
Letters

Author Response: Relationship of Choroidal
Vasculature and Choriocapillaris Flow With
Alterations of Salivary α-Amylase Patterns
in Central Serous Chorioretinopathy

We thank Menean et al.1 for giving us the opportunity to
further discuss important methodological aspects carefully
observed in our study regarding the reliable assessment
of salivary α-amylase (α-AMY) as a marker of autonomic
nervous system (ANS) activity in acute central serous chori-
oretinopathy (CSC).

We would like to start by recalling the conclusions of our
paper2: “As a whole, we believe that the dysregulation of
the functional chronobiology of the ANS should be included
among the trigger factors of some of the acute CSC features.”
Objectively, we do not see substantial differences in what
Menean et al.1 say in the first paragraph of their letter.

That said, we would like to clarify a main possible issue
of misunderstanding from which a large proportion of the
comments made by Menean et al.1 might arise. It is interest-
ing to speculate that organisms not only regulate their phys-
iological functioning in response to acute and chronic chal-
lenges, but also rely on biological rhythms to continuously
adapt to the environment. Thus, we think that alterations in
biological rhythms might impair health and well-being, just
as different stressor exposures can, obviously with mecha-
nisms not always overlapping.

We are very confident that salivary α-AMY (and cortisol)
measures might be helpful for describing the mechanisms by
which several challenges potentially contribute to the patho-
genesis and outcomes of stress-related diseases in predis-
posed individuals.3–5 For this purpose, it has been previ-
ously shown that different salivary biomarkers are indica-
tors of stress-related hypothalamic–pituitary–adrenocortical
axis and ANS activities, in which the activation of the stress
response is induced by contingent and variable sources
of external stimuli, such as hypoxia induced by hypobaric
chamber challenge or vertigo induced by caloric testing.6,7

In contrast, both of the studies we have been invited
to discuss here describe the hypothalamic–pituitary–
adrenocortical axis and ANS activity in resting conditions
under a relatively fixed source of stimulation, such as inter-
nal rhythms that regulate the daily periodicity of the systems,
quite independently of feedback circuits.8 Here, it is impor-
tant to remember that our studies were carried out under
resting conditions, verified through diaries and compliance
checks on the study participants regarding saliva collection.

Menean et al.1 had doubts regarding the potential influ-
ence of the parasympathetic drive on salivary flow regu-
lation and, therefore, the accuracy of our salivary α-AMY
measures, quoting a study that pointed out a possible
decrease in the salivary flow rate under the stress response
as a confounding factor.9

To comment on this point of discussion, first, we cannot
omit a study by researchers of excellence in the field of
salivary stress biomarkers, which reported that increased
salivary α-AMY production under conditions of stress was
distinct from changes in the salivary flow rate.10 The authors
showed that the response patterns of salivary α-AMY during

controlled laboratory stress were consistent, regardless of
whether the AMY concentration (U/mL) or the AMY output
(U/min) was examined.

However, to overcome any bias on salivary α-AMY
measures owing to salivary flow, we must point out that, in
our studies, the salivary flow rate was in fact calculated.9,11

As indicated in the methods section, the unstimulated sali-
vary flow rate (mL/min−1) was determined in the study
population by dividing the volume of saliva by the collection
time. Under basal conditions, the rate of saliva production
was 0.5 mL/min−1. The salivary flow rate of valid samples
should not be less than 0.1 mL/min−1.12,13

Thus, we do not believe that salivary flow cannot be
controlled.

Under “unstimulated” resting conditions, our protocol
provided a multiple-timepoint assessment of salivary α-AMY
production characterizing the activity of ANS in acute CSC
compared with healthy matched controls.2,14 In our opinion,
not including α-AMY levels within the first hour of waking
does not represent poor accuracy, but rather the choice
to emphasize changes in the diurnal variation trend rather
than those closer to awakening. Therefore, we intentionally
decided not to insert the salivary α-AMY values at 0, 30, and
60 minutes after waking that were collected and reported in
a previous study.14

We already speculatively discussed in a review15 and
explicitly reported in our study2 that changes in diurnal sali-
vary α-AMY production (diurnal percentage variation, ANS
associated) observed in acute CSC-susceptible individuals
could be attributed to physiological system dysregulation
(dysfunction or imbalance), allowing us to infer a causal link
between ANS derangement (imbalance) and choroidal acute
CSC features.

In addition, we would like to emphasize that the study
population was not exposed to any type of stress, acute or
chronic. Moreover, in our studies, only subjects with acute
CSC were involved.

Our previous work assessed circadian patterns of basal
salivary α-AMY secretion in acute CSC14; several composite
variables (diurnal trends of the biomarker and area under
the curve with respect to the ground) were derived from
the values measured at the repeated saliva collection times,
showing higher levels of α-AMY in the CSC group than in
controls, which was peculiarly detectable in the second part
of the day. Conversely, in the study published in Investiga-
tive Ophthalmology and & Visual Science,2 raw biomarker
data were used to estimate (1) the area under the curve
with respect to the ground, showing a significant increase
of α-AMY production from 8:00 to 20:00 h. Furthermore, (2)
the relative percentage variation between evening and morn-
ing production of α-AMY was estimated, showing a decrease
close to 30% in the expected increase in the evening percent-
age of α-AMY production in CSC subjects compared with the
control group. In our opinion, the reported results add differ-
ent observation points to deepen the knowledge of acute
CSC and its involvement with ASN, a very complex system,
using the measurement of α-AMY as a surrogate marker of
sympathetic activity.2,14–17

We are interested in reading the in vitro study cited by
Menean et al.1 concerning the implications of the differential
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expression of receptors for glucocorticoid hormones in rat
ocular tissues in an experimental model of hypothalamic–
pituitary–adrenocortical axis downregulation.18 However,
from the currently available literature, we do not believe
it is possible to establish or even exclude a link between
salivary α-AMY changes and glucocorticoid receptors (both
mineralocorticoid and glucocorticoid receptor) in humans
with acute/chronic CSC.2,15–17,19,20

Fabio Scarinci
Francesca Romana Patacchioli
Eliana Costanzo
Mariacristina Parravano

IRCCS – Fondazione Bietti, Rome, Italy.
E-mail: fabioscarinci@gmail.com.

Acknowledgments

Supported by the Italian Ministry of Health and Fondazione
Roma. The funders had no role in the study design, data collec-
tion and analysis, decision to publish, or preparation of the
manuscript.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for- profit sectors.

Disclosure: F. Scarinci, None; F.R. Patacchioli, None;
E. Costanzo, Nine; M. Parravano, (F) Allergan, Bayer, and
Novartis, all outside the submitted work

References

1. Menean M, Sacconi R, Querques G. Letter to the editor:
Relationship of choroidal vasculature and choriocapillaris
flow with alterations of salivary α-amylase patterns in
central serous chorioretinopathy. Invest Ophthalmol Vis Sci.
2022;63(6):11, doi:10.1167/iovs.63.6.11.

2. Scarinci F, Patacchioli FR, Costanzo E, Parravano M.
Relationship of choroidal vasculature and choriocapillaris
flow with alterations of salivary α-amylase patterns in
central serous chorioretinopathy. Invest Ophthalmol Vis Sci.
2021;62(15):19, doi:10.1167/iovs.62.15.19.

3. Jones EJ, Rohleder N, Schreier HMC. Neuroendocrine coor-
dination and youth behavior problems: a review of studies
assessing sympathetic nervous system and hypothalamic-
pituitary adrenal axis activity using salivary alpha amylase
and salivary cortisol. Hormones Behav. 2020;122:104750,
doi:10.1016/j.yhbeh.2020.104750.

4. Nater UM, Rohleder N, Schlotz W, Ehlert U, Kirschbaum C.
Determinants of the diurnal course of salivary α-Amylase.
Psychoneuroendocrinology. 2007;32:392–401.

5. Schumacher S, Kirschbaum C, Fydrich T, Ströhle A. Is
salivary alpha-amylase an indicator of autonomic nervous
system dysregulations in mental disorders? A review of
preliminary findings and the interactions with cortisol.
Psychoneuroendocrinology. 2013;38:729–743, doi:10.1016/
j.psyneuen.2013.02.003.

6. Simeoni S, Biselli R, D’Amelio R, et al. Stress-induced
salivary cortisol secretion during hypobaric hypoxia chal-
lenge and in vivo urinary thromboxane production in
healthy male subjects. Stress. 2011;14(3):282–289, doi:10.
3109/10253890.2010.545458.

7. Cozma S, Ghiciuc CM, Damian L, et al. Distinct activation of
the sympathetic adreno-medullar system and hypothalamus
pituitary adrenal axis following the caloric vestibular test in
healthy subjects. PLoS One. 2018;6;13(3):e0193963, doi:10.
1371/journal.pone.0193963.

8. Reppert SM, Weaver DR. Coordination of circadian
timing in mammals.Nature. 2002;418:935–941, doi:10.1038/
nature00965.

9. Bosch JA, Veerman ECI, de Geus EJ, Proctor GB. α-Amylase
as a reliable and convenient measure of sympathetic activity:
don’t start salivating just yet! Psychoneuroendocrinology.
2011;36(4):449–453, doi:10.1016/j.psyneuen.2010.12.019.

10. Rohleder N, Wolf JM, Maldonado EF, Kirschbaum C. The
psychosocial stress induced increase in salivary alpha-
amylase is independent of saliva flow rate. Psychophysiol-
ogy. 2006;43:645–652.

11. Beltzer EK, Fortunato CK, Guaderrama MM, Peckins MK,
Garramone BM, Granger DA. Salivary flow and alpha-
amylase: collection technique, duration, and oral fluid type.
Physiol Behav. 2010;101(2):289–296.

12. Shiboski CH, Shiboski SC, Seror R, et al. 2016 Ameri-
can College of Rheumatology/European League Against
Rheumatism Classification Criteria for Primary Sjogren’s
Syndrome: a consensus and data-driven methodology
involving three international patient cohorts. Arthritis
Rheumatol. 2017;69:35–45.

13. Navazesh M, Kumar SK. Measuring salivary flow: challenges
and opportunities. J Am Dent Assoc. 2008;139(Suppl:35):S–
40S, doi:10.14219/jada.archive.2008.0353.

14. Scarinci F, Patacchioli FR, Palmery M, et al. Diurnal trajec-
tories of salivary cortisol and α-amylase and psychological
profiles in patients with central serous chorioretinopathy.
Chronobiol Int. 2020;37(4):510–519, doi:10.1080/07420528.
2019.1702553.

15. Scarinci F, Ghiciuc CM, Patacchioli FR, Palmery M, Parra-
vano M. Investigating the hypothesis of stress system
dysregulation as a risk factor for central serous chori-
oretinopathy: a literature mini-review. Curr Eye Res.
2019;44(6):583–589, doi:10.1080/02713683.2019.1565891.

16. Abdelhakim AH, Ledesma-Gil G, Yannuzzi LA. Salivary
alpha amylase levels may correlate with central serous
chorioretinopathy activity. Retina. 2021;41(10):2007–2008,
doi:10.1097/IAE.0000000000003265.

17. Scholz P, Altay L, Sitnilska V, et al. Salivary alpha-amylase
levels may correlate with central serous chorioretinopa-
thy activity. Retina. 2021;41(12):2479–2484, doi:10.1097/
IAE.0000000000003266.

18. Zola M, Mejlachowicz D, Gregorio R, et al. Chronic
systemic dexamethasone regulates the mineralocorti-
coid/glucocorticoid pathways balance in rat ocular tissues.
Int J Mol Sci. 2022;23(3):1278.

19. Jampol LM, Weinreb R, Yannuzzi L. Involvement of corticos-
teroids and catecholamines in the pathogenesis of central
serous chorioretinopathy: a rationale for new treatment
strategies. Ophthalmology. 2002;109:1765–1766.

20. Lotery A, Sivaprasad S, O’Connell A, et al. Eplerenone versus
placebo for chronic central serous chorioretinopathy: the
VICI RCT. Southampton (UK): NIHR Journals Library; 2021.
PMID: 33471454.

Citation: Invest Ophthalmol Vis Sci. 2022;63(6):10.
https://doi.org/10.1167/iovs.63.6.10

mailto:fabioscarinci@gmail.com
https://doi.org/10.1167/iovs.63.6.11
http://doi.org/10.1167/iovs.62.15.19
http://doi.org/10.1016/j.yhbeh.2020.104750
http://doi.org/10.1016/j.psyneuen.2013.02.003
http://doi.org/10.3109/10253890.2010.545458
http://doi.org/10.1371/journal.pone.0193963
http://doi.org/10.1038/nature00965
http://doi.org/10.1016/j.psyneuen.2010.12.019
http://doi.org/10.14219/jada.archive.2008.0353
http://doi.org/10.1080/07420528.2019.1702553
http://doi.org/10.1080/02713683.2019.1565891
http://doi.org/10.1097/IAE.0000000000003265
http://doi.org/10.1097/IAE.0000000000003266
https://doi.org/10.1167/iovs.63.6.10

