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Abstract

Little is known regarding the long-term adverse effects of a sialoadenectomy. The purpose
of this study was to estimate the risk of coronary heart disease (CHD) among patients
receiving a sialoadenectomy procedure by utilizing a cohort study based on a population-
based database in Taiwan. This study retrieved data of the study sample from the Longitudi-
nal Health Insurance Database 2005. This retrospective cohort study included 608 patients
who underwent a sialoadenectomy and 1824 propensity score-matched comparison
patients. We individually tracked each sampled patient for a 3-year period from their index
date to discriminate those who subsequently received a diagnosis of CHD during the follow-
up period. We found that respective incidence rates of CHD during the 3-year follow-up
period were 3.87 (95% confidence interval (Cl): 3.01-4.91) and 1.79 (95% ClI: 1.45-2.18)
per 100 person-years for patients who did and those who did not undergo a sialoadenect-
omy. The stratified Cox proportional analysis revealed that the hazard ratio of CHD during
the 3-year follow-up period was 2.43 (95% CI: 1.77-3.33) than comparison patients. This
study demonstrates an association between sialoadenectomy and CHD.

Introduction

Common salivary gland diseases generally originate from infections, sialolithiasis, congenital
anomalies, and of course neoplastic diseases [1]. Sialoadenitis is often treated conservatively
with antibiotics, salivary massage, and hydration [2]. Sometimes relieving the underlying
obstruction is mandatory with the help of minimally invasive surgical procedures [3]. How-
ever, when the obstructive disease is too severe, or the salivary gland disorder is neoplastic in
nature, a sialoadenectomy is traditionally recommended [4].

Little is known regarding the long-term adverse effects of a sialoadenectomy. Most studies
focused on surgical complications with this procedure such as nerve damage and paralysis,
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remnant ductal tissue problems, or postoperative hemorrhage [5-7]. The risk of developing
xerostomia under excessive gland removal was also mentioned [8]. Wase et al. first mentioned
the possible effect of a sialoadenectomy on thyroid activity [9]. Navarivera et al. further
reported the effect of a partial sialoadenectomy on thyroid gland function and structure, and
proposed hormonal interrelationships of the salivary glands with other systems [10]. Removal
of the submandibular gland was reported to be associated with lowered sperm production
parameters in animals [11]. More recently, the importance of salivary-derived growth factors,
including epidermal growth factor (EGF), that play a role in helping maintain levels of oral
health by promoting wound healing and maintaining mucosal integrity, was addressed [12-
14]. With such complex secretory components containing digestive enzymes, immunoglobu-
lins, growth factors, electrolytes, and bulffers, it seems that the actual long-term changes to the
human body once the salivary glands have been removed remain largely unanswered [15, 16].

To date, increasing evidences indicated that salivary glands are important in nitrate trans-
port [17]. In addition, the vasoprotective effects were considered to be associated with the
activity of nitrite converted from ingested nitrate [18]. Thus, it was plausible that sialoadenect-
omy procedure might affect the enterosalivary conversion and further contribute to an ele-
vated risk of CHD. The purpose of this study was to provide an estimation of risk of
developing coronary heart disease (CHD) among patients receiving the sialoadenectomy pro-
cedure by utilizing a cohort study based on a population-based database in Taiwan.

Methods
Database

We retrieved data of the study sample from the Longitudinal Health Insurance Database 2005
(LHID2005). The LHID2005 consists of registration files and original medical claims for
1,000,000 randomly selected representative insurance enrollees listed in the 2005 Registry of
Beneficiaries under the Taiwan National Health Insurance (NHI) program (n = 25.68 million).
The LHID2005 allows researchers in Taiwan to longitudinally follow-up the utilization of
medical services for these selected 1,000,000 enrollees.

This study was exempt from full review by the Institutional Review Board of National
Defense Medical Center, since the LHID2005 consists of de-identified secondary data released
to researchers for research purposes.

Study sample

In this retrospective cohort study, we first identified 710 patients who underwent a sialoade-
nectomy (ICD-9-CM procedure code 26.3) between January 1, 2001 and December 31, 2010.
We then excluded patients aged <18 years (n = 21) to limit the study sample to the adult popu-
lation. We defined the date of the sialoadenectomy as the index date for these patients. We fur-
ther excluded patients who had a history of CHD (ICD-9-CM codes 410~414 or 429.2) before
their index date (n = 81). Ultimately, as a result, the study group included 608 patients who
underwent a sialoadenectomy.

