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Objectives: Obstructive sleep apnea (OSA) is a risk factor for cardiovascular disease (CVD), the main cause of
mortality in chronic kidney disease (CKD). Although the prevalence of OSA in patients with CKD has not been
established, a few studies suggest that it is higher than in the general population, potentially increasing the
risk for CVD. Obesity increases the risk, whereas sarcopenia has been suggested as a consequence of OSA in
the general population. To our knowledge, these associations have not been adequately evaluated in patients
with CKD. The aim of this study was to evaluate OSA frequency and its association with total and upper body
adiposity and sarcopenia in non-dialyzed CKD patients.
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Obesity Methods: This cross-sectional study included 73 patients with stages 3b—4 CKD (42 men, 62.9 & 1.1 y of age).
Neck CirC_umference Glomerular filtration rate was estimated by the CKD-Epidemiology Collaboration equation. Patients were
Sarcopenia assessed for OSA by Watch-PAT200 (apnea-hypopnea index >5 events hourly; Itamar Medical), total body adi-

posity by dual-energy x-ray absorptiometry (DXA) and body mass index (BMI), upper body adiposity by
anthropometric parameters and by trunk and visceral fat by DXA, and sarcopenia.
Results: OSA frequency was 67% (N =49). Both total and upper body adiposity were associated with the presence
and severity of OSA. In non-obese patients (BMI <30 kg/m?), upper body obesity increased significantly the fre-
quency of OSA. OSA association with sarcopenia was blunted when BMI was included in regression model.
Conclusions: Results from the present study suggest that in non-dialyzed CKD patients OSA is very common
and associated with total and upper body obesity, but not with sarcopenia.

© 2018 Elsevier Inc. All rights reserved.
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ized by narrowing of the upper airway that impairs normal ventila-
tion during sleep [1]. OSA is considered a public health problem
due to both its high prevalence, which has been estimated as 22%
in men and 17% in women in the general population [2], as well as
its association with increased morbidity and mortality in the short
term (traffic- and job-related accidents) [3,4] and the long term
(cardiovascular diseases [CVDs]) [5,6].

To our knowledge, few studies have evaluated the prevalence of
OSA in patients with chronic kidney disease (CKD) [7—11]. Some of
these studies included both dialyzed and non-dialyzed patients
[7,8], whereas others included only non-dialyzed patients,
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presenting a wide range of estimated glomerular filtration rate
(eGFR) [9—11]. Although at the present time there is no consensus
regarding the prevalence of OSA in CKD, these few studies suggest
that it is higher than in the general population, exceeding 50% in
some studies, and increases as eGFR declines [7-9,11,12].

Evidence suggests that the relationship between OSA and CKD
is not unidirectional; OSA may favor the development and progres-
sion of CKD, whereas CKD may predispose to the occurrence of
OSA [13,14]. Patients with CKD have a high risk for CVD [15,16]
and the presence of OSA has the potential to further increase this
risk. Therefore, it is important to identify factors that may increase
the risk for OSA in CKD, as well as the clinical, laboratory, and met-
abolic abnormalities associated with OSA in these patients.

Obesity increases the risk for OSA and the development and
progression of CKD [17,18]. The relationship between body adipos-
ity and OSA in patients with CKD has not been adequately studied
to our knowledge. The few available studies showed an association
between high values of body mass index (BMI) or neck circumfer-
ence (NC) with OSA [7,8,12].

Sarcopenia, a syndrome characterized by progressive and gen-
eralized loss of skeletal muscle mass and strength [19], is common
in patients with CKD, especially those in stage 5[20,21] and is asso-
ciated with a worse prognosis [22]. Limited evidences suggest that
sleep disturbances may impair muscle metabolism, favoring the
development of sarcopenia [23,24]. However, to our knowledge,
no study has evaluated the effects of OSA on sarcopenia in patients
with CKD.

The present study aimed to evaluate the presence of OSA and its
association with total and upper body adiposity in non-dialyzed
CKD patients. As a secondary objective, we investigated the rela-
tion of OSA with sarcopenia.

