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Health monitoring during offshore saturation diving is complicated due to restricted access 
to the divers, the desire to keep invasive procedures to a minimum, and limited opportunity 
for laboratory work onboard dive support vessels (DSV). In this pilot study, we examined 
whether measuring salivary biomarkrers in samples collected by the divers themselves 
might be a feasible approach to environmental stress assessment. Nine saturation divers 
were trained in the passive drool method for saliva collection and proceeded to collect 
samples at nine time points before, during, and after an offshore commercial saturation 
diving campaign. Samples collected within the hyperbaric living chambers were 
decompressed and stored frozen at −20°C onboard the DSV until they were shipped to 
land for analysis. Passive drool samples were collected without loss and assayed for a 
selection of salivary biomarkers: secretory immunoglobulin A (SIgA), C-reactive protein 
(CRP), tumor necrosis factor (TNF)-α, interleukins IL-6, IL-8, IL-1β, as well as cortisol and 
alpha-amylase. During the bottom phase of the hyperbaric saturation, SIgA, CRP, TNF-α, 
IL-8 and IL-1β increased significantly, whereas IL-6, cortisol and alpha-amylase were 
unchanged. All markers returned to pre-dive levels after the divers were decompressed 
back to surface pressure. We conclude that salivary biomarker analysis may be a feasible 
approach to stress assessment in offshore saturation diving. The results of our pilot test 
are consonant with an activation of the sympathetic nervous system related to systemic 
inflammation during hyperbaric and hyperoxic saturation.

Keywords: saliva, biomarkers, cytokine, inflammation, hyperbaric heliox saturation, physiological stress, 
hyperbaric hyperoxia

INTRODUCTION

Saturation diving is used for underwater work that requires direct human intervention. During 
saturation diving campaigns, the divers work and live in hyperbaric (pressurized) environments 
where they are constantly exposed to environmental stressors to which they must acclimatize 
(Brubakk et  al., 2014). The human capacity to tolerate environmentally induced stress depends 
on a complex network of biological processes that serve to uphold homeostasis, some of which 
may be  quantified via molecular biomarkers: biomolecules that correlate in abundance or state 
with the process in question (Godoy et  al., 2018). Since biomarkers can also be  used for risk 
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prediction and to facilitate the diagnosis of environmentally 
induced disorders, they are frequently used in occupational 
health monitoring. But for biomarkers to be  useful tools in 
offshore saturation diving, they must be safe and easy to obtain, 
robust to decompression, and not require advanced on-site 
laboratory processing.

Blood biomarkers are extensively used in clinical care. 
Blood biomarkers also reflect the oxidant-antioxidant balance 
involved in  local and systemic pathologies, e.g., diabetes, 
cancer, inflammatory disorders, cardiovascular, and neurological 
conditions (Ho et  al., 2013; Marseglia et  al., 2014; Singh 
et  al., 2019). With advancements in genomics and molecular 
biology, blood biomarkers of oxidative stress and inflammation 
have been studied in different types of diving, including 
saturation diving, to deepen the knowledge on the interactions 
between the immune system and the divers’ physiology (Eftedal 
et  al., 2013; Sureda et  al., 2014; Lautridou et  al., 2016, 2017; 
Kiboub et  al., 2018). However, phlebotomy is not an ideal 
procedure in saturation diving: it is difficult to perform under 
pressure, there is a small risk of infection, and a centrifuge 
is needed to prepare serum or plasma. Biomarkers are also 
present in other body fluids that are less challenging to obtain 
and prepare for analysis. One such fluid is saliva. Saliva is 
a readily available source of stress biomarkers, comprising 
of diverse chemical compounds, such as hormones (e.g., 
cortisol), enzymes (e.g., alpha-amylase), cytokines (e.g., TNF-α, 
IL-1β, IL-6, and IL-8), and immunoglobulins (e.g., secretory 
IgA) (Soo-Quee Koh and Choon-Huat Koh, 2007). Many 
studies have shown the interaction of the immune system 
and the central nervous system in stress responses (Hellhammer 
et  al., 2009; Usui et  al., 2011; Bozovic et  al., 2013; Nater 
et  al., 2013; Slavish et  al., 2015; Dhama et  al., 2019). This 
study aimed to examine whether salivary biomarker analysis 
might be a feasible approach for the assessment of environmental 
stress in offshore saturation diving. A panel of eight biomarkers 
was chosen to reflect stress responses in salivary glands and 
tissues, with emphasis on oxidative stress and inflammation 
which we  hypothesized would increase due to the divers’ 
hyperbaric and hyperoxic work environment.

MATERIALS AND METHODS

Ethics
The study material was collected during a commercial offshore 
saturation diving campaign in the Norwegian North Sea, in 
the fall of 2019. The protocol was approved by the Norwegian 
Regional Committee for Medical and Health Research Ethics 
(REK), approval number 2018/1184. The participants provided 
their informed consent prior to inclusion, and all procedures 
were conducted according to the Declaration of Helsinki 
principles for ethical human experimentation.

Study Participants
Nine certified and experienced saturation divers, all male, 
were considered eligible and recruited as participants after 
passing a mandatory pre-saturation medical examination. The 

medical examination was performed in accordance with 
NORSOK U-100 Standards (Standards Norway, 2014) and 
ensured that the divers were currently in good health and 
fit to dive and committed to saturation onboard TechnipFMC’s 
DSV Deep Arctic. Anthropometric data for the participants 
are shown in Table  1.

Saturation Diving
Heliox saturation diving was conducted according to NORSOK 
U-100 Standards (Standards Norway, 2014). The saturation 
system was compressed to an initial depth of 66 meters of 
seawater (msw), later increasing to 85 msw, for the divers to 
work at water depths of 74 – 93 msw. In addition to pressure 
control, the saturation chamber environment was continuously 
monitored and controlled by a life support crew to ensure 
that the divers’ living conditions adhered to NORSOK standards 
for gas mixture: partial pressure of O2 (ppO2) ≤ 40 kPa, 
pCO2 ≤ 1 kPa, pCO < 0.5 Pa, relative humidity 40–60%, and 
temperature 22–33°C. The divers kept regular meals throughout 
the saturation, choosing their individual diets from daily 
selections from the vessel galley.

To facilitate continuous underwater activity, the divers 
were organized into four teams of three divers working 
overlapping 12-h shifts, with consecutive teams starting their 
shift every 6 h. Each diver worked the same shift for the 
duration of his saturation. A pressurized diving bell was 
used to transport the dive team from the living chambers 
on the DSV to work on the ocean floor. During work 
excursions (bell-runs), the divers’ environment was monitored 
and controlled by diving supervisors via umbilicals from 
the DSV to maintain a breathing gas ppO2 of 60–80 kPa, 
and hot water supply to the divers’ suits to preserve their 
body temperature. Daily bell-runs lasted for up to 8 h, during 
which the divers spent a maximum of 6 h in the water 
interspersed by breaks inside the bell for restitution and 
hydration. Their work consisted of installation of blind flange 
plugs, pipe support installation, seal replacements, bell mouth 
installation, and inspection work. The divers described the 
workload as relatively light compared to deeper and longer 
saturations, with most of their work performed standing 
on the ocean floor. At the end of their work assignment, 
the decompression back to ambient surface pressure lasted 
approximately 4 days 4 h, during which the ppO2 in the 
living chambers were kept at 50 kPa until 13 msw, and 
gradually reduced to reach 21 kPa at the end of the  
decompression.

TABLE 1  |  Study subject anthropometrics prior to saturation (n = 9).

Mean ± SD

Age (years) 47 ± 8.4
Height (cm) 180.4 ± 7.4
Weight (kg) 89.0 ± 10.2
BMI (kg/m2) 27.3 ± 1.9

BMI = body mass index. The table is reprinted with permission from Deb et al. (2021).

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Monnoyer et al.	 Salivary Biomarkers in Saturation Diving

Frontiers in Physiology | www.frontiersin.org	 3	 November 2021 | Volume 12 | Article 791525

Saliva Collection
The participants were trained in the passive drool method 
and supplied with instructions for later reference before they 
proceeded to collect saliva into 2 ml SalivaBio cryovials 
(Salimetrics, Carlsbad, CA); first during the pre-saturation 
medical examination (Day 0), then seven times during hyperbaric 
heliox saturation: three during the bottom phase (Days 1, 2, 
and 4) and four during decompression (Days 11, 12, 13, and 
14), and finally post-saturation when the divers were back at 
surface pressure (Day 15). Samples in the pressure chambers 
were taken before bell-runs at the beginning of the divers’ 
work shifts, 1–2 h after breakfast without brushing their teeth 
prior to the collection. Due to the continuous rotation with 
a new team starting their shift every 6 h, each individual 
participant of the same diving team collected all his samples 
at the same time of day, whereas participants on successive 
teams did their sample collections at 6 h intervals. The saliva 
samples were transferred out to the vessel hospital via a 
decompression lock, frozen at −20°C onboard the DSV and 
shipped frozen to NTNU at the end of the diving campaign. 
There the samples were stored at −80°C until they were 
shipped to Salimetrics’ SalivaLab (Carlsbad, CA) on dry ice 
for analysis.

Salivary Biomarker Analysis
Samples were assayed in duplicate at the Salimetrics’ SalivaLab 
using the Salimetrics Salivary Assay Kits for C-Reactive Protein 
(CRP; Cat. No. 1-2,102), Secretory Immunoglobin A (SIgA; 
Cat. No. 1-1,602), Interleukins 1β (IL-1β), 6 (IL-6), 8 (IL-8), 
and Tumor necrosis factor alpha (TNF-α) (Salimetrics Cytokine 
Panel), Cortisol (Cat. No. 1-3,002), and Alpha-amylase (Cat. 
No. 1-1902), according to the manufacturer’s protocol. The 
assay data, with volumes, range, and sensitivity for each analyte, 
are shown in Supplementary Material.

Statistics
Prior to the statistical analysis, data from saliva samples obtained 
during saturation were split into two groups: one for the bottom 
phase and one for the decompression. Means were calculated 
at baseline (I in Figures  1, 2), bottom phase (II in Figures  1, 
2), decompression (III in Figures  1, 2), and post-saturation 
(IV in Figures  1, 2). Statistical analysis was done in IBM 
SPSS Statistics software Version 26.0. After visual inspection 
for data distribution using Q-Q plots, the Shapiro–Wilk′s test 
for normality was calculated (p > 0.05), either directly or after 
the data were transformed. A non-parametric analysis was 
applied if the data were still non-normal after transformation. 
For each biomarker, the differences within divers between the 
three time points were assessed by a one-way repeated measures 
ANOVA, with post-hoc Bonferroni adjustment for multiple 
comparisons. Differences were considered significant at p < 0.05. 
Homogeneity of the data was assessed by the Mauchly test 
with p > 0.05. If the assumption of sphericity was violated, a 
Greenhouse–Geisser correction was applied. Friedman’s test 
was applied for non-normal data, and pairwise comparisons 
were made with Bonferroni’s correction for multiple comparisons.

RESULTS

Salivary biomarkers were assayed before, during, and after 
offshore saturation diving. The saliva samples were collected 
by the divers themselves during a commercial diving campaign 
and transferred from the DSV to shore for analysis. The 
biomarkers were chosen to cover pro- and anti-inflammatory 
responses and oxidative stress: CRP, TNF-α, IL-6, IL-8, IL-1β, 
and SIgA as well as generalized stress responses: cortisol and 
alpha-amylase (Slavish et  al., 2015; Dhama et  al., 2019). The 
saliva collection proceeded without sample loss or technical 
issues, and the analysis yielded data that lay within the expected 
range for every biomarker analyzed.

During the bottom phase of the saturation dive, SIgA 
(p = 0.005), CRP (p = 0.005), TNF-α (p < 0.0005), IL-8 (p = 0.002), 
and IL-1β (p < 0.0005) increased, whereas IL-6 was unchanged 
(Figure  1). There were no significant changes at any time in 
cortisol or alpha-amylase (Figure  2). All biomarkers returned 
to pre-dive baseline levels during or after the decompression.

DISCUSSION

In this study, we examined whether salivary biomarkers analysis 
would be  a feasible approach for the assessment of 
environmentally induced stress in offshore saturation diving. 
In summary, we  found passive drool collection performed by 
the divers themselves within the pressurized living chambers 
to be  practical and to provide material that was suitable for 
analysis. Salivary levels of CRP, IL-1β, IL-8, SIgA, and TNF-α 
were elevated during the bottom phase of the hyperbaric 
saturation, whereas IL-6, cortisol, and alpha-amylase were 
unchanged. All changes observed during saturation were 
abolished at the end of the decompression.

The hyperbaric and hyperoxic environment in saturation 
diving induces pro-inflammatory responses which help the body 
adapt to the inherent oxidative stress in the maintenance of 
homeostasis. Prior work has shown that genes involved with 
the divers’ endogenous antioxidant defenses along with immune 
activity and inflammatory signaling pathways are upregulated 
at the time they complete their decompression from saturation 
(Kiboub et  al., 2018). However, this knowledge was obtained 
from blood, and phlebotomy is not an ideal procedure to 
perform in hyperbaric chambers. Other body fluids, such as 
saliva, contain bioactive molecules that regulate inflammation 
and immune defenses (Cavalla et  al., 2014) which have been 
recently used to evaluate the effects of saturation diving on 
measures of oxidative stress, including production of reactive 
oxygen species and total antioxidant capacity (Mrakic-Sposta 
et  al., 2020). Saliva collection is non-invasive and requires no 
professional skills although passive drool collection requires 
prior training of the study subjects. Samples can be  stored 
without pre-processing in a standard freezer (Wilde et al., 2013) 
or at room temperature with analyte stabilization (Bonne and 
Wong, 2012). Furthermore, saliva can be  collected frequently, 
which makes it possible to semi-continuously monitor the effects 
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of environmental exposure. Development of rapid tests may 
also facilitate real-time monitoring for some biomarkers, such 
as is already possible for salivary cortisol (Shirtcliff et al., 2015).

Saliva contains proteins and hormones from systemic 
sources via infiltration through the salivary tissues, and 
from local sources in the oral cavity via secretion by the 
acini and ducts of the salivary glands. The acini are responsible 

for the volume and flow of saliva, while the duct cells 
determine its composition (de Paula et  al., 2017). The 
autonomic nervous system controls the function of both 
glands: Activation of the sympathetic nervous system triggers 
the production of protein-rich saliva at a low flow, whereas 
the parasympathetic nervous system causes the flow of liquids 
to increase, but results in saliva with lower protein content 

FIGURE 1  |  Salivary biomarkers of inflammatory and oxidative stress during a heliox saturation dive. For each time-point: mean and individual values are shown 
(n = 9). Error bars are ±1 SD. **, p ≤ 0.01 and ***, p ≤ 0.001. ANOVA was calculated on mean of days 1, 2, and 4 during the bottom phase and mean of day 11 to 14 
during decompression. I (baseline: red dots); II (bottom phase: green dots); III (decompression: blue dots); and IV (post-saturation: purple dots). SIgA = secretory 
Immunoglobulin A; CRP = C-reactive protein; TNF-α = tumor necrosis factor alpha; IL-6 = interleukin-6; IL-8 = interleukin-8; and IL-1β = interleukin-1β.
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(Punj, 2018). SIgA is mainly secreted in the stroma of 
salivary glands by local plasma cells and stocked in the 
secretory epithelium (Brandtzaeg, 2013). Its secretion is 
governed by both parasympathetic and sympathetic afferences, 
with the latter having a stronger impact (Carpenter et  al., 
1998). IL-1β and TNF-α, most commonly known to 
be  produced by activated macrophages, are also secreted 
by the salivary glands (Fernandez-Solari et  al., 2010; Idris 
et  al., 2015), whereas CRP and IL-8 have been hypothesized 
to enter the saliva via the gingival crevicular fluid (Out 
et  al., 2012). The elevated levels of CRP and IL-8  in our 
study may be indicative of a systemic inflammation, especially 
since CRP does not originate from local tissues in the oral 
cavity (Megson et al., 2010). The activation of the sympathetic-
adreno-medullar system in response to acute stress is measured 
by salivary alpha-amylase, whereas long-term or chronic 
stress is measured by salivary cortisol produced by the 
hypothalamic–pituitary–adrenal axis (Nater et  al., 2013; Ali 
and Nater, 2020). Salivary alpha-amylase is also used as a 
marker of local inflammation in oral diseases (Gutierrez-
Corrales et  al., 2017).

Saturation diving can be  mentally and physically stressful. 
In our study, inflammatory biomarkers IL-1β, TNF-α, SIgA, 
CRP, and IL-8 increased during the bottom phase of saturation 
diving. Conversely, there were no changes in IL-6, cortisol, 
and alpha-amylase. Although saturation diving is demanding, 
the physical workload in this campaign was reported to 
be  light (Deb et  al., 2021), and perceptions of stress and 
panic are unlikely to be  prominent in experienced divers. 
IL-6 is known to increase in plasma in response to physical 
exercise, but this does not appear to be  reflected in saliva 
(Cullen et  al., 2015). Taken together, our results imply that 
the divers experienced an activation of the sympathetic 
nervous system secondary to systemic inflammation, rather 

than a generalized stress response. This is consistent with 
prior reports of oxidative stress and concomitant inflammatory 
responses in commercial saturation diving (Kiboub et  al., 
2018; Mrakic-Sposta et  al., 2020).

Limitations
The basal levels of salivary cortisol, SIgA, and alpha-amylase 
exhibit circadian variation (Stefaniak and Kaczmarek, 2013; 
Engeland et  al., 2019), but due to the divers’ shift patterns 
and the limited number of participants, our study was not 
powered to account for this. However, circadian variation would 
cause inter-sample variation to increase, which is not expected 
to produce false positive results. Also, due to the low number 
of participants, we  chose to merge samples taken during the 
bottom and decompressions phase, respectively, in the statistical 
analysis, thus forfeiting the option to monitor temporal 
development in biomarker expression.

Conclusion
In conclusion, salivary biomarker analysis appears to be feasible 
as a non-invasive approach to environmental stress assessment 
in commercial saturation diving. The results of our pilot study 
are consonant with an activation of the sympathetic nervous 
system associated with systemic inflammation during the bottom 
phase, which was abolished by the time the divers completed 
the decompression.
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FIGURE 2  |  Salivary biomarkers of stress during a heliox saturation dive. Cortisol and alpha-amylase are reliable markers of HPA and ANS activity, respectively, in 
stress responses. For each time-point: mean and individual values are shown (n = 9). Error bars are ±1 SD. ANOVA was calculated on mean of days 1, 2, and 4 
during the bottom phase and mean of day 11 to 14 during decompression. I (baseline: red dots); II (bottom phase: green dots); III (decompression: blue dots); and 
IV (post-saturation: purple dots).

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Monnoyer et al.	 Salivary Biomarkers in Saturation Diving

Frontiers in Physiology | www.frontiersin.org	 6	 November 2021 | Volume 12 | Article 791525

ETHICS STATEMENT

The studies involving human participants were reviewed and 
approved by Norwegian Regional Committee for Medical and 
Health Research Ethics (REK). The patients/participants provided 
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

RM, AH, SD, and IE designed the study. IE collected the 
material. RM and AH performed the statistical analysis. All 
authors collaborated on the interpretation of results and writing 
and approval of the final manuscript.

FUNDING

This study is part of a Knowledge-Building Project for 
Industry, placed at NTNU, Norway and funded by the 

Norwegian Research Council and Equinor on behalf of PRSI 
Pool through the Large-scale Programme for Petroleum 
Research (PETROMAKS2), project no. 280425, via an integral 
part dedicated to research on Health, Safety, and Environment 
(HSE) in the petroleum sector.

ACKNOWLEDGMENTS

The divers, TechnipFMC, Repsol, and the crew of the Deep 
Arctic DSV are gratefully acknowledged for their contribution 
to this study during the 2019 Yme diving campaign.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be  found online 
at: https://www.frontiersin.org/articles/10.3389/fphys.2021.791525/
full#supplementary-material

 

REFERENCES

Ali, N., and Nater, U. M. (2020). Salivary alpha-amylase as a biomarker of 
stress in Behavioral medicine. Int. J. Behav. Med. 27, 337–342. doi: 10.1007/
s12529-019-09843-x

Bonne, N. J., and Wong, D. T. (2012). Salivary biomarker development using 
genomic, proteomic and metabolomic approaches. Genome Med. 4:82. doi: 
10.1186/gm383

Bozovic, D., Racic, M., and Ivkovic, N. (2013). Salivary cortisol levels as a 
biological marker of stress reaction. Mediev. Archaeol. 67, 374–377. doi: 
10.5455/medarh.2013.67.374-377

Brandtzaeg, P. (2013). Secretory immunity with special reference to the oral 
cavity. J. Oral Microbiol. 5. doi: 10.3402/jom.v5i0.20401

Brubakk, A. O., Ross, J. A., and Thom, S. R. (2014). Saturation diving; physiology 
and pathophysiology. Compr. Physiol. 4, 1229–1272. doi: 10.1002/cphy.c130048

Carpenter, G. H., Garrett, J. R., Hartley, R. H., and Proctor, G. B. (1998). 
The influence of nerves on the secretion of immunoglobulin A into 
submandibular saliva in rats. J. Physiol. 512, 567–573. doi: 10.1111/j.1469- 
7793.1998.567be.x

Cavalla, F., Araujo-Pires, A. C., Biguetti, C. C., and Garlet, G. P. (2014). Cytokine 
networks regulating inflammation and immune defense in the oral cavity. 
Curr. Oral Health Rep. 1, 104–113. doi: 10.1007/s40496-014-0016-9

Cullen, T., Thomas, A. W., Webb, R., and Hughes, M. G. (2015). The relationship 
between interleukin-6  in saliva, venous and capillary plasma, at rest and 
in response to exercise. Cytokine 71, 397–400. doi: 10.1016/j.cyto.2014. 
10.011

de Paula, F., Teshima, T. H. N., Hsieh, R., Souza, M. M., Nico, M. M. S., and 
Lourenco, S. V. (2017). Overview of human salivary glands: highlights of 
morphology and developing processes. Anat. Rec. 300, 1180–1188. doi: 
10.1002/ar.23569

Deb, S. K., Dolan, E., Hambly, C., Speakman, J. R., Eftedal, O., Zariwala, M. G., 
et al. (2021). The assessment of daily energy expenditure of commercial 
saturation divers using doubly labelled water. Front. Physiol. 12:687605. doi: 
10.3389/fphys.2021.687605

Dhama, K., Latheef, S. K., Dadar, M., Samad, H. A., Munjal, A., and Khandia, R., 
et al. (2019). Biomarkers in stress related diseases/disorders: diagnostic, 
prognostic, and therapeutic values. Front. Mol. Biosci., 6, 91. doi:10.3389/
fmolb.2019.00091

Eftedal, I., Ljubkovic, M., Flatberg, A., Jorgensen, A., Brubakk, A. O., and 
Dujic, Z. (2013). Acute and potentially persistent effects of scuba diving 
on the blood transcriptome of experienced divers. Physiol. Genomics 45, 
965–972. doi: 10.1152/physiolgenomics.00164.2012

Engeland, C. G., Bosch, J. A., and Rohleder, N. (2019). Salivary biomarkers 
in psychoneuroimmunology. Curr. Opin. Behav. Sci. 28, 58–65. doi: 10.1016/j.
cobeha.2019.01.007

Fernandez-Solari, J., Prestifilippo, J. P., Ossola, C. A., Rettori, V., and Elverdin, J. C. 
(2010). Participation of the endocannabinoid system in lipopolysaccharide-
induced inhibition of salivary secretion. Arch. Oral Biol. 55, 583–590. doi: 
10.1016/j.archoralbio.2010.05.006

Godoy, L. D., Rossignoli, M. T., Delfino-Pereira, P., Garcia-Cairasco, N., and 
de Lima Umeoka, E. H. (2018). A comprehensive overview on stress 
neurobiology: basic concepts and clinical implications. Front. Behav. Neurosci. 
12:127. doi: 10.3389/fnbeh.2018.00127

Gutierrez-Corrales, A., Campano-Cuevas, E., Castillo-Dali, G., Torres-Lagares, D., 
and Gutierrez-Perez, J. L. (2017). Ability of salivary biomarkers in the 
prognostic of systemic and buccal inflammation. J Clin Exp Dent 9, e716–
e722. doi: 10.4317/jced.53776

Hellhammer, D. H., Wust, S., and Kudielka, B. M. (2009). Salivary cortisol as 
a biomarker in stress research. Psychoneuroendocrinology 34, 163–171. doi: 
10.1016/j.psyneuen.2008.10.026

Ho, E., Karimi Galougahi, K., Liu, C.-C., Bhindi, R., and Figtree, G. A. (2013). 
Biological markers of oxidative stress: applications to cardiovascular research 
and practice. Redox Biol. 1, 483–491. doi: 10.1016/j.redox.2013.07.006

Idris, A., Ghazali, N. B., and Koh, D. (2015). Interleukin 1beta-A potential 
salivary biomarker for cancer progression? Biomark. Cancer 7, 25–29. doi: 
10.4137/BIC.S25375

Kiboub, F. Z., Mollerlokken, A., Hjelde, A., Flatberg, A., Loennechen, O., and 
Eftedal, I. (2018). Blood gene expression and vascular function biomarkers 
in professional saturation diving. Front. Physiol. 9:937. doi: 10.3389/
fphys.2018.00937

Lautridou, J., Pichereau, V., Artigaud, S., Bernay, B., Barak, O., Hoiland, R., et al. 
(2017). Evolution of the plasma proteome of divers before and after a single 
SCUBA dive. Proteomics Clin. Appl. 11, 9–10. doi: 10.1002/prca.201700016

Lautridou, J., Pichereau, V., Artigaud, S., Buzzacott, P., Wang, Q., Bernay, B., 
et al. (2016). Effect of simulated air dive and decompression sickness on 
the plasma proteome of rats. Proteomics Clin. Appl. 10, 614–620. doi: 10.1002/
prca.201600017

Marseglia, L., Manti, S., D’Angelo, G., Nicotera, A., Parisi, E., Di Rosa, G., 
et al. (2014). Oxidative stress in obesity: a critical component in human 
diseases. Int. J. Mol. Sci. 16, 378–400. doi: 10.3390/ijms16010378

Megson, E., Fitzsimmons, T., Dharmapatni, K., and Bartold, P. M. (2010). 
C-reactive protein in gingival crevicular fluid may be  indicative of systemic 
inflammation. J. Clin. Periodontol. 37, 797–804. doi: 10.1111/j.1600-051X. 
2010.01603.x

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles
https://www.frontiersin.org/articles/10.3389/fphys.2021.791525/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2021.791525/full#supplementary-material
https://doi.org/10.1007/s12529-019-09843-x
https://doi.org/10.1007/s12529-019-09843-x
https://doi.org/10.1186/gm383
https://doi.org/10.5455/medarh.2013.67.374-377
https://doi.org/10.3402/jom.v5i0.20401
https://doi.org/10.1002/cphy.c130048
https://doi.org/10.1111/j.1469-7793.1998.567be.x
https://doi.org/10.1111/j.1469-7793.1998.567be.x
https://doi.org/10.1007/s40496-014-0016-9
https://doi.org/10.1016/j.cyto.2014.10.011
https://doi.org/10.1016/j.cyto.2014.10.011
https://doi.org/10.1002/ar.23569
https://doi.org/10.3389/fphys.2021.687605
https://doi.org/10.3389/fmolb.2019.00091
https://doi.org/10.3389/fmolb.2019.00091
https://doi.org/10.1152/physiolgenomics.00164.2012
https://doi.org/10.1016/j.cobeha.2019.01.007
https://doi.org/10.1016/j.cobeha.2019.01.007
https://doi.org/10.1016/j.archoralbio.2010.05.006
https://doi.org/10.3389/fnbeh.2018.00127
https://doi.org/10.4317/jced.53776
https://doi.org/10.1016/j.psyneuen.2008.10.026
https://doi.org/10.1016/j.redox.2013.07.006
https://doi.org/10.4137/BIC.S25375
https://doi.org/10.3389/fphys.2018.00937
https://doi.org/10.3389/fphys.2018.00937
https://doi.org/10.1002/prca.201700016
https://doi.org/10.1002/prca.201600017
https://doi.org/10.1002/prca.201600017
https://doi.org/10.3390/ijms16010378
https://doi.org/10.1111/j.1600-051X.2010.01603.x
https://doi.org/10.1111/j.1600-051X.2010.01603.x


Monnoyer et al.	 Salivary Biomarkers in Saturation Diving

Frontiers in Physiology | www.frontiersin.org	 7	 November 2021 | Volume 12 | Article 791525

Mrakic-Sposta, S., Vezzoli, A., D’Alessandro, F., Paganini, M., Dellanoce, C., 
Cialoni, D., et al. (2020). Change in oxidative stress biomarkers during 30 
days in saturation dive: a pilot study. Int. J. Environ. Res. Public Health 
17:7118. doi: 10.3390/ijerph17197118

Nater, U. M., Skoluda, N., and Strahler, J. (2013). Biomarkers of stress in 
behavioural medicine. Curr. Opin. Psychiatry 26, 440–445. doi: 10.1097/
YCO.0b013e328363b4ed

Out, D., Hall, R. J., Granger, D. A., Page, G. G., and Woods, S. J. (2012). 
Assessing salivary C-reactive protein: longitudinal associations with systemic 
inflammation and cardiovascular disease risk in women exposed to intimate 
partner violence. Brain Behav. Immun. 26, 543–551. doi: 10.1016/j.bbi.2012.01.019

Punj, A. (2018). “Secretions of human salivary gland,” in Salivary Glands-New 
Approaches in Diagnostics and Treatment. IntechOpen.

Shirtcliff, E. A., Buck, R. L., Laughlin, M. J., Hart, T., Cole, C. R., and 
Slowey, P. D. (2015). Salivary cortisol results obtainable within minutes of 
sample collection correspond with traditional immunoassays. Clin. Ther. 37, 
505–514. doi: 10.1016/j.clinthera.2015.02.014

Singh, A., Kukreti, R., Saso, L., and Kukreti, S. (2019). Oxidative stress: a key 
modulator in neurodegenerative diseases. Molecules 24:1583. doi: 10.3390/
molecules24081583

Slavish, D. C., Graham-Engeland, J. E., Smyth, J. M., and Engeland, C. G. 
(2015). Salivary markers of inflammation in response to acute stress. Brain 
Behav. Immun. 44, 253–269. doi: 10.1016/j.bbi.2014.08.008

Soo-Quee Koh, D., and Choon-Huat Koh, G. (2007). The use of salivary 
biomarkers in occupational and environmental medicine. Occup. Environ. 
Med. 64, 202–210. doi: 10.1136/oem.2006.026567

Standards Norway (2014). NORSOK U-100, Manned Underwater Operations. 
4th Edn.

Stefaniak, A., and Kaczmarek, U. (2013). Salivary α-amylase and cortisol as 
stress biomarkers  - literature review. Dent. Med. Probl. 50, 271–274.

Sureda, A., Batle, J. M., Capo, X., Martorell, M., Cordova, A., Tur, J. A., 
et al. (2014). Scuba diving induces nitric oxide synthesis and the expression 

of inflammatory and regulatory genes of the immune response in 
neutrophils. Physiol. Genomics 46, 647–654. doi: 10.1152/physiolgenomics. 
00028.2014

Usui, T., Yoshikawa, T., Ueda, S.-Y., Katsura, Y., Orita, K., and Fujimoto, S. 
(2011). Effects of acute prolonged strenuous exerciseon the salivary stress 
markers and inflammatory cytokines. Jpn. J. Phys. Fitness Sports Med. 60, 
295–304. doi: 10.7600/jspfsm.60.295

Wilde, C., Out, D., Johnson, S., and Granger, D. A. (2013). “Chapter 6.1  - 
sample collection, including participant preparation and sample handling,” 
in The Immunoassay Handbook. 4th Edn. D. Wild  (Oxford: Elsevier), 
427–440.

Conflict of Interest: Transport and boarding on the Deep Arctic for IE were 
sponsored by the TechnipFMC.

The remaining authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed as a potential 
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product that may 
be evaluated in this article, or claim that may be made by its manufacturer, is 
not guaranteed or endorsed by the publisher.

Copyright © 2021 Monnoyer, Lautridou, Deb, Hjelde and Eftedal. This is an open-
access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are credited and that 
the original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles
https://doi.org/10.3390/ijerph17197118
https://doi.org/10.1097/YCO.0b013e328363b4ed
https://doi.org/10.1097/YCO.0b013e328363b4ed
https://doi.org/10.1016/j.bbi.2012.01.019
https://doi.org/10.1016/j.clinthera.2015.02.014
https://doi.org/10.3390/molecules24081583
https://doi.org/10.3390/molecules24081583
https://doi.org/10.1016/j.bbi.2014.08.008
https://doi.org/10.1136/oem.2006.026567
https://doi.org/10.1152/physiolgenomics.00028.2014
https://doi.org/10.1152/physiolgenomics.00028.2014
https://doi.org/10.7600/jspfsm.60.295
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Using Salivary Biomarkers for Stress Assessment in Offshore Saturation Diving: A Pilot Study
	Introduction
	Materials and Methods
	Ethics
	Study Participants
	Saturation Diving
	Saliva Collection
	Salivary Biomarker Analysis
	Statistics

	Results
	Discussion
	Limitations
	Conclusion

	Data Availability Statement
	Ethics Statement
	Author Contributions

	References