To select the comparison group, we first excluded all patients who had a history of a sialoa-
denectomy. However, since the Taiwan NHI began in 1995, the LHID2005 did not provide
medical records before 1995. Consequently, we were unable to analyze the data prior to 1995
for all relevant analyses in this study. It was also impossible for us to exclude the possibility
that some selected comparison patients might have undergone a sialoadenectomy before 1995.
Nevertheless, this potential bias would lead the results toward the null. We randomly retrieved
1824 patients (three for every patient who underwent a sialoadenectomy) to match each
patient who underwent a sialoadenectomy in terms of propensity score and the year of the
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index date using the SAS proc surveyselect program (SAS System for Windows, vers. 8.2, SAS
Institute, Cary, NC). For the study group, the year of the index date was the year in which they
underwent a sialoadenectomy. However, comparison patients were selected by matching them
to a given patient who underwent a sialoadenectomy simply on their utilization of medical ser-
vices in the same index year of that particular study patient. For the comparison group, we
defined their first healthcare use occurring in the index year as their index date. Additionally,
we have computed a propensity score for each patient. The patients’ demographics and comor-
bidities, including sex, age, urbanization level, monthly income, geographic region, hyperten-
sion, hyperlipidemia, diabetes, stroke, obesity, and tobacco use disorder were taken into a
multivariable logistic regression model in order to calculate the possibility of receiving an sia-
loadenectomy. We also assured that none of the selected comparison patients had a history of
CHD before their index date. We further assured that none of the comparison patients under-
went a sialoadenectomy during the 3-year follow-up period.

As aresult, 2432 patients were included in this study. We further individually tracked each
sampled patient for a 3-year period from their index date to discriminate those who subse-
quently received a diagnosis of CHD during the follow-up period.

Statistical analysis

All statistical analyses were performed with the SAS system (vers. 9.2; SAS Institute). We used
Chi-squared tests to compare differences in sex, monthly income (NT$0~15,840, NT
$15,841~25,000, >NT$25,001; the average exchange rate in 2013 was US$1.00~New Taiwan
(NT)$30), geographical location, urbanization level of the subject’s residence (five levels with 1
being the most urbanized and 5 being the least), and comorbidities between patients who
underwent a sialoadenectomy and comparison patients. We further used stratified Cox pro-
portional hazard regressions (stratified by propensity score and the year of the index date) to
calculate the hazard ratio (HR) and its corresponding 95% confidence interval (CI) for the sub-
sequent development of CHD during the 3-year follow-up period between patients who did
and those who did not undergo a sialoadenectomy. We used a significance level of 0.05.

Results

Of the 2432 total sampled patients in this cohort study, the mean age was 48.5+£14.9 years
(range 18-87 years). Table 1 shows the distributions of demographic characteristics and
comorbidities stratified by the presence or absence of a sialoadenectomy. After being matched
for propensity score, Table 1 reveals that there was no significant difference in sex (p>0.999),
age (p>0.999), urbanization level (p = 0.443), monthly income (p = 0.274), and geographic
region (p = 0.921) between patients who underwent a sialoadenectomy and comparison
patients. As to comorbidities, we also failed to observe a significant difference in hypertension
(p = 0.798), hyperlipidemia (p>0.999), diabetes (p = 0.395), stroke (p>0.999), obesity

(p = 0.806), and tobacco use disorder (p = 0.215) between patients who did and those who did
not undergo a sialoadenectomy.

The incidence of CHD during the 3-year follow-up period is presented in Table 2. We
found that respective incidence rates of CHD during the 3-year follow-up period were 3.87
(95% CI: 3.01-4.91) and 1.79 (95% CI: 1.45-2.18) per 100 person-years for patients who did
and those who did not undergo a sialoadenectomy. The log-rank test suggests that patients
who underwent a sialoadenectomy had a greater tendency to have CHD than comparison
patients (p<0.001).

Furthermore, Table 2 shows the HR for CHD between patients who did and those who did
not undergo a sialoadenectomy. The stratified Cox proportional analysis (stratified by
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Table 1. Demographic characteristics of sampled subjects (N = 2432).