Methods

This cross-sectional study was conducted with non-dialyzed CKD patients
under regular treatment for >6 mo at the interdisciplinary outpatient nephrology
clinic at Pedro Ernesto University Hospital (Rio de Janeiro State University—Rio de
Janeiro, Brazil). This study followed the guidelines laid down in the Declaration of
Helsinki and all procedures involving patients were approved by the local Commit-
tee on Ethics and Research. Participants were enrolled between November 2014
and July 2016. Written informed consent was obtained from all patients.

The inclusion criteria were men and women ages 45 to 80 y with a BMI >20
and <35 kg/m? who were presenting CKD stages 3b and 4. The exclusion criteria
were use of immunosuppressive drugs; recent changes (previous 3 mo) in body
weight (>3 kg), dietary intake, or intensity or frequency of physical exercise; diag-
noses of AIDS, cancer, heart failure, liver failure, chronic pulmonary disease, auto-
immune diseases, acute illness, amputation, and mental disorders; pregnant or
lactating women; and inability to walk 6 m.

Participants who met eligibility criteria and agreed to take part in the study
were scheduled to arrive at the Laboratory of the Discipline of Clinical and Experi-
mental Pathophysiology between 08:00 and 10:00 a.m. after a 12-h fasting period
and abstinence from alcohol for 3 d. While fasting, they were subjected to nutri-
tional and laboratory evaluation. In sequence, participants received the portable
device (Watch-PAT200; Itamar Medical) and all necessary instruction, to conduct
the home sleep study. On the following day, participants returned the Watch-
PAT200 to the laboratory. Sleep study was conducted over only 1 night because
evidence to support performance of recording more than a single night for home
sleep apnea testing is insufficient thus far [1].

Sleep study

The diagnosis of OSA was made using the wrist-worn portable device Watch-
PAT200. This device, approved by the Food and Drug Administration, allows
accurate and clinically effective home diagnosis of OSA, with a highly significant
correlation between the apnea-hypopnea index (AHI) obtained from polysomnog-
raphy [25-27].

The Watch-PAT200 is a six-channel noninvasive device. The channels of the
device are peripheral arterial tonometry (PAT), pulse oximetry, actigraphy, heart
rate, body position, and snoring detection [26]. The PAT signal measures the finger
arterial pulsatile volume changes that are regulated by «-adrenergic innervation of
the smooth muscles of the finger vasculature, and thus reflects sympathetic

nervous system activity. The rise in sympathetic activity accompanies the increase
in heart rate and oxygen desaturation at the termination of a respiratory event.
Thus, the Watch-PAT200 indirectly detects apnea and hypopnea events by identi-
fying surges of sympathetic activation associated with the termination of such
events [27,28].

After the sleep study, the recordings were automatically downloaded and ana-
lyzed offline by the zzzPAT software. The zzzPAT algorithm detects different
parameters, such as AHI, respiratory disturbance index (RDI), oxygen desaturation
index (ODI), and mean and minimum oxygen saturation. AHI refers to the number
of apneas and hypopneas per hour of sleep, and RDI includes both the AHI and the
respiratory effort-related arousal (RERA) index. RERA is an obstructive event that
does not meet the criteria for apnea or hypopnea but causes arousal from sleep.
ODI expresses the number of oxygen desaturation events per hour of sleep. A desa-
turation event is determined as a reduction >4% of the oxygen saturation baseline
level. In the present study, the diagnosis of OSA was made when AHI was >5
events hourly and its severity classified according to AHI into mild (>5 and <15
events/h), moderate (>5 and <30 events/h) and severe (>30 events/h) [29].

Anthropometric assessment

Two experienced renal dietitians performed the anthropometric measure-
ments. Height was measured using a stadiometer accurate to +0.5 cm and weight
was obtained with a digital scale, accurate to 0.1 kg (Filizola S.A., Sao Paulo, Bra-
zil), after participants wearing light clothes without shoes attempted to empty
their bladder. BMI was calculated using the standard equation (kg/m?). Nutritional
status, according to BMI (kg/m?), was classified as eutrophic (or normal range):
18.50 to 24.99; overweight: >25; and obese: >30 [30].

