

18 (62.1)
1.99 (0.71-5.57)
2.23 (0.77-6.49)
2.20 (0.73-6.56)

14 (48.3)
3.89 (1.23-12.3)
3.37 (1.04-11.0)
5.21 (1.41-19.2)

Model 1: Unadjusted
Model 2: Adjusted for age and BMI as continuous variables.
Model 3: Model 2 with additional adjustments for HbA1c and eGFR as continuous variables.

Low serum pancreatic amylase: < 29 U/L (vs. normal-high serum salivary amylase, ≥ 29 U/L),
High serum 3-Hydroxybutyric acid ≥ 24 μmol/L (vs. normal serum 3-Hydroxybutyric acid, <
24 μmol/L),
High serum acetoacetic acid ≥ 17 μmol/L (vs. normal serum acetoacetic acid, < 17 μmol/L),
Low RQ: < 0.766 U/L (vs. normal-high RQ, ≥ 0.766 U/L)

AA, acetoacetic acid; BMI, body mass index; eGFR, estimated glomerular filtration rate; 3-HBA, 3Hydroxybutyric acid; RQ, respiratory quotient.

Figures
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Figure 1
Distributions of 3-Hydroxybutyric acid, acetoacetic acid, and RQ A, 3-Hydroxybutyric acid; B,
Acetoacetic acid; C, RQ
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