Variable Subjects who underwent a sialoadenectomy Comparison subjects p value
N=608 N=1824
Total no. Column % Total no. Column %
Sex
Male 350 57.6 1050 57.6 >0.999
Female 258 424 774 424
Age (years) 48.5+14.9 48.5+14.9 >0.999
Urbanization level 0.443
1 (most) 189 31.1 523 28.7
2 193 31.7 550 30.2
3 89 14.6 312 17.1
4 78 12.8 262 14.4
5 (least) 59 9.7 177 9.7
Monthly income 0.274
NT$0~15,840 203 33.4 675 37.0
NT$15,841~25,000 241 39.6 683 37.5
>NT$25,001 164 27.0 466 25.6
Geographic region 0.921
Northern 271 44.6 790 43.3
Central 121 19.9 385 21.1
Southern 203 334 609 33.4
Eastern 13 2.1 40 2.2
Hypertension 178 29.3 544 29.8 0.798
Hyperlipidemia 145 23.9 435 23.9 >0.999
Diabetes 98 16.1 268 14.7 0.395
Stroke 39 6.4 117 6.4 >0.999
Obesity 12 2.0 39 2.1 0.806
Tobacco use disorder 25 4.1 56 3.1 0.215

Note: The average exchange rate in 2008/2013 was US$1.00~New Taiwan (NT)$29.

https://doi.org/10.1371/journal.pone.0199135.t001

propensity score and the year of the index date) revealed that the HR of CHD during the
3-year follow-up period was 2.43 (95% CI = 1.77-3.33) for patients who underwent a sialoade-
nectomy compared to comparison patients.

Table 3 analyzed the HRs of CHD between patients who did and those who did not undergo
a sialoadenectomy according to sex. We found that both male and female patients who

Table 2. Hazard ratio (HR) for coronary heart disease among sampled subjects during the 3-year follow-up period.

Presence of coronary heart disease

Total sample (N = 2432)

Subjects who underwent a
sialoadenectomy (N = 608)

Comparison patients (N = 1824)

3-year follow-up period

Incidence rate per 100 person-years (95% CI)

2.30 (1.96-2.68)

3.87 (3.01-4.91)

1.79 (1.45-2.18)

HR (95% CI)

2.43*** (1.77-3.33)

1.00

Notes: CI, confidence interval. The HR was calculated by a stratified Cox proportional hazard regression which was stratified by propensity score and the year of the

index date.
** p<0.001

https://doi.org/10.1371/journal.pone.0199135.t002
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Table 3. Hazard ratios (HRs) for coronary heart disease among sampled subjects during the 3-year follow-up period by sex.

Presence of coronary heart disease Sex
Males Females
Subjects who underwent a Comparison patients Subjects who underwent a Comparison patients
sialoadenectomy (N = 350) (N =1050) sialoadenectomy (N = 258) (N=774)
n, % n, % n, % n, %

3-year follow-up period
HR (95% CI) 2.32%** (1.55-3.46) 1.00 2.62*** (1.56-4.40) 1.00

Notes: CI, confidence interval. The HR was calculated by a stratified Cox proportional hazard regression which was stratified by propensity score and the year of the
index date.
*** p<0.001

https://doi.org/10.1371/journal.pone.0199135.t003

underwent a sialoadenectomy had a higher following risk of CHD than comparison patients
(with an HR of 2.32 for males and 2.62 for females).

Discussion

In this study, we demonstrated that sialoadenectomy was significantly associated with subse-
quent incidence of CHD regardless of sex. Our findings support the salivary gland possibly
having important roles that are interrelated with different systems across the human body, and
the conventional thinking that the salivary glands are one of the relatively dispensable organs
in the body should be re-evaluated.