Waist circumference (WC) was measured in the standing position midway
between the lowest rib and the iliac crest, at midexhalation. Hip circumference
(HC) was measured at the widest point over the hip/buttocks area with the tape
parallel to the floor [31]. NC was measured in the midway of the neck between
mid-cervical spine and mid-anterior neck, if palpable, just below the laryngeal
prominence [32]. Waist-to-hip ratio (WHR) was obtained by dividing the WC (cm)
by HC (cm); waist-to-height ratio (WHtR) by dividing WC (cm) by height (cm);
and neck-to-height ratio by dividing NC (cm) by height (cm).

Participants with BMI >30 kg/m? were classified as obese [30]. Upper body
obesity was defined according to the following criteria:

NC >38.5 cm in men and >34.5 cm in women [32];
WC >90 cm in men and >80 cm in women [33];
WHR >0.90 in men and >0.85 in women [31]; and
WHIR >0.52 in men and >0.53 in women [34].

Dual energy x-ray absorptiometry

Dual energy x-ray absorptiometry (DXA) procedure was performed by a
trained technician using a GE Medical Systems Lunar (Madison, WI, USA) with the
patient in the supine position. The software calculated fat mass, lean tissue, and
bone mineral mass. Fat-free mass was calculated as the sum of lean tissue plus
bone mineral mass. Body composition was evaluated in total body and different
sites, such as trunk. Obesity according to the percent total body fat was defined as
total body fat >25% in men and >32% in women [35].

Muscle mass

Muscle mass was evaluated by the skeletal muscle mass index (SMI) obtained
with DXA. This index was determined by the division of the appendicular skeletal
muscle mass (ASM), estimated as the sum of muscle mass of the four limbs by
height (m?), as proposed by Baumgartner et al. [36] and recommended by the
European Working Group on Sarcopenia in Older People [19]. Low muscle mass
was defined as SMI <7.26 kg/m? in men and <5.5 kg/m? in women [19].

Muscle strength

Muscle strength was assessed by handgrip strength (HGS), which was mea-
sured using a handheld dynamometer (Baseline Smedley Spring Dynamome-
ter—Fabrication Enerprises Inc., White Plains, NY, USA), according to the protocol
recommended by the American Association of Hand Therapists [37]. Patients were
first familiarized with the device and then were examined seated, shoulders
adducted and neutrally rotated, elbow flexed at 90°, forearm in neutral and wrist
between 0 and 30° of dorsiflexion. Patients were instructed to grip the dynamome-
ter with the maximum strength in response to a voice command. Measurements
were repeated at 1-min intervals and were obtained three times for each hand in a
rotational way. The highest value of three measurements in each hand was consid-
ered for the study. Low muscle strength was diagnosed as an HGS <30 kg in men
and <20 kg in women [19].
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Physical performance

Physical performance was evaluated by usual gait speed (m/s). Participants
were asked to stand stationary with their feet behind a starting line marked with
tape, then, following the examiner’s command of “Go!”, to walk at their usual pace
over a 6-m course and to stop just past the finish line. Timing was started with the
first footfall and stopped when participant’s first foot completely crossed the 6-m
end line. The faster of two trials (in m/s) was used for the present analyses [38].
Low physical performance was defined as usual gait speed <1 m/s [19].

Sarcopenia diagnosis

The diagnosis of sarcopenia was based on the presence of low muscle mass
associated with low muscle strength and/or low physical performance [19]. Sarco-
penic obesity was defined as the simultaneous presence of sarcopenia and obesity
(BMI >30 kg/m?).

Laboratory parameters

Laboratory analyses were performed at the Central Laboratory and at the Labo-
ratory of Endocrine Physiology of Pedro Ernesto University Hospital. Blood sam-
ples were analyzed to measure creatinine, urea, uric acid, calcium, phosphorus,
sodium, potassium, total protein, and albumin. Uric acid concentration was
assessed by using enzymatic colorimetric method; serum calcium by complexom-
etry; total protein and albumin by colorimetric technique; sodium and potassium
by selective electrode method; phosphorus by phosphomolybdate method; urea
by kinetic method; and creatinine by kinetic method. Creatinine was calibrated to
IDMS: COBAS 6000 (Roche/Hitachi). The eGFR was obtained using CKD-Epidemiol-
ogy Collaboration (CKD-EPI) equation [39].

