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Exercise may reduce SDB severity through reduction in nocturnal rostral fluid shift
http://ow.ly/4nbPZz

Sleep disordered breathing (SDB) is a prevalent sleep disorder [1, 2] with a wide array of potential adverse
health consequences if left untreated, including cognitive impairment, type 2 diabetes, cardiovascular
disease and early mortality [3–6]. The most common type of SDB, obstructive sleep apnoea (OSA), is
strongly tied to excess weight [7] and afflicts up to 10% of adults [2]. Positive airway pressure (PAP)
therapy is the most established treatment for OSA and central sleep apnoea (CSA), the other common
type of SDB. PAP therapy is highly efficacious at reducing apnoeas and hypopneas during sleep, and its
consistent use has been shown to reduce health risk to near non-SDB levels [8, 9]. However, its efficacy is
dependent upon regular use, and long-term adherence to PAP is often unacceptably low [10].

As an adjunctive treatment option or alternative if PAP therapy is not tolerated, weight loss is commonly
recommended for overweight/obese adults with OSA [11]. Behavioural lifestyle interventions have been shown to
be effective at inducing significant weight loss and OSA severity reduction [12] and have typically focused on
dietary modification, with physical activity recommended to increase energy expenditure. However, a consistent,
though small, body of literature is emerging to suggest that exercise may have effects on OSA severity
independent of any effects on body weight [13]. A recent meta-analysis found that 3–6 months of exercise
training reduces the apnoea–hypopnea index (AHI), a standard measure of SDB severity, by ∼32% in adults with
OSA [14]. Additional small trials have observed AHI reduction following exercise training in adults with CSA
[15, 16]. When also considering its potential benefits on daytime functioning and cardiovascular risk [17, 18],
exercise may be an attractive adjunct treatment for SDB regardless of whether weight loss is accomplished.

Yet, with such a small body of evidence, much remains unknown regarding the effect of exercise on SDB.
For instance, aside from weight loss, few mechanisms that could explain how exercise reduces SDB severity
have been explored [13, 19]. Additionally, it is unknown whether SDB severity improvement occurs only
once aerobic exercise-induced training adaptations (e.g. increased peak oxygen consumption (V′O2peak))
manifest, which typically takes at least 8 weeks. Research in this issue of the European Respiratory Journal
suggests that AHI reduction of 34% is achievable with as little as 4 weeks of exercise, through attenuation
of the nocturnal rostral fluid shift [20].

Although SDB is caused by a variety of weight-dependent and -independent mechanisms [21], lower-limb
fluid accumulation (and its subsequent overnight rostral redistribution) has emerged as a contributor to
the pathogenesis of SDB [22], especially among adults with significant fluid retention (e.g. heart failure).
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Gravitational forces lead to the daytime retention of fluid in the interstitial and intravascular
compartments of the lower limbs which, upon lying down at night, shifts to the head and upper body.
Redistribution to the neck reduces the luminal size of the upper airway and increases its collapsibility,
thereby predisposing to OSA. In contrast, nocturnal fluid redistribution to the chest probably leads to
pulmonary congestion, leading to CSA via hyperventilation and hypocapnia [22]. Because the primary
physiological mechanism preventing lower-limb fluid accumulation is leg skeletal muscle contraction, a
highly inactive lifestyle may contribute to SDB severity through this mechanism [19]. MENDELSON et al.
[20] hypothesised that exercise training would reduce the magnitude of nocturnal rostral fluid shift via
engagement of muscle pump activity, thereby lessening the displacement of fluid to the thoracic cavity (for
CSA) and neck (for OSA) and reducing AHI.

To test their hypothesis, MENDELSON et al. [20] randomised 44 adults with coronary artery disease and
moderate to severe SDB to 4 weeks of exercise or a no-treatment control condition. The exercise
intervention consisted of 150 min of moderate-intensity aerobic exercise per week, accomplished by
30 min of walking at 60% of V′O2peak on 5 days·week−1 in both supervised and unsupervised sessions.
Before and after the 4-week period, participants underwent maximal exercise testing to evaluate fitness and
overnight polysomnography to assess SDB severity. Before and after sleeping, upper-airway cross-sectional
area was assessed with acoustic rhinometry, fluid volumes (leg, thoracic and neck) were measured with
bioelectrical impedance, and neck and calf circumferences were taken. Of the 34 predominantly male
patients who completed the study (17 in each condition), AHI was reduced by 34% in the exercise group,
which was significantly greater than the 4% reduction observed in the control group. The AHI reduction
was accompanied by greater reduction in the overnight change in leg fluid volume and increase in the
overnight change in upper-airway cross-sectional area in the exercise group. Importantly, the exercise
group did not lose weight or significantly improve their fitness from the 4-week intervention.

This study’s findings confirm a modest effect of exercise on AHI reduction among adults with SDB and
suggest that the AHI reduction was due to a reduced nocturnal fluid shift and subsequent retention of upper
airway size. The results are similar to those observed by REDOLFI et al. [23] in a randomised crossover trial of
eight adults. In this study, 1 week of moderate-intensity walking twice per day for 45 min per session resulted
in a 30% AHI reduction that coincided with a reduction in overnight fluid shift, reduction in nocturnal
enlargement in neck circumference, and suppression of nocturnal change in pharyngeal air volume (as
measured by magnetic resonance imaging). In addition to the larger sample size, a key advantage of the study
by MENDELSON et al. [20] is their examination of a much more realistic exercise dose (150 min·week−1 versus
630 min·week−1). Nevertheless, the similarity of study results lends additional credibility to the hypothesis
that exercise may reduce SDB severity through attenuating the nocturnal rostral fluid shift.

An important unresolved issue in the study by MENDELSON et al. [20] is whether the effect of exercise on AHI
was solely via an acute effect of exercise on the nocturnal rostral fluid shift or whether 4 weeks of exercise
training led to additional adaptations that contributed to AHI reduction in addition to the observed reduction
in overnight fluid redistribution. If the authors considered the effect of exercise to be driven by its acute effect
on lower-limb fluid accumulation, it is unclear why a 4-week intervention was deemed necessary. Notably,
KLINE et al. [13] previously observed a 24% reduction in AHI following 12 weeks of moderate-intensity
exercise training; assessment of SDB severity at post-intervention occurred following a day of no exercise, so
rostral fluid shift attenuation was a less plausible mechanism. Other mechanisms that may explain the effect
of exercise training on SDB include increased respiratory stability through more consolidated and deeper
sleep, increased strength and fatigue resistance of the upper airway dilators, and decreased nasal resistance
[13]. To date, these mechanisms have been inadequately tested and remain largely speculative.

Despite the promising results from this and other studies on the effect of exercise on SDB, their impact
may be limited due to the low long-term compliance to exercise. Few adults meet the public health
recommendations for physical activity (i.e. 150 min·week−1 of moderate-intensity aerobic activity, at least
2 days·week−1 of strength-based activity) [24]. Moreover, transitioning to a physically active lifestyle may
be even more difficult for adults with SDB, who frequently report daytime fatigue and lack of energy due
to their chronically fragmented sleep [25]. Especially since daytime lower-limb fluid accumulation is
greatest while seated, a more feasible public health approach may simply be reducing sedentary behaviour
(i.e. sitting) rather than requiring moderate-intensity physical activity [26]. Prior research has
demonstrated an association between lower daytime sitting duration and a smaller shift in overnight fluid
volume, which consequently was associated with lower AHI [27]. Thus, whether breaking up prolonged
sitting with standing or other light-intensity activity has an impact on SDB severity merits exploration.
Furthermore, because adults can be physically active yet also highly sedentary, a combination of physical
inactivity and high sedentary behaviour may place one at especially high risk for SDB. KLINE and HALL

[28] found that community-based adults with a combination of high levels of sedentary time and low
physical activity had higher AHI values than all other adults. Moreover, BUMAN et al. [29] found that
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television viewing while sitting was associated with being “high risk” for OSA, but that this association was
negated among those who were regularly physically active. With television viewing typically undertaken in
the evening, the latter study also highlights whether the timing of sedentary behaviour affects SDB severity
and whether increasing activity in the hours leading up to bedtime could be particularly beneficial at
reducing SDB severity. These possibilities merit inquiry with experimental trials.

In conclusion, MENDELSON et al. [20] provide intriguing experimental evidence that a short-term exercise
protocol results in significant, albeit modest, reductions in SDB severity that occur alongside a reduction
in nocturnal rostral fluid shift despite no change in body weight or fitness. Further work is needed to
explore whether similar reductions occur in women, adults without coronary artery disease, and among
adults with CSA. Nevertheless, this work should spur additional exploration into how exercise may be
utilised in the prevention and management of SDB.
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