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Abstract

Objectives

Malnutrition, defined according to Nutritional risk screening (NRS 2002), is commonly

observed in patients of Myasthenia gravis (MG), a neuromuscular disorder manifested by

varied degrees of skeletal muscle weakness. Because biochemical composition of saliva

changes in correspondence to alterations in nutritional status, we tested our hypothesis that

a certain saliva component(s) might serve as a biomarker(s) for nutrition status of MG, par-

ticularly for those MG patients with high risk of malnutrition.

Materials and methods

60 MG patients and 60 subjects belonging to the healthy control group (HCG) were enrolled

in this case-control study. The salivary α-amylase (sAA) activity, salivary flow rate (SFR),

pH, total protein density (TPD), and the concentrations of chloride and calcium ions in MG

group with or without malnutrition were measured before and after citric acid stimulation.

Thereafter, the relationship between sAA activity and BMI was determined in MG and HCG.

Results

Compared with HCG, more patients with malnutrition, increased TPD and chloride and cal-

cium concentrations but decreased pH value and SFR both before and after acid stimula-

tion, as well as reduced sAA activity, pH and TPD responses to acid stimulation. MG with

malnutrition showed decreased sAA activity and TPD responding to acid stimulation com-

pared with those without malnutrition. Compared with normal BMI, sAA activity response to

acid stimulation was reduced in low BMI. There was a significant strong positive correlation

between the ratio of sAA activity and BMI in MG.

Conclusions

Salivary biochemical characteristics are abnormally altered in MG with malnutrition. Altered

sAA activity responding to acid stimulation was associated with malnutrition.
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Clinical relevance

Decreased sAA activity responding to acid stimulation can reflect malnutrition state and may

be one potential screening marker for MG patients with high risk of malnutrition.

Introduction

Myasthenia gravis (MG), caused by a breakdown in the normal communication between

nerves and muscles, is characterized by weakness and rapid fatigue of muscles under voluntary

control. It has been reported that up to two-thirds of individuals with MG suffered from dys-

phagia was attributable to the fatigue of muscles involved in chewing and swallowing [1, 2],

which in turn lead to deleterious complications, such as malnutrition [3], inappetence, and

reduced quality of life [4]. Inappetence and malnutrition are commonly associated with long-

term usage of glucocorticoids and immunosuppressants in MG. Several studies have reported

that malnutrition of MG patients was closely related to long hospital stay, high morbidity and

mortality, and increased economic burden [5, 6]. The nutrition status is associated with the

incidence and prognosis of MG patients with complications of respiratory failure [7]. Malnu-

trition of MG patients has also been associated with increased risk of dyspnea [8]. Preoperative

nutrition support to MG patients has been shown to be effective in reducing postoperative

complications, as well as lowering the risk of postoperative infectious complications and short-

ening hospital stays [9]. Therefore, it is imperative to perform routine screening of nutrition

status in MG patients to identify those patients with malnutrition. To date, a standard diagnos-

tic method(s) for routine nutrition status measurement is unavailable.

Currently, two types of tools have been proposed for screening nutritional risk, namely sim-

ple tool and the multidimensional tool, respectively [10]. The simple tool screens for malnutri-

tion by taking into considerations of laboratory tests and anthropometric measures, including

body mass index (BMI), serum albumin, and percentage of recent weight loss. Estimation of

food intake and disease severity are necessarily included in the factors of the nutritional evalu-

ation, because deterioration of nutritional status is most likely linked to several contributing

factors concerning food supply, apart from the disease process itself [11]. Hence, the multidi-

mensional tool offers a more comprehensive assessment of nutrition status by assessing a vari-

ety of factors, including BMI, body weight loss and dietary intake, as well as disease severity

and comorbidity. One commonly used multidimensional tool is known as the Nutritional Risk

Screening (NRS2002) that is widely used in hospitals [12]. Although these tools are relatively

rapid and easy to use, they are not always applicable to bedridden MG patients who are often

too weak to stand up for body-weight measurements. Moreover, because determination of

serum albumin is a relatively invasive procedure that does not allow multiple and frequent

sampling, it is desirable to develop a non-invasive and cost-effective method for timely identi-

fying patients who require nutritional support.