Statistical analysis

Sample size was determined based on the study conducted by Sakaguchi et al.
[9], which observed that 65% of non-dialyzed CKD patients had OSA. Considering
that the total number of CKD patients eligible for the study at the outpatient
nephrology clinic at Pedro Ernesto University Hospital was 100 and assuming a
95% confidence interval (Cl), the minimum sample size should be 70 patients.

Participants were stratified into two groups according to their AHI. Patients
with values >5 events/h were allocated in the OSA group and those presenting val-
ues <5 events/h were allocated in the control group [29].

Categorical variables were expressed as percentage and compared by the x>
test. Mean values and SEs were used to summarize continuous variables with nor-
mal distribution, whereas median and interquartile intervals were used to summa-
rize variables with non-normal distribution. The Shapiro—Wilk normality test was
used to evaluate normality. The differences between groups were analyzed using
either Student’s t test or Mann—Whitney test, as appropriate.

Spearman’s correlation was performed to determine the existence of a rela-
tionship between AHI and variables used to evaluate adiposity. Partial correlation
controlled for different confounders were also used. Multiple logistic regressions
was performed to assess the association of OSA with the presence of obesity, upper
body obesity, low muscle mass, low muscle function, and sarcopenia.

All statistical analyses were performed using STATA 12.0 software (StataCorp
LP, College Station, TX, USA). P <0.05 was considered statistically significant.

Results

We interviewed 312 volunteers, of whom 79 met the eligibility
criteria and agreed to participate. Seventy-three completed all the

Table 1
Demographic and clinical characteristics of study participants according to the diagnosis of obstructive sleep apnea in non-dialyzed chronic kidney disease patients

Total group (N=73) Control group (n=24) OSA group (n=49) P-value*
Age (y) 62.88 + 1.06 61.17 +£1.82 63.71+1.29 0.26
Sex n (%) men/women 42 (58)/31(42) 13 (54)/11 (46) 29(59)/20 (41) 0.68
Physical activity (n [%]) 27 (37) 7(29) 20 (41) 033
Smoking habit (n [%]) 4(5) 1(4) 3(6) 0.73
Alcohol intake (n [%])
Never 56 (77) 18 (75) 38(78) 0.83
<1 x [wk 10(14) 3(125) 7(14)
>1 x Jwk 7(9) 3(12.5) 4(8)
Usual dietary intake
Energy (kcal/d) 1383 (1136-1644) 1296 (1054—-1544) 1481 (1199-1696) 0.07
Protein (g/d) 63.99 + 1.99 59.15 4+ 2.67 66.60 + 2.63 0.07
Carbohydrates (g/d) 208.13 +£9.09 185.80 + 11.53 22021 +£12.18 0.07
Lipids (g/d) 37.3(30.7-46) 34.7(29.3-40.2) 38.6(31.8-48.3) 0.05
Chronic kidney disease stage (n [%])
3b 27 (37) 9(37.5) 18 (37) 0.95
4 46 (63) 15(62.5) 31(63)
Laboratory parameters
Glomerular filtration rate (mL/min/1.73 m?) 27.1(22.1-35.8) 24.7 (18.8—33.5) 28.3(23.8-35.9) 0.11
Creatinine (mg/dL) 2.2(1.7-2.6) 2.5(1.9-2.8) 2.1(1.7-2.6) 0.11
Urea (mg/dL) 69 (53-87) 76.5 (54.4-86.5) 69 (53-87) 0.75
Uric acid (mg/dL) 7.3 (6.6-8.6) 7(5.7-7.5) 7.4(6.6-8.9) 0.11
Total proteins (g/dL) 7.52 +0.08 7.43+0.14 7.56 £ 0.09 0.47
Albumin (g/dL) 438 £0.05 435+0.10 439 +0.06 0.74
Sodium (mEq/L) 140.24 £ 0.39 139.83 + 0.56 140.45 £+ 0.51 0.46
Potassium (mEq/L) 4.6(4.2-5.1) 4.8 (4.2-5.3) 4.6 (4.1-5) 0.10
Calcium (mg/dL) 9.6 (9.4-9.8) 9.6 (9.3-9.8) 9.6 (9.4-9.8) 0.85
Phosphorus (mg/dL) 3.59 £+ 0.09 3.60 +0.14 3.59+£0.11 0.96
Sleep study
Rapid eye movement sleep (%) 21.25+1.05 19.95 + 1.69 21.87+1.33 0.40
Respiratory disturbance index (events/h) 12.3(7.2-20.5) 5.5(3.6-8) 18.0(12.3-244) <0.0001
Apnea-hypopnea index (events/h) 8.8(3.2-19.3) 2.4(0.3-3.2) 14.2 (8.8-22.4) <0.0001
Oxygen desaturation index (events/h) 3.9(1.3-13.3) 0.65(0.2-1.5) 8.4(3.9-15.2) <0.0001
Minimum O, saturation (%) 88(84-91) 91(89-92.5) 85(78-88) <0.0001
Maximum O, saturation (%) 98.74 + 0.09 98.83 £ 0.19 98.69 +0.11 0.49
Mean O, saturation (%) 94.67 £ 0.31 95.54 + 0.39 94.24 + 0.26 0.006
0, saturation time <90% (min) 0.6 (0.0-5) 0(0-0.25) 3(0.3-10.7) <0.0001
Number of O, desaturations >4% 19.0(7.0-67) 3(1-7.5) 47 (16-80) <0.0001
Minimum heart rate (bpm) 46 (41-52) 46 (40-54) 46.5 (41-51) 0.85
Maximum heart rate (bpm) 92 (83-101) 93 (86.5-102.5) 90(81-101) 0.63
Mean heart rate (bpm) 60 (55—-66) 59.0 (53.5-68.5) 62 (56—66) 0.54

OSA, obstructive sleep apnea

Values as mean = error deviation for normal distribution or as median (interquartile interval) for not normal distribution or absolute values (%)

" Control group vs OSA group.
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evaluations and were included into the statistical analysis. The par-
ticipants mean age was 62.9 + 1.1 y and 58% (n=42) were men.
The median eGFR was 27.1 (22.1-35.8) mL/min/1.73 m? and the
majority of patients (63%, n=46) were in stage 4 of CKD. Overall,
67% were diagnosed as OSA, with mild OSA in 34%, moderate OSA
in 23%, and severe OSA in 10%.

The main characteristics of the participants, according to the
presence of OSA, are summarized in Table 1. No differences were
observed between groups regarding demographic, laboratory, and
lifestyle characteristics. However, as expected, the OSA group
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presented significantly higher values of RDI, AHI, ODI, oxygen satu-
ration time <90% and number of oxygen desaturations >4%; and
lower levels of minimum oxygen saturation than the control group.
No significant differences between groups in relation to other
parameters assessed during sleep study were observed (Table 1).
All parameters of total and upper body adiposity, assessed by
anthropometry and DXA, were significantly higher in the OSA
group than in the control group in the analyses including both
sexes. In the analyses stratified by sex, the results were similar
except for women regarding WHItR, total body fat, and trunk body

Table 2
Parameters of body adiposity according to the diagnosis of obstructive sleep apnea in non-dialyzed chronic kidney disease patients