The importance of the salivary glands and the extent of the sacrifice they can impart on the
human body are truly debatable issues. Studies reporting various complications such as nerve
damage and paralysis, remnant ductal tissue problems, and postoperative hemorrhage were
limited in scope to immediate or short-term surgical procedure-related problems [5-7]. What
about functional aspects? The most straightforward thinking about consequences after a sia-
loadenectomy is a reduction in the saliva amount. Dry mouth, xerostomia, and even oral can-
didiasis were largely addressed in various animal studies [19, 20]. However, little has been
reported regarding these issues in humans; probably the problem largely depends on highly
variable, age-dependent resting salivary flow, which outweighs the effect of a sialoadenectomy
[21]. Similarly, little has been reported regarding the potentially decreased immunoglobulin
amount in saliva after a sialoadenectomy and its consequences. What would be more interest-
ing would be to examine those substances that were previously underlooked but were proven
to have roles in normal physiology. Previously, we mentioned the reported impacts on thyroid
activity and hormonal interrelationships after a sialoadenectomy [9, 10]. More recently, contri-
butions of epidermal growth factor (EGF) by the salivary gland were emphasized. The impor-
tance of this growth factor was revealed through some animal studies decades ago [22-24].
This salivary gland-excreted growth factor is known to be associated with the development of
gastric lesions [25]. Recently Ainola et al. reported that diminished salivary EGF secretion
could be a link between Sjogren’s syndrome and autoimmune gastritis [26]. Azuma et al. also
reported that the salivary EGF levels could play a role in the pathogenesis of refractory
intraoral manifestations in Sjégren’s syndrome patients [27].

The sialochemistry behind the possible link between a sialoadenectomy and the develop-
ment of CHD is likely to be mediated through nitrite metabolism. The importance of nitrite in
the saliva has been known since 1974, when Tannenebaum et al. reported the possible relation-
ship of salivary nitrite with nitrosamine formation [28]. Tenovuo et al. reported the biochemis-
try of nitrates, nitrites, and nitrosamines in human saliva [29]. Nitrate, after its absorption in
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the upper gastrointestinal tract, reaches the salivary glands via the blood circulation, where it is
secreted into the oral cavity and partially reduced to nitrite by the oral microflora [30]. In addi-
tion to nitrate or nitrite under conditions that result in endogenous nitrosation being classified
as "probably carcinogenic to humans”, nitrite is also important in biochemistry as a source of
nitric oxide, a potent vasodilator [31]. Nitrate and nitrite, through ultraviolet light exposure to
skin, mammalian nitrate/nitrite reductases in tissues, and nitric oxide synthase enzymes, are
converted to a diverse group of metabolites including nitric oxide, a powerful vasodilator, and
potentially influence the risk of developing cardiovascular diseases [32]. Tripp et al. found that
in sialoadenectomized rats, inhibition of nitric oxide synthase activity was exacerbated, imply-
ing that factors from the salivary glands influence gastric nitric oxide formation [33]. Bjérne

et al. reported that nitrite-containing human saliva given luminally increases gastric mucosal
blood flow, and these nitrite-mediated effects were associated with the generation of nitric
oxide [34]. Webb et al. reported that blood pressure-lowering, vasoprotective, and antiplatelet
properties can even be achieved by dietary nitrates, and interruption of the enterosalivary con-
version of nitrate to nitrite (facilitated by bacterial anaerobes situated on the surface of the ton-
gue) prevented the rise in plasma nitrite, blocked the decrease in blood pressure, and
abolished the inhibitory effects on platelet aggregation [18]. Those authors stated that the vaso-
protective effects were attributable to the activity of nitrite converted from ingested nitrate.
Because the salivary glands are very important in nitrate transport and nitric oxide homeosta-
sis, the sialoadenectomy procedure might affect the enterosalivary conversion pathway and
ultimately lead to an increased risk of CHD [17].

Nevertheless, one should be reminded that this is an observational study, and the findings
in this study must be further investigated before a true hypothesis is made.

Also, like much health insurance database analytical research, it comes with the possibility
of surveillance bias. Patients receiving a sialoadenectomy are more likely to visit outpatient
clinics for follow-up, and this might lead to an increased detection of CHD due to the
increased exposure to medical services. Furthermore, another important limitation is that the
LHID2005 provides no information on body mass index (BMI). Nevertheless, in order to elim-
inate the potential effects of BMI on the association between sialoadenectomy and CHD, we
have used obesity in place of BMI in this study.

Although this was an observational study, the result that a sialoadenectomy might be associated
with an increased risk of developing CHD is worth further investigation. Clinically, it is suggested
that physicians might take the findings in this study into considerations in determining the risks
and benefits of the sialoadenectomy procedure and even consider different approaches such as a
partial sialoadenectomy according to the patient’s gender and other comorbidities [35].

Author Contributions

Conceptualization: Shih-Han Hung, Chin-Hui Su, Chung-Chien Huang.
Formal analysis: Shih-Han Hung, Herng-Ching Lin, Senyeong Kao.
Methodology: Shih-Han Hung, Herng-Ching Lin.

Supervision: Chung-Chien Huang, Senyeong Kao.

Validation: Senyeong Kao.

Writing - original draft: Shih-Han Hung, Chin-Hui Su, Herng-Ching Lin, Chung-Chien
Huang.

Writing - review & editing: Shih-Han Hung, Chin-Hui Su, Herng-Ching Lin, Senyeong Kao.

PLOS ONE | https://doi.org/10.1371/journal.pone.0199135 June 18,2018 6/8


https://doi.org/10.1371/journal.pone.0199135

@° PLOS | ONE

Sialoadenectomy and coronary heart disease

References

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Myers EN,Ferris RL (2007) Salivary gland disorders. Springer Science & Business Media.
Wilson KF, Meier JD,Ward PD. Salivary gland disorders. American family physician. 2014; 89.

Su C, Tseng H, Lee K-S, Tseng T-M,Hung S-H. Experiences in the treatment of obstructive sialoadeni-
tis with sialendoscopy. B-ENT. 2016; 12: 199-206. PMID: 29727124

Speight P,Barrett A. Salivary gland tumours. Oral diseases. 2002; 8: 229—240. PMID: 12363107

Milton CM, Thomas BM,Bickerton RC. Morbidity study of submandibular gland excision. Ann R Coll
Surg Engl. 1986; 68: 148—150. PMID: 3729264

Kennedy PJ,Poole AG. Excision of the submandibular gland: minimizing the risk of nerve damage. Aust
N Z J Surg. 1989; 59: 411-414. PMID: 2730460

Hernando M, Echarri RM, Taha M, Martin-Fragueiro L, Hernando A,Mayor GP. Surgical complications
of submandibular gland excision. Acta Otorrinolaringol Esp. 2012; 63: 42—46. https://doi.org/10.1016/j.
otorri.2011.08.001 PMID: 22014641

Hald J,Koks Andreassen U. Submandibular Gland Excision: Short- and Long-Term Complications.
ORL. 1994; 56: 87-91. https://doi.org/10.1159/000276616 PMID: 8177591

Wase AW,Feng YS. Effect of sialoadenectomy on thyroid activity. Nature. 1956; 177: 624-625. PMID:
13321924

Navarivera A, Rodrigueztruijillo F, Bernaldiaz L,Salazar C. [Hormonal Interrelationship of the Salivary
Glands. The Salivary Glands and Thyroid. li. Effect of Partial Sialoadenectomy on Thyroid Gland Func-
tion and Structure]. Bol Inst Estud Med Biol Univ Nac Auton Mex. 1964; 22: 331-340. PMID: 14200270

Russell LD, Weiss T, Goh JC,Curl JL. The effect of submandibular gland removal on testicular and epi-
didymal parameters. Tissue and Cell. 1990; 22: 263-268. PMID: 2237906

Oxford GE, Tayari L, Barfoot MD, Peck AB, Tanaka Y,Humphreys-Beher MG. Salivary EGF levels
reduced in diabetic patients. Journal of Diabetes and Its Complications. 14: 140-145. PMID: 10989322

Oxford GE, Tayari L, Barfoot MD, Peck AB, Tanaka Y,Humphreys-Beher MG. Salivary EGF levels
reduced in diabetic patients. J Diabetes Complications. 2000; 14: 140—145. PMID: 10989322

Moosavijazi M, Rasouli Ghahroudi AA, Yaghoobee S, Bayani M, Salehi E,Sadrimanesh R. Comparison
of Salivary Epidermal Growth Factor Levels in Patients with Gingivitis and Advanced Periodontitis and
Healthy Subjects. Journal of Dentistry (Tehran, Iran). 2014; 11: 516-522.