Saliva, a liquid secreted from salivary glands, contains compounds that also present in

blood. and, to certain extent, reflects nutritional state and metabolic variations of the body

[13]. Additionally, senses of taste and smell, dental status, and saliva flow are considered as

important contributing factors for the maintenance of a good nutritional status [14, 15].

Numerous studies have shown that patients with reduced salivary secretion suffered from taste

and smell disorders [16], and nutritional status was impaired in patients with taste and smell

abnormalities [17]. Moreover, salivary compositions are closely associated with nutritional sta-

tus, where some elements in saliva, such as protein, minerals and vitamins, were changed with

alteration in nutritional status [18, 19]. Our prior data have shown that salivary α-amylase
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(sAA) activity, in response to citric acid stimulation, reduced significantly in low-BMI children

and chronic non-atrophic gastritis patients [20, 21]. As mentioned, presently available full

nutritional assessments are not only cumbersome but also invasive. Thus, it has been suggested

that, saliva could be a reliable and useful non-invasive surrogate for assessing nutritional status

[22].

To date, the specific salivary biochemical characteristics and their relationships with malnu-

trition in MG patients remain largely unknown. Herein, we hypothesize that malnutrition in

MG potentially leads to altered salivary secretion, saliva composition and metabolism. To

assess the malnutrition state and develop potential marker of screening for nutritional risk in

MG patients, we studied the salivary biochemical characteristics in MG patients, especially

patients with malnutrition and varying BMI, with the purpose to assess the salivary biochemi-

cal changes in MG patients under both pre-citric acid and post-citric acid stimulation, and the

association between the compositions of saliva and malnutrition in MG patients. The present

data clearly indicate an abnormal alternation of salivary biochemical characteristics in MG

patients and demonstrated that reduced sAA activity, in response to citric acid stimulation,

can reveal malnutrition status. These findings suggest strongly that the acute sAA activity, in

response to citric acid stimulation, can be used a convenient tool in screening of nutritional

risks in MG patients, which is important in timely and effectively achieving prevention of det-

rimental weight loss, improving health outcomes, and reducing mortality.

Material and methods

Participant enrollment

60 patients with MG in stage II were enrolled at The First Affiliated Hospital of Guangzhou

University of Chinese Medicine from October 2015 to July 2016, and 60 healthy subjects were

recruited as healthy control group (HCG) at Guangzhou University of Chinese Medicine. The

diagnosis standard was confirmed by presentation of an EMG amplitude decrement on repeti-

tive stimulation and/or by the presence of anti-AChR antibodies in the blood [23]. MG was

classified according to Osserman’s classification set by the committee of the American myas-

thenia gravis foundation [24]. The duration of illness was ranged from 6 months to 24 months

for the MG group, in order to minimize variation due to a broad disease course range. The

healthy participants were defined as normal subjects without any serious symptoms or dis-

eases, such as pain, drooling, inappetence, vomit, diarrhea, digestive system diseases, cardio-

vascular diseases, endocrine system diseases, and immunological diseases. And the potential

healthy participants were recruited via advertisements in newspapers, through flyers posted in

the campus of Guangzhou University of Chinese Medicine. Finally, 60 healthy participants

were recruited from 92 initial participants.

The participant inclusion criteria were shown as followed: (i) age range of 18–50 years, (ii)

willingness to participate in the study, and (iii) fit well with the diagnostic criteria for MG and

healthy subjects. Participants who presented with any of the following categories were

excluded: (i) pregnant and nursing women; (ii) oral disease, including periodontal disease and

caries; (iii) autoimmune, infectious, or malignant disease; (iv) recent operation or trauma; (v)

history of alcohol consumption and smoking; and (vi) drug use 7 days prior to the study,

which directly affect salivary secretion, such as adrenergic agonists, cholinesterase inhibitors

and antidepressants drugs.