Total group (n=73) Control group (n =24) OSA group (n=49) P-value*
Anthropometry
Body mass index (kg/m?) 27.3(23.5-304) 23(21.1-26.9) 29.3(25-31.3) 0.0001
Men 28.6 (24.1-31) 23(21.5-26.9) 29.3(27-31.8) 0.001
Women 26.1(23-304) 23.1(20.8-26.9) 28.5(24.4-30.6) 0.03
Neck circumference (cm) 37.6 (34-41) 35(33-37.8) 39(36-42) 0.0005
Men 40.8 (38—43) 36.8 (35—39.5) 42(40-44) 0.0003
Women 34(33-37) 33(31-35) 35.1(34-37) 0.03
Waist circumference (cm) 97.8 (84—-104.5) 83(77.8-95.8) 100 (95.5-106) 0.0001
Men 100 (93.5-106.8) 84.1 (81-98) 103 (98.7-109) 0.0002
Women 85.5(81-101.5) 81.4(76-85.5) 93.75(83.1-101.8) 0.04
Neck-to-height ratio 0.23 4+ 0.002 0.22 +0.003 0.24 4+ 0.002 0.0005
Men 0.24 £+ 0.003 0.23 4+ 0.006 0.24 +0.03 0.004
Women 0.22 £+ 0.003 0.21 £ 0.005 0.23 4+ 0.003 0.03
Waist-to-hip ratio 094 +0.01 0.87 +0.02 0.97 £ 0.01 0.0001
Men 0.98 +0.01 0.92 +0.03 1.00 £ 0.01 0.0008
Women 0.90 + 0.02 0.85 + 0.02 0.92 £ 0.02 0.02
Waist-to-height ratio 0.58 +0.01 0.53+0.01 0.60 & 0.01 0.0001
Men 0.58 & 001 0.53 +0.02 0.60 £+ 0.01 0.0004
Women 0.57 £0.01 0.54 +0.02 0.59 £+ 0.02 0.05
Classification of nutritional status according to BMI (n, %):
Eutrophic 28(38) 16 (67) 12 (24) <0.001
Men 13(31) 9(69) 4(14) <0.001
Women 15 (48) 7 (64) 8 (40) 0.19
Overweight 45 (61) 8(33) 37(76) <0.001
Men 29 (69) 4(31) 25(86) <0.001
Women 16 (52) 4(36) 12 (60) 0.21
Obesity 24(33) 2(8) 22 (45) 0.002
Men 14 (33) 1(8) 13 (45) 0.02
Women 10(32) 1(9) 9(45) 0.04
Upper body obesity (n,%) according to:
Neck circumference 43 (59) 8(35) 35(71) 0.002
Men 30(71) 5(38) 25(86) 0.002
Women 13 (42) 3(27) 10 (50) 0.22
Waist circumference 56 (77) 11 (46) 45(92) <0.001
Men 32(76) 5(38) 27(93) <0.001
Women 24(77) 6(55) 18 (90) 0.02
Waist-to-hip ratio 57 (78) 12 (50) 45(92) <0.001
Men 37(88) 8(62) 29(100) <0.001
Women 20 (65) 4(36) 16 (80) 0.02
Waist-to-height ratio 58 (79) 12 (50) 46 (94) <0.001
Men 37(88) 8(62) 29(100) <0.001
Women 21(68) 4(36) 17 (85) 0.006
Dual energy x-ray absorptiometry
Total body fat (kg) 24.814+0.98 19.64 + 1.40 2717 £1.13 0.0002
Men 2481+ 134 1810+ 1.74 27.45 £ 147 0.0009
Women 24.80 + 1.46 21.344+2.20 26.73 + 1.80 0.07
Trunk body fat (kg) 14.23 £ 0.69 1042 +1.01 15.97 £ 0.76 0.0001
Men 15.05+0.93 10.26 +1.35 16.93 £ 0.98 0.0006
Women 13.09 £ 0.99 10.60 £ 1.59 1448 £1.18 0.06
Visceral fat (kg) 1.26 (0.62-2.23) 0.58 (0.38—1.08) 1.67 (0.91-2.33) 0.0007
Men 1.81(1.08-2.50) 0.69 (0.38-1.80) 2.08 (1.66—2.64) 0.008
Women 0.82(0.41-1.13) 0.46 (0.26-0.81) 0.91(0.62-1.28) 0.04
Obesity (n [%]) according to:
Total body fat 57 (85) 15(71) 42 (91) 0.03
Men 34(87) 7 (64) 27 (96) 0.006
Women 23(82) 8(80) 15(83) 0.83

OSA, obstructive sleep apnea

Values as mean = error deviation for normal distribution or as median (interquartile interval) for not normal distribution or absolute values (%)

" Control group vs OSA group.



286 J.ER. Fernandes et al. / Nutrition 57 (2019) 282289

Table 3
Correlations between apnea-hypopnea index and parameters of adiposity in non-
dialyzed chronic kidney disease patients

Correlation Partial correlation®

r P-value r P-value
Anthropometry
Body mass index (kg/m?) 0.40 0.0007 0.46 0.0001
Neck circumference (cm) 039 0.001 0.49 <0.0001
Waist circumference (cm) 041 0.0005 045 0.0002
Neck-to-height ratio 0.38 0.001 0.39 0.001
Waist-to-hip ratio 0.36 0.002 0.36 0.003
Waist-to-height ratio 0.36 0.002 037 0.002
Dual energy x-ray absorptiometry
Total body fat (kg) 0.27 0.03 0.34 0.007
Trunk body fat (kg) 0.29 0.02 033 0.009
Visceral fat (kg) 0.42 0.0006 0.42 0.0008

" Adjusted for age, sex, and glomerular filtration rate.

fat, which presented a tendency to be higher in OSA group. It is
worth mentioning that this finding may be attributed to the lower
number of women than men (31 versus 42) in the study. The fre-
quency of total and upper body obesity was higher in the OSA
group (Table 2).

The AHI was directly and significantly correlated with all
parameters of adiposity even after adjusting for confounding fac-
tors (sex, age, and eGFR; Table 3). Participants presenting obesity
(according to BMI and percent total body fat) and upper body obe-
sity (according to NC, WC, WHR, and WHtR) showed higher odds
ratio (OR) for OSA, even after controlling for sex, age, and eGFR
(Table 4). Non-obese patients, according to BMI, who presented
upper body obesity according to NC, WC, WHR, and WHtR, showed
a significantly higher frequency of OSA (Table 5).

The occurrence of patients presenting both low muscle mass
and sarcopenia were significantly lower in OSA group. In a fully
adjusted model, including BMI as a covariate, this association was
no longer significant (Table 6). Sarcopenic obesity was not
observed in the present study.

Discussion

In the present study, a high OSA frequency (67%) was observed,
in agreement with the few studies conducted in non-dialyzed CKD
patients ranging from 54% to 96% [8,9,12], but was higher than in
the general population [40,41].

Although previous studies suggest that the presence or severity
of OSA is associated with the stage of CKD [11,42], in the present
study AHI was similar in CKD stages 3b and 4 and no significant
association between AHI and eGFR was found (data not shown).
The lack of association between eGFR and OSA may be explained
by the fact that only patients in a narrow range of eGFR (15—-45
mL/min/1.73 m?) who were clinically stable and under regular
treatment in an interdisciplinary outpatient clinic for >6 mo were
included in this study.

We found that total and upper body adiposity was associated
with the presence and severity of OSA. All parameters of total and
upper body adiposity evaluated, including those obtained with
DXA, were significantly higher in OSA group than in the control
group and were positively and significantly correlated with AHI.
Moreover, the presence of total and upper body obesity was associ-
ated with an increased frequency of OSA even after adjustment for
confounders. These findings are in agreement with studies con-
ducted in the general population [43-45] and suggest that high
body adiposity (total or upper body), whether evaluated by anthro-
pometric measures or by DXA, is a risk factor for OSA in non-dia-
lyzed CKD patients. Therefore, anthropometric measures provide
an inexpensive and easy-to-obtain way to estimate the risk for OSA
in non-dialyzed CKD. We also can hypothesize that weight loss
may decrease the risk for OSA in these patients, as already demon-
strated in the general population in different studies including ran-
domized clinical trials [46—48].

The frequency of OSA in the study participants classified as
obese according to BMI was extremely high (92%) taking into
account that we included only individuals with BMI <35 kg/m?,
that is, only grade 1 obesity. This frequency is higher than that
observed in obese individuals of the general population presenting

