
However, to clarify whether high salt intake or sodium itself increases
the riskofOSA, further studies comparingdifferencesbetweendaytime
and nighttime sodium excretion and their relationship with OSA are
required.�

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Yasuharu Tabara, Ph.D.*
Shizuoka Graduate University of Public Health
Aoi-ku Shizuoka, Japan

and

Kyoto University Graduate School of Medicine
Sakyo-ku Kyoto, Japan

Kazuo Chin, M.D., Ph.D.
Nihon University of Medicine
Itabashi-ku Tokyo, Japan

and

Kyoto University Graduate School of Medicine
Sakyo-ku Kyoto, Japan

ORCID ID: 0000-0003-4505-7951 (Y.T.).

*Corresponding author (e-mail: tabara@s-sph.ac.jp).

References

1 Giatti S, Santos RB, Aielo AN, Silva WA, Parise BK, Souza SP, et al.
Association of sodium with obstructive sleep apnea. The ELSA-Brasil
Study. Ann Am Thorac Soc 2021;18:502–510.

2 White LH, Bradley TD, Logan AG. Relationship of circadian pattern of urine
sodium excretion to hypertension and obstructive sleep apnoea. J
Hypertens 2014;32:2253–2260.

3 Staessen JA, Birkenh€ager W, Bulpitt CJ, Fagard R, Fletcher AE, Lijnen P,
et al. The relationship between blood pressure and sodium and
potassium excretion during the day and at night. J Hypertens 1993;11:
443–447.

4 Dyer AR, Martin GJ, Burton WN, Levin M, Stamler J. Blood pressure and
diurnal variation in sodium, potassium, and water excretion. J Hum
Hypertens 1998;12:363–371.

5 Elijovich F,WeinbergerMH, AndersonCA, Appel LJ, BursztynM, CookNR,
et al.; American Heart Association Professional and Public Education
Committee of the Council on Hypertension; Council on Functional
Genomics and Translational Biology; and Stroke Council. Salt sensitivity
of blood pressure: a scientific statement from the American Heart
Association. Hypertension 2016;68:e7–e46.

6 Kimura G, Dohi Y, Fukuda M. Salt sensitivity and circadian rhythm of blood
pressure: the keys to connect CKD with cardiovascular events.
Hypertens Res 2010;33:515–520.

7 Uzu T, Kazembe FS, Ishikawa K, Nakamura S, Inenaga T, Kimura G. High
sodium sensitivity implicates nocturnal hypertension in essential
hypertension. Hypertension 1996;28:139–142.

8 Uzu T, Ishikawa K, Fujii T, Nakamura S, Inenaga T, Kimura G. Sodium
restriction shifts circadian rhythm of blood pressure from nondipper to
dipper in essential hypertension. Circulation 1997;96:1859–1862.

9 Umlauf MG, Chasens ER, Greevy RA, Arnold J, Burgio KL, Pillion DJ.
Obstructive sleep apnea, nocturia and polyuria in older adults. Sleep
2004;27:139–144.

10 Hamada S, Tabara Y, Murase K, Matsumoto T, Setoh K, Wakamura T,
et al.; Nagahama Study Group. Night-time frequency of urination as a
manifestation of sleep-disordered breathing: the Nagahama study.Sleep
Med 2021;77:288–294.

Copyright © 2021 by the American Thoracic Society

Reply: Salt, Diuretics, and Obstructive Sleep Apnea

From the Authors:

We fully appreciated the interest in discussing our recent
findings pointing to an independent association of sodium
excretion with obstructive sleep apnea (OSA) in participants
with hypertension but not in the normotensive ones (1). Until
recently, it was not clear whether we could extrapolate the role
of dietary sodium and related fluid retention on the OSA
pathogenesis to all myriad of patients with this important and
prevalent sleep-disordered breathing. The main take-home
message from our study is that the role of sodium and related
fluid retention is probably limited to hypervolemic
conditions (1).

Drs.TabaraandChin(2)appropriatelyarguedthatourstrategyfor
limiting the sodiumexcretionanalysis to12hours (7 P.M. to7A.M.) isnot

ideal, to which we agree. This strategy was chosen to minimize the
inaccuracy of the urine volume collected and stored during working
periods and to avoid the influence of significant sodium loss in sweat in
this large sample size (1). As discussed in the paper, the ELSA-Brasil
study previously validated the 12-hour urine collected at night to
estimate 24-hour excretion of sodium (3, 4). Moreover, it is also
important to stress that the 12-hour urine sample certainly surpasses
the sleep time. Most of the participants from the ELSA-Brasil study
slept 6–7 hours (5). In our study, we had the opportunity to perform
additional analysis using 24h sodium intake instead of sodium
excretion.Theconsistent results reinforce themainstudymessage (1).
Despite these arguments, we agree that additional analysis using
daytime and nighttime sodium excretion may provide incremental
findings for improvingour current understandingof sodium’s impact
on OSA according to the hypertension and blood pressure dipping
status.

The influence of the individual susceptibility to the effects of
salt intake (salt sensitivity) is another interesting point discussed
by Tabara and Chin. Salt-sensitive individuals usually present an
abnormal kidney reaction to salt intake (6) and have been
estimated to be present in approximately half of the patients with
hypertension and a quarter of normotensives (7); in this
scenario, it is conceivable that salt-sensitive patients may be
more susceptible to the fluid retention and therefore more
susceptible to the upper airway collapse during sleep. The major

This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0. For
commercial usage and reprints, please e-mail Diane Gern.

Supported by grants from FAPESP (2012/02953-2 and 2019/23496-8)
(L.F.D.).

Letters 2103

LETTERS

http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.202105-541LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0003-4505-7951
mailto:tabara@s-sph.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1513/AnnalsATS.202106-654LE&domain=pdf&date_stamp=2021-11-22
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org


challenge for pursuing this hypothesis is the lack of feasible and
straightforward methods for measuring salt sensitivity in clinical
practice due to multiple confounders (6).

We also are grateful for the comments provided by Revol and
colleagues (8). They highlighted the potential role of diuretics on
ameliorating OSA severity based on the overnight rostral fluid shift
phenomenon. Their huge propensity-matched analysis data showed
that the presence of diuretics reduced the severity of OSA only in
patients with hypertension but not in the entire population (9). Our
results are, therefore, in line with this real-life observation. The authors
argued that these combined properties—a well-established
antihypertensive treatment (10) and the effects on chronic fluid
retention as a mediator of OSA severity—make diuretics one of
the preferable choices for hypertensive patients with comorbid OSA.
Although we agreed about this attractive strategy, definitive
evidence from head-to-head comparisons between diuretics and
other classes would be ideal. It is important to note, however, that
the vast majority of available studies showedmodest effects of
diuretics on OSA severity (11, 12), underscoring the need for
combined and personalized treatments as suggested by Revol and
colleagues (8).�
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