Ethical approval

This study was conducted according to the guidelines laid down in the Declaration of Helsinki

and all procedures involving human subjects/patients were approved by the Academic Ethics
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Committee of Guangzhou University of Chinese Medicine (No. 2015-10-20). All of the partici-

pants provided written informed consent to participate in the study. Furthermore, our present

report conformed to the Strengthening the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) guidelines.

Sample collection and pretreatment

According to our prior optimized saliva collection method [25], we collected whole saliva

from each patient at a constant temperature, in a bright and quiet environment at 7:00

AM–8:00 AM to minimize diurnal variation. All subjects were required to refrain from eat-

ing or drinking other than water 1 h before sample collection, and were comfortably seated

under resting conditions for over 30 min. The whole saliva which sampled at rest state was

collected by gently rotating swab of Salivette (Sarstedt, Nümbrecht, Germany) at a certain

speed (six times per minute) for 1.5 min. Thereafter, the sample was placed in centrifuge

tube and centrifuged (4˚C, 4440 × g, 10 min) to obtain the supernatant liquid as non-stim-

ulation salivary sample. Gustatory stimulation was achieved by placing a square filter paper

(1 × 1 cm; Hangzhou Special Paper Co., Ltd., Hangzhou, Zejiang, China model 102) with

10% citric acid on the upper tip of the tongue for 30 s. Before collection, subjects were

required to raise their tongue tips, which were then swabbed and dried with a cotton swab

to prevent the retained citric acid from affecting the salivary pH value. Afterward, the stim-

ulated saliva samples were collected with Salivette by the same procedure as that of non-

stimulation saliva samples described previously. All the saliva samples were frozen at -80˚C

for subsequent measurement. And there was no complaint among all participants during

sampling.

Salivary indices test

Salivary flow rate (SFR, mL/min) was immediately detected after sample collection by gravi-

metric method [26]. Generally, the weights of tube or salivette before and after the whole saliva

collection were defined as m1 (g) and m2 (g), respectively, and the collection time was

recorded as t (min). The SFR value was obtained through the formula, where SFR (mL/min) =

(m2-m1)/ (1 × t), where the whole salivary density was defined as 1.0 g/mL in accordance with

a prior study [27]. Salivary pH value was measured immediately after saliva collection with the

laboratory pH meter (FE20, METTLER TOLEDO Ltd., Greifensee, Switzerland). The sAA

activity was detected through the enzymatic hydrolysis of a chromogenic substrate (maltose;

Sigma Aldrich (Shanghai) Trading Co. Ltd. (China), Shanghai, China Product Number

M5885) [28]. The substrate is cleaved by sAA and α-glucosidase to release ρ-nitrophenol,

which has an absorption peak at 405 nm (yellow). The sAA activity was determined by mea-

suring absorbance at 405nm by an ultraviolet spectrophotometer (UV mini-1240, Shimadzu,

Kyoto, Japan) per unit time (ΔA/min) and was expressed as U/mL. The intra-assay and inter-

assay relative standard deviations were 3.92 and 4.45, respectively. One unit (U) was defined as

the amount of enzyme that is required to liberate 1.0 mg of maltose from starch in 3 min at pH

6.9 and37˚C. The concentrations of salivary total proteins, salivary calcium (Ca2+), and chlo-

ride (Cl-) were measured according to the manufacturers’ instructions of the BCA Protein

Assay Kit(CWBIO, Lot: 00101504, Beijing Com Win Biotech Co., Ltd., Changping, Beijing,

China), QuantiChrom™ Calcium Assay Kit, and QuantiChrom™ Chloride Assay Kit (Bio Assay