Table 4
Odds ratio (95% CI) for obstructive sleep apnea according to the presence of excessive total body adiposity and upper body obesity in in non-dialyzed chronic kidney disease
patients
Cases (n) OSA (%) Univariate analysis Multivariate analysis*
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Obesity (body mass index >30 kg/m?)
No (n=49) 27 (55) 1.00 - 1.00 -
Yes (n=24) 22(92) 8.96 (1.90—42.36) 0.006 12.40 (2.45-62.78) 0.002
Overweight (body mass index > 25 kg/m?)
No (n=28) 12 (43) 1.00 - 1.00 -
Yes (n=45) 37(76) 6.17 (2.11-17.97) 0.001 11.13(2.97-41.72) <0.001
Obesity (total body fat >25% in men and >32% in women)
No (n=11) 5 (45) 1.00 - 1.00 -
Yes (n=62) 46 (74) 4.20(1.04—-16.96) 0.04 4.75(1.11-20.34) 0.04
Upper body obesity (neck circumference >38.5 cm in men and >34.5 cm in women)
No (n=30) 14 (47) 1.00 - 1.00 -
Yes (n=43) 35(81) 2.68 (1.75—-14.30) 0.003 8.58 (2.37-31.10) 0.001
Upper body obesity (waist circumference >90 cm in men and >80 cm in women)
No (n=17) 4(24) 1.00 - 1.00 -
Yes (n=56) 45 (80) 13.30(3.62—48.79) <0.001 15.76 (2.87—-64.21) <0.001
Upper body obesity (waist-to-hip ratio >0.90 in men and >0.85 in women)
No (n=16) 4(25) 1.00 - 1.00 -
Yes (n=57) 45 (79) 11.25(3.07—-41.21) <0.001 12.74 (2.91-55.75) <0.001
Upper body obesity (waist-to-height ratio >0.52 in men and >0.53 in women)
No(n=15) 3(20) 1.00 - 1.00 -
Yes (n=58) 46 (79) 15.33 (3.72-63.16) <0.001 9.53 (4.10-93.05) 0.001

OSA = obstructive sleep apnea
" Adjusted for age, sex and glomerular filtration rate.
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Table 5

Frequency of obstructive sleep apnea according to the presence of upper body obesity and of total body obesity in non-dialyzed chronic kidney disease patients

Non-obese individuals (BMI <30 kg/m?) (n = 49)

Obese individuals (BMI >30 kg/m?) (n = 24)

Upper body obesity according to neck circumference

Upper body obesity according to neck circumference

No (n=28) Yes (n=21) P-value* No (n=2) Yes (n=22) P-value
OSA (n [%]) 12 (43) 15(71) 0.04 2(100) 20(91) 0.66

Upper body obesity according to waist circumference Upper body obesity according to waist circumference

No(n=17) Yes (n=32) P-value No (n=0) Yes (n=24) P-value
OSA (n [%]) 4(24) 23(72) 0.001 - 22(91) -

Upper body obesity according to waist-to-hip ratio Upper body obesity according to waist-to-hip ratio

No (n=15) Yes (n=34) P-value No(n=1) Yes (n=23) P-value
OSA (n, [%]) 3(20) 24(71) 0.001 1(100) 21(91) 0.76

Upper body obesity according to waist-to-height ratio Upper body obesity according to waist-to-height ratio

No (n=15) Yes (n=34) P-value No (n=0) Yes (n=24) P-value
OSA (n %) 3(20) 24(71) 0.001 - 22(92) -

BMI, body mass index; OSA, obstructive sleep apnea;
" Upper body obesity (—) group vs upper body obesity (+) group.

BMI >30 and <40 kg/m? (62%) [49], >32 kg/m? (82%) [50], and >40
kg/m? (85.7%) [51]. We also observed a high frequency of OSA in
overweight individuals (BMI >25 kg/m?) affecting 76%, which sug-
gests that these patients also present an increased risk for OSA.

In the present study, the correlation analyses between AHI and
parameters of adiposity revealed that the highest adjusted correla-
tion coefficient was obtained for upper body obesity according to
NC. Similarly, in the logistic regression analyses, upper body obe-
sity according to WC presented the higher adjusted OR for the
presence of OSA.

To our knowledge, only three studies have evaluated the rela-
tionship between adiposity and OSA in non-dialyzed CKD patients.
In two of these studies, BMI and NC were the body adiposity
parameters used [7,8], and one study used solely BMI [12]. All of
the studies reported a significant association between high BMI,
NC, or both with OSA. In agreement with the present study, Huang
et al. [8] observed a higher correlation coefficient of AHI with NC
(r=0.67, P=0.001) than with BMI (r=0.48, P=0.01) in non-

Table 6
0dds ratio (95% CI) for low muscle mass, