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Chronic kidney disease is a growing public
health problem that affects 9.1% of the world
population (1), including 37 million people
in the United States (2). Chronic kidney
disease is predominantly diagnosed and
classified based on estimated glomerular
filtration rate and urine albumin excretion
(3). Albuminuria may be the first clinical
manifestation of chronic kidney disease, and
in glomerular diseases such as diabetic
kidney disease, albuminuria usually presents
before the reduction in glomerular filtration
rate (4). Furthermore, albuminuria is
associated with underlying hypertension and
obesity and is a well-established risk factor
for chronic kidney disease progression and
cardiovascular events (3).

Over the past two decades, there have
been significant advances in our

understanding of mechanisms associated with
the progression of chronic kidney disease,
including genetic, behavioral, metabolic, and
other novel risk factors (5). However, despite
the high prevalence of sleep disorders among
patients with chronic kidney disease, the
association between sleep disorders and early
markers of kidney disease such as
albuminuria remains understudied. In the
general population, the prevalence of sleep
disordered breathing is estimated to be 10%.
Among patients with chronic kidney disease,
prevalence estimates are much higher, ranging
from 25% in patients with early stages of
kidney disease to 70% among patients with
end-stage kidney disease. Of note, this finding
does not seem to be explained by known
factors such as age, body mass index (BMI),
or other comorbidities (6). Therefore, there is
a critical need to better understand the
association between sleep disorders and
chronic kidney disease.

Prior studies have reported significant
associations between prevalent sleep
disordered breathing and albuminuria in
diverse community-based cohorts (7, 9, 10),
as well as among patients with diabetes (6)
and hypertension (7). In this issue of
AnnalsATS, Murase and colleagues
(pp. 451–461) report the results of a large
community-based (8), cross-sectional study
evaluating the association between sleep
disordered breathing, blood pressure, and
albuminuria. They evaluated more than
6,000 individuals enrolled in the Nagahama
study who wore a wrist actigraph for at least
5 days and a pulse oximeter for at least 2
days and provided a spot urine sample for
measurement of urine albumin to creatinine
ratio. In addition, a subset of participants
(5,313) underwent daytime and nighttime
home blood pressure measurements to

evaluate blood pressure as a potential
mediator of the association between sleep
disordered breathing and albuminuria.
Patients with end-stage kidney disease, those
with active malignancy, and those receiving
treatment for sleep disordered breathing
were excluded from the study. Sleep
disordered breathing was defined using the
actigraphy-modified 3% oxygen desaturation
index (ODI) and the cumulative percentage
of sleep time with oxygen saturation,90%.
At study entry, the mean age of participants
was 58 years, 67% were women, 35% had
hypertension, 6.5% had diabetes, and the
mean BMI was 22 kg/m2.

In this study, moderate to severe sleep
disordered breathing (defined as ODI> 15)
was found in 12.4% of participants, and
moderately increased albuminuria (defined
as urine albumin to creatinine ratio
30–299 mg/g) in 7.0%. Albuminuria was
higher among individuals with moderate to
severe sleep disordered breathing compared
with those with mild (ODI 5 to,15) or no
sleep disordered breathing (ODI, 5). After
adjusting for the presence of obesity,
hypertension, and diabetes, individuals with
moderate to severe sleep disordered
breathing had higher odds of albuminuria
(odds ratio, 1.90; 95% confidence interval
[CI], 1.36–2.65). Furthermore, mediation
analysis revealed that systolic blood pressure
(measured in the morning and during sleep)
explained 28.3% (95% CI, 14.9–41.7%) of the
association between sleep disordered
breathing and albuminuria, suggesting that
other mechanistic pathways might be
involved.

Interestingly, Murase and colleagues did
not find a significant association between the
cumulative percentage of sleep time with
oxygen saturation less than 90% and
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prevalent albuminuria. This finding is in
contrast with a prior study by Canales and
colleagues, which reported that higher
percentage total sleep time spent at,90%
oxygen saturation was significantly
associated with higher albuminuria among
5,995 community-dwelling men aged 65
years and older (9). These discordant
findings could be due to differences in the
study populations in terms of age, sex, racial
and ethnic background, and comorbidity
burden (in the study by Canales and
colleagues, participants were male, were
more likely to be older andWhite, and had
higher prevalence of cardiovascular disease,
hypertension, and diabetes compared with
the current study). Moreover, sleep
disordered breathing was defined using
polysomnography in the study by Canales
and colleagues compared with actigraphy-
modified pulse oximetry in the present study.

There are multiple potential
mechanisms by which sleep disordered

breathing may be associated with
albuminuria. In general populations, there
is considerable evidence that sleep
disordered breathing has a deleterious
impact on hypertension, diabetes, and
obesity (11–14) through activation of the
sympathetic nervous system, insulin
resistance, and appetite dysregulation,
respectively (15). Therefore, exacerbation of
these risk factors that are well known to be
associated with incidence and progression
of chronic kidney disease might lead to
albuminuria. Furthermore, the intermittent
episodes of hypoxia and reoxygenation
experienced by patients with sleep
disordered breathing might be directly
associated with renal tubular damage by
stimulating the formation of reactive
oxygen species that promote inflammation
and endothelial damage and by activating
the sympathetic nervous system (15).

The results of the study by Murase
and colleagues have to be interpreted in

light of its strengths and limitations. This
was one of the first studies to evaluate the
association between sleep disordered
breathing, blood pressure, and albuminuria
using a large community-based cohort with
more than 6,000 participants. However,
given the cross-sectional nature of the
study, causality or direction of the
associations examined cannot be
determined. Therefore, future longitudinal
studies are needed to corroborate their
finding of a significant association between
sleep disordered breathing defined by an
increased actigraphy-modified 3% ODI and
albuminuria. This is an area of particular
interest given that prior studies have shown
a decrease in albuminuria among patients
treated with continuous positive airway
pressure (16, 17). �
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