Systems, QuantiChrom™ Calcium Assay Kit (Lot: DICA-500) and QuantiChrom™ Chloride

Assay Kit (Lot: DICL-250), Bio Assay Systems, Hayward, CA, USA), respectively. All analysis

was carried out in a blinded manner.
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Screening for nutritional risk

Before sample collection, all participants were required to complete screening for nutritional

status with the Nutritional Risk Screening (NRS 2002) method [29]. All participants are scored

in each of the two components (i) malnutrition and (ii) disease severity, depending upon

whether they are absent, mild, moderate or severe, giving a total score 0–6. Nutritional status

of all participants was divided into two groups according to their NRS2002 scores; (i) the M-

group with a total score of� 3 was considered being nutritionally at-risk, and (ii) the

N-Group with a total score of< 3 was considered not-at-risk.

Statistical analysis

After the Shapiro test for normality and Homogeneity of variance test, the data between MG

and HCG, as well as between MG patients with and without malnutrition were used a 2×2

mixed ANOVA to compare the differences of each test index before and after acid stimulation

in the same group, before and after acid stimulation in different groups. The Mann-Whitney

U test for between-group comparisons or the Wilcoxon signed-rank test for within-group

comparisons were performed otherwise. Categorical differences between the two groups were

tested using the Chi-square test or Fisher’s exact test when expected frequencies are less than

5. The correlation analysis was conducted between indexes by Spearman Correlation Analysis.

The data were expressed as mean ± standard deviation of the mean. Analysis was performed

with Statistical Product and Service Solutions (SPSS), Chicago, Illinois, USA 18.0, and the sig-

nificant level was set at P< 0.05. Two-sided significant tests were used throughout the analysis.

Results

Clinical information in participants

There was no statistically significant baseline difference between MG and HCG in gender, age,

and heart rate (Table 1). Meanwhile, the average body mass index (BMI) of MG was signifi-

cantly lower than that of HCG (p< 0.01). The sample was divided into two groups according

to their MNA scores. The M-group included 43 participants classified as nutritionally at-risk

(NRS score� 3), and the N-Group was made up of 17 participants not considered to be nutri-

tionally at-risk (NRS score < 3) in MG. Higher rate of malnutrition was observed in MG

group than HCG group (71.46%, 43/60 vs 0%, 0/60; p< 0.01).

Salivary biochemical characteristics pre-and post-acid stimulation

For MG, when compared with HCG, the concentrations for total protein density (TPD), cal-

cium (Ca2+) and chloride (Cl−) were significantly increased, whereas pH value and SFR were

decreased (P<0.01) under both pre- and post-acid stimulation conditions (Table 2).

Table 1. Clinical information for all participants.

N Gender Age (years) Heart rate BMI (kg/m2) Nutritional status (%)

Male Female M-group(NRS�3) N-group(NRS<3)

HCG 60 27 33 30.62±5.76 75.4±0.8 21.19±1.58 0(0/60) 100.0(60/60)

MG 60 24 36 42.48±9.25 74.8±0.9 18.57±2.04� 71.67(43/60) � 28.33 (17/60)

Note

�p<0.01, compared with HCG by unpaired t-test when variances are not significantly different or by Mann-Whitney U test when variances are significantly different.

Data are expressed as mean±SD. The Fisher’s exact test was used to compare frequency numbers of the M-group in MG with observed data in HCG.

https://doi.org/10.1371/journal.pone.0269621.t001
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Compared with pre-stimulation condition in the same group, the levels of SFR, pH value

and Ca2+concentration were increased in HCG (p<0.01), while sAA activity and Cl− concen-

tration were decreased significantly (p<0.01) in MG after citric acid stimulation. Compared

with pre-stimulation condition in the same group, SFR was increased, but TPD was decreased

(p<0.01) in both HCG and MG. To sum up, the abnormal changes in salivary biochemical

characteristics were observed in MG under both pre- and post-acid stimulation conditions.