Soderling E, Pienihakkinen K, Alanen ML, Hietaoja M,Alanen P. Salivary flow rate, buffer effect, sodium,
and amylase in adolescents: a longitudinal study. Scand J Dent Res. 1993; 101: 98—102. PMID:
7681215

Humphrey SP,Williamson RT. A review of saliva: normal composition, flow, and function. J Prosthet
Dent. 2001; 85: 162—169. https://doi.org/10.1067/mpr.2001.113778 PMID: 11208206

Lundberg JO. Nitrate transport in salivary glands with implications for NO homeostasis. Proceedings of
the National Academy of Sciences of the United States of America. 2012; 109: 13144—13145. htips://
doi.org/10.1073/pnas.1210412109 PMID: 22851765

Webb AJ, Patel N, Loukogeorgakis S, Okorie M, Aboud Z, Misra S, et al. Acute blood pressure lowering,
vasoprotective, and antiplatelet properties of dietary nitrate via bioconversion to nitrite. Hypertension.
2008; 51: 784—790. https://doi.org/10.1161/HYPERTENSIONAHA.107.103523 PMID: 18250365

Ishimoto S-i, Tsunoda K, Fujimaki Y, Okada K, Saito Y, Kinoshita M, et al. Objective and non-invasive
evaluation of dry mouth. Auris Nasus Larynx. 2008; 35: 89-93. https://doi.org/10.1016/j.anl.2007.05.
002 PMID: 18037254

Jorge A, Totti M, Aimeida O,Scully C. Effect of sialoadenectomy on the carriage of Candida albicans in
the mouths of rats. Journal of oral pathology & medicine. 1993; 22: 138—140.

Affoo RH, Foley N, Garrick R, Siqueira WL,Martin RE. Meta-Analysis of Salivary Flow Rates in Young
and Older Adults. J Am Geriatr Soc. 2015; 63: 2142—2151. https://doi.org/10.1111/jgs. 13652 PMID:
26456531

Tsutsumi O, Kurachi H,Oka T. A physiological role of epidermal growth factor in male reproductive func-
tion. Science. 1986; 233: 975-978. PMID: 3090686

Okamoto S,0ka T. Evidence for physiological function of epidermal growth factor: pregestational sialoa-
denectomy of mice decreases milk production and increases offspring mortality during lactation period.
Proceedings of the National Academy of Sciences. 1984; 81: 6059—-6063.

Noguchi S, Ohba Y,Oka T. Effect of salivary epidermal growth factor on wound healing of tongue in
mice. American Journal of Physiology-Endocrinology And Metabolism. 1991; 260: E620-E625.

PLOS ONE | https://doi.org/10.1371/journal.pone.0199135 June 18,2018 7/8


http://www.ncbi.nlm.nih.gov/pubmed/29727124
http://www.ncbi.nlm.nih.gov/pubmed/12363107
http://www.ncbi.nlm.nih.gov/pubmed/3729264
http://www.ncbi.nlm.nih.gov/pubmed/2730460
https://doi.org/10.1016/j.otorri.2011.08.001
https://doi.org/10.1016/j.otorri.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22014641
https://doi.org/10.1159/000276616
http://www.ncbi.nlm.nih.gov/pubmed/8177591
http://www.ncbi.nlm.nih.gov/pubmed/13321924
http://www.ncbi.nlm.nih.gov/pubmed/14200270
http://www.ncbi.nlm.nih.gov/pubmed/2237906
http://www.ncbi.nlm.nih.gov/pubmed/10989322
http://www.ncbi.nlm.nih.gov/pubmed/10989322
http://www.ncbi.nlm.nih.gov/pubmed/7681215
https://doi.org/10.1067/mpr.2001.113778
http://www.ncbi.nlm.nih.gov/pubmed/11208206
https://doi.org/10.1073/pnas.1210412109
https://doi.org/10.1073/pnas.1210412109
http://www.ncbi.nlm.nih.gov/pubmed/22851765
https://doi.org/10.1161/HYPERTENSIONAHA.107.103523
http://www.ncbi.nlm.nih.gov/pubmed/18250365
https://doi.org/10.1016/j.anl.2007.05.002
https://doi.org/10.1016/j.anl.2007.05.002
http://www.ncbi.nlm.nih.gov/pubmed/18037254
https://doi.org/10.1111/jgs.13652
http://www.ncbi.nlm.nih.gov/pubmed/26456531
http://www.ncbi.nlm.nih.gov/pubmed/3090686
https://doi.org/10.1371/journal.pone.0199135

@° PLOS | ONE

Sialoadenectomy and coronary heart disease

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Konturek PK, Brzozowski T, Konturek SJ,Dembinski A. Role of epidermal growth factor, prostaglandin,
and sulfhydryls in stress-induced gastric lesions. Gastroenterology. 1990; 99: 1607—-1615. PMID:
2227276

Koskenpato K, Ainola M, Przybyla B, Kouri V, Virkki L, Koskenpato J, et al. Diminished salivary epider-
mal growth factor secretion: a link between Sjogren’s syndrome and autoimmune gastritis? Scandina-
vian journal of rheumatology. 2016; 45: 118—121. https://doi.org/10.3109/03009742.2015.1072243
PMID: 26399281

Azuma N, Katada Y, Kitano S, Nishioka A, Sekiguchi M, Kitano M, et al. Salivary epidermal growth fac-
tor (EGF) in Sjogren’s syndrome: association between salivary EGF levels and the severity of intraoral
manifestations. Nihon Rinsho Meneki Gakkai Kaishi. 2016; 39: 42-50. https://doi.org/10.2177/jsci.39.
42 PMID: 27181234

Tannenbaum S, Sinskey A, Weisman M,Bishop W. Nitrite in human saliva. Its possible relationship to
nitrosamine formation. Journal of the National Cancer Institute. 1974; 53: 75-784.

Tenovuo J. The biochemistry of nitrates, nitrites, nitrosamines and other potential carcinogens in
human saliva. J Oral Pathol. 1986; 15: 303-307. PMID: 3093650

Eisenbrand G, Spiegelhalder B,Preussmann R. Nitrate and nitrite in saliva. Oncology. 1980; 37: 227—
231. https://doi.org/10.1159/000225441 PMID: 7443155

Grosse Y, Baan R, Straif K, Secretan B, El Ghissassi F,Cogliano V. Carcinogenicity of nitrate, nitrite,
and cyanobacterial peptide toxins. Lancet Oncology. 2006; 7: 628. PMID: 16900606

Hord NG. Dietary nitrates, nitrites, and cardiovascular disease. Current atherosclerosis reports. 2011;
13: 484-492. https://doi.org/10.1007/s11883-011-0209-9 PMID: 21968645

Tripp MA, Tepperman BL. Effect of nitric oxide on integrity, blood flow and cyclic GMP levels in the rat
gastric mucosa: modulation by sialoadenectomy. Br J Pharmacol. 1995; 115: 344—-348. PMID: 7545520

Bjorne HH, Petersson J, Phillipson M, Weitzberg E, Holm L,Lundberg JO. Nitrite in saliva increases gas-
tric mucosal blood flow and mucus thickness. J Clin Invest. 2004; 113: 106—114. https://doi.org/10.
1172/JCI200419019 PMID: 14702114

Ge N, Peng X, Zhang L, Cai ZG, Guo CB,Yu GY. Partial sialoadenectomy for the treatment of benign
tumours in the submandibular gland. International Journal of Oral and Maxillofacial Surgery. 45: 750—
755. https://doi.org/10.1016/j.ijom.2015.12.013 PMID: 26970852

PLOS ONE | https://doi.org/10.1371/journal.pone.0199135 June 18,2018 8/8


http://www.ncbi.nlm.nih.gov/pubmed/2227276
https://doi.org/10.3109/03009742.2015.1072243
http://www.ncbi.nlm.nih.gov/pubmed/26399281
https://doi.org/10.2177/jsci.39.42
https://doi.org/10.2177/jsci.39.42
http://www.ncbi.nlm.nih.gov/pubmed/27181234
http://www.ncbi.nlm.nih.gov/pubmed/3093650
https://doi.org/10.1159/000225441
http://www.ncbi.nlm.nih.gov/pubmed/7443155
http://www.ncbi.nlm.nih.gov/pubmed/16900606
https://doi.org/10.1007/s11883-011-0209-9
http://www.ncbi.nlm.nih.gov/pubmed/21968645
http://www.ncbi.nlm.nih.gov/pubmed/7545520
https://doi.org/10.1172/JCI200419019
https://doi.org/10.1172/JCI200419019
http://www.ncbi.nlm.nih.gov/pubmed/14702114
https://doi.org/10.1016/j.ijom.2015.12.013
http://www.ncbi.nlm.nih.gov/pubmed/26970852
https://doi.org/10.1371/journal.pone.0199135