Percent changes of salivary indices after acid stimulation

Compared with HCG, the mean percent changes of sAA activity, pH and TPD after acid stim-

ulation were decreased significantly in MG (P< 0.05, Fig 1A, 1B and 1D). Moreover, there

were more cases whose percent change value less than zero in MG as compared with HCG,

including sAA activity (80.00%, 48/60 vs 25.00%, 15/60, p< 0.0001) and pH (38.33%, 23/60 vs

13.33%, 8/60, p = 0.0031), but no significant difference between HCG and MG was observed

in SFR, Cl-and Ca2+ concentration (Fig 1).

Salivary biochemical characteristics in the N-group and M-group of MG

patients

The sAA activity was decreased significantly after acid stimulation in the M-group (P<0.01,

Table 3), while the mean value of sAA activity was increased in the N-group although without sig-

nificant difference between pre- and post-acid stimulation (p>0.05, Table 3). Meanwhile, the per-

cent change in sAA activity after acid stimulation in the M-group was significantly lower than

that in the N-group (p<0.01, Fig 2A). SFR were increased significantly compared with the value

at pre-acid stimulation in the M-group and N-group (p<0.01, Table 3). TPD were decreased sig-

nificantly compared with the value at pre-acid stimulation in the M-group (p<0.01, Table 3), the

mean value of TPD was also decreased in the N-group although without significant difference.

The level of sAA activity in MG patients with normal BMI or low BMI

In present cohort of MG patients, 36 were considered under-wight (BMI <18.5), 24 normal-

weight (18.5� BMI < 25.0), and none was overweight (BMI> 25.0) (Table 4). No difference

in sAA activity was observed between normal-weight and under-weight patients under pre-

and post-acid stimulation conditions (Table 4). Compared with the number of normal-weight

patients, more under-weight patients displayed the ratio of sAA activity less than 1.0 (86.11%,

31/36 vs 37.50%, 9/24, p< 0.0001), and the ratio of sAA activity decreased significantly

(p< 0.01) in under-weight patients (Table 4).

Table 2. Salivary biochemical characteristics under pre- and post-acid stimulation conditions.

N sAA activity (U/mL) pH value SFR(mL/min) TPD(mg/mL) [Cl−] (mg/dL) [Ca2+] (mg/dL)

HCG Pre- 60 505.39±308.33 6.75±0.33 1.30±0.48 1.23±0.79 51.46±26.45 4.24±3.05

Post- 60 542.04±284.39 6.93±0.27� 1.65±0.58� 0.90±0.62� 48.25±23.74 4.46±2.29�

MG Pre- 60 575.14±273.03 6.38±0.49† 0.96±0.51† 2.02±1.22† 88.01±44.95† 10.73±7.58†

Post- 60 450.68±249.96� 6.37±0.78§ 1.18±0.59�§ 1.21±0.68�§ 72.01±33.78�§ 11.36±7.26§

Note

�p<0.01, compared with the value at pre-acid stimulation in the same group by 2×2 mixed ANOVA when variances are not significantly different or by Wilcoxon

signed-rank test when variances are significantly different
†p<0.01, compared with the value at pre-acid stimulation compared with the value at pre-acid stimulation in HCG by 2×2 mixed ANOVA when variances are not

significantly different or by Mann-Whitney U test when variances are significantly different
§p<0.01, compared with the value at post-acid stimulation in HCG by 2×2 mixed ANOVA. Data are expressed as mean±SD.

https://doi.org/10.1371/journal.pone.0269621.t002

PLOS ONE Decreased salivary α-amylase activity in Myasthenia Gravis with malnutrition

PLOS ONE | https://doi.org/10.1371/journal.pone.0269621 June 15, 2022 6 / 14

https://doi.org/10.1371/journal.pone.0269621.t002
https://doi.org/10.1371/journal.pone.0269621


Correlation between ratio of sAA activity and BMI in HCG and MG

Spearman correlation analysis showed that there was a significant strong positive correlation

between the ratio of sAA activity and BMI in MG (r = 0.7217, p<0.001, Fig 3B), While there

was no significant correlation in HCG(r = 0.1770, p = 0.1762, Fig 3A).

Discussion

The present study has examined changes in saliva constituents before and after citric acid stim-

ulation, and our data revealed significant difference in biochemical characteristics between

MG and healthy controls. These differences include increase in concentrations of TPD, Ca2

+and Cl−, and decrease in pH value and SFR under both pre- and post-acid stimulation

Fig 1. Salivary indicator changes after acid stimulation in HCG and MG. (a): sAA activity, (b): pH value, (c): SFR,

(d): TPD, (e): Ca2+ concentration, (f): Cl- concentration. Percent change reflects the extent of salivary secretion

respond to acid stimulation and is calculated as [(value post-acid stimulation)—(value pre-acid stimulation)]/(value

pre-acid stimulation) × 100%. The independent sample t test was applied at��p<0.01 and �p<0.05; data are expressed

as mean±SD.

https://doi.org/10.1371/journal.pone.0269621.g001
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conditions. Remarkably, the sAA activity responding to acid stimulation was reduced in MG

patients, particularly in malnutrition subjects. These results suggested that the compositions

and mechanisms of saliva secretions were abnormally altered in MG patients. We thus propose

that saliva sAA activity can serve as a valuable source of information on potential biomarkers

of malnutrition MG, Any changes in sAA activity certainly reflects alterations in saliva compo-

sition as a consequence of altered salivary secretion process. Thus, monitoring saliva composi-

tion may allow us to gain insight into pathophysiology of MG, and this simple and non-

invasive method should be considered favorably as a clinical diagnostic tool. The present data

showed clearly that, sAA activity, in response to citric acid stimulation, was markedly

decreased in under-weight MG patients with high nutritional risk. These results in correlation

with reduced sAA activity responding to acid stimulation, suggest that low BMI (i.e. under-

weight) should be considered as an important marker in malnutrition MG patients. Together,

our results suggest strongly that the saliva index may help to better assess the therapeutic out-

come in MG combined with typical clinical signs (e.g. weakness and fatigue of the voluntary

muscles).

Saliva secretion is elevated under gustatory stimulation with acid. Consequently, rapid reac-

tion of salivary glands to acid stimulation can provide more pathophysiological information

compared to single assessment of resting saliva. In line with our previous findings [20, 21, 30],

current data showed that there is no significant difference in sAA activity between HCG and

MG under resting conditions, but acute sAA activity responding to acid stimulation is reduced

in MG and increased in HCG. These data suggested that acute salivary responses induced by

acid stimulation can reflect the physiologic state of the body in MG, such as nutritional and

metabolic variations. Furthermore, salivary secretion is largely dependent upon the activation

of autonomic nervous system, and acute salivary responses induced by acid stimulation is

closely associated with sympathetic nerve stimulation evoked. Parasympathetic and sympa-

thetic nerves run to the target cells in salivary glands, and the major salivary glands are sup-

plied with parasympathetic (cholinergic) nerve fibers [31]. And sympathetic nerve stimulation

evokes a protein-rich secretion, whereas parasympathetic stimulation evokes a large volume of

saliva [32]. Moreover, MG is caused by a disorder of neuromuscular transmission resulting

from an autoimmune lesion of cholinergic receptors. Previous studies have reported that auto-

nomic dysfunction was involved in MG, and that the cardiac autonomic dysfunction [33, 34],

sympathetic hyper-reactivity and parasympathetic insufficiency were observed in MG patients

[35]. Notably, the specific alternations in salivary biochemical characteristics before acid stim-

ulation were observed in MG in the present study. These data together are indicative of an

alternated composition and flow rate of saliva that are likely attributable to autonomic

Table 3. Salivary biochemical characteristics in the N- and M-groups of MG under both pre- and post-acid stimulation conditions.

N sAA activity (U/mL) pH value SFR (mL/min) TPD (mg/mL) [Cl−] (mg/dL) [Ca2+] (mg/dL)

N-group Pre- 17 576.80±300.32 6.38±0.56 1.02±0.53 1.83±1.11 89.22±54.91 10.39±8.49

Post- 17 604.05±292.69 6.36±0.84 1.39±0.67� 1.19±0.70 71.47±44.16 9.69±7.61

M-group Pre- 43 574.49±265.26 6.38±0.47 0.94±0.51 2.09±1.27 87.55±41.19 10.86±7.30

Post- 43 390.04±204.57�§ 6.37±0.77 1.10±0.54� 1.22±0.69� 72.22±29.43 12.01±7.11

Note

�p<0.01, compared with the value at pre-acid stimulation in the same group by 2×2 mixed ANOVA when variances are not significantly different or by Wilcoxon

signed-rank test when variances are significantly different.
§p<0.05, compared with the value in the N-group by 2×2 mixed ANOVA when variances are not significantly different or by Mann-Whitney U test when variances are

significantly different. Data are expressed as mean±SD.

https://doi.org/10.1371/journal.pone.0269621.t003

PLOS ONE Decreased salivary α-amylase activity in Myasthenia Gravis with malnutrition

PLOS ONE | https://doi.org/10.1371/journal.pone.0269621 June 15, 2022 8 / 14

https://doi.org/10.1371/journal.pone.0269621.t003
https://doi.org/10.1371/journal.pone.0269621


Fig 2. Percent changes in salivary indicators after acid stimulation in the N-group and M-group of MG. (a): sAA

activity, (b): pH value, (c): SFR, (d): TPD, (e): Ca2+ concentration, (f): Cl- concentration. Percent change reflects the

extent of salivary secretion respond to acid stimulation and is calculated as [(value post-acid stimulation) − (value pre-

acid stimulation)]/(value pre-acid stimulation) × 100%. N-group (n = 17) versus M-group (n = 43). The independent

sample t test was applied at��p<0.01; data are expressed as mean ±SD.

https://doi.org/10.1371/journal.pone.0269621.g002

Table 1. Comparison of sAA activity between normal- and under-weight MG patients.

N sAA activity (U/mL) Ratio of sAA activity (post- VS pre-)

Pre-acid stimulation Post-acid stimulation

Normal BMI 24 551.96±273.11 508.10±283.86 1.08±0.35

Low BMI 36 590.60±275.74 412.40±220.46 0.69±0.26�

Note

�p<0.01, compared with normal BMI by unpaired t-test when variances are not significantly different. The World Health Organization considers a BMI of less than 18.5

as underweight (low BMI), the BMI that ranges from 18.5 to 25.0 as healthy weight (normal BMI). The ratio of sAA activity is calculated as sAA activity value under pre-

stimulation condition divided by the value under post-stimulation condition. The data were expressed as mean±SD.

https://doi.org/10.1371/journal.pone.0269621.t004
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dysfunction in MG. The underlying pathophysiological mechanism(s) responsible for such a

dysfunction remain to be defined.

Previous studies have reported that the secretory processes in salivary glands were influ-

enced by nutritional status [36]. For instance, fasting could result in a significant decrease in

saliva secretion rate, and decrease in the concentration of phosphate and sialic acid in stimu-

lated whole saliva [37]. Moreover, children with severe or moderate chronic protein-energy

malnutrition exhibited a reduced saliva secretion rate, and lowered Ca2+ and protein secretion

in stimulated saliva [38]. Thus, saliva has been considered as a useful, non-invasive matrix to

assess nutritional status in humans [22]. It is well established that sAA is mainly responsible

for the ‘pre-digestion’ of starch into maltose and glucose in the oral cavity, and that sAA

accounts for up to 50% of salivary protein in human saliva. The maltose and glucose can act as

sweet taste stimuli to interact with taste receptor type 1 (T1R) 2–T1R3 sweet taste receptor,

and then evoke pleasant sweet perception and influence feeding behavior [39]. Oral glucose

can significantly increase preabsorptive insulin release, known as cephalic-phase insulin

release (CPIR), in rats [40] and humans [41]. CPIR plays a crucial role in glucose homeostasis

[42], and thus can influence individual nutrition. In addition, food intake generally involves

mastication, which preferentially stimulates output of sAA [43]. Stimulated sAA might influ-

ence individual’s appetite [44]. Moreover, the way how sAA levels are related to individual

nutritional status is probably following [21]: sAA levels affect the efficiency of breaking down

starch-based foods into maltose and glucose in the oral cavity; then the two sugars affect indi-

vidual sweet taste perception and CPIR, which together determine starch-based food con-

sumption (energy intake) and eventually influence individual nutritional status. Hence we

hypothesized that the acute sAA activity responding to acid stimulation may be directly associ-

ated with the nutritional status. As expected, our previous studies observed a significant

decrease in the ratio of sAA activity in chronic non-atrophy gastritis patients [20] and in thin

children [21]. In line with the above findings, the present data have shown that sAA activity

responding to acid stimulation was significantly reduced in MG, the ratio of sAA activity in

MG patients with low BMI was significantly decreased compared to those with normal BMI,

and a significant strong positive correlation between the ratio of sAA activity and BMI in MG.

These data suggested that the acute sAA activity responding to acid stimulation may be directly

associated with the nutritional status.

In addition, one issue here that we need to focus on is the effect of pH on salivary amylase,

and about the effect of pH on amylase activity can be discussed in two parts, a detection phase,

and a preservation phase. First, the effect of pH can be ruled out from the sAA activity detec-

tion phase in this experiment because the first step of sAA activity detection is dilution of

Fig 3. Spearman correlation analysis between the ratio of sAA activity and BMI in HCG (a) and MG patients (b).

https://doi.org/10.1371/journal.pone.0269621.g003
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saliva, which was diluted 2000 fold, and at such a large dilution ratio, the pH values of the

diluted saliva were almost consistent (as calculated according to post dilution pH values: saliva

with pH = 6 and pH = 6.9 had pH values of 6.9957, 6.9995, respectively, after 1000 fold dilu-

tion). An additional point is whether saliva of different pH causes irreversible effects on the

activity of sAA during preservation. In general, pH affects enzyme activity by influencing the

binding and catalysis of enzymes and substrates, the enzyme can be inactivated by strong acids

and strong alkali, but the pH of saliva in this experiment is close to neutral, and it has been

shown that pancreatic α- amylase is stable over a wide range of pH values (5.0–10.5) [45],

moreover, the experimental concern is the result of the sAA activity of the patient, which

should not be excluded, even if different pH preservation could affect the sAA activity of the

patient, because this was due to the salivary microenvironment of the patient and not caused

by experimental error. But how much the effect of cryopreservation at different pH values on

the sAA activity of saliva is still a matter to be explored, and it is necessary to select the sAA

standard solutions of the same activity, adjust to different pH values for preservation, and

examine the sAA activity at different periods of preservation, but the effect of pH regulating

reagents on the enzyme activity should be excluded.

Three limitations of the present study are acknowledged. First, the sample size is limited

and there ware not enough patients for gender analysis. Second, this cross-sectional study

lacks temporal perspective of changes in saliva composition. Future studies should compare

changes in saliva composition before and after nutritional support. Third, whether or not

changes in sAA activity in malnutrition MG patients are caused by malnutrition or by auto-

nomic dysfunction, or both, in MG are speculative and merit further investigation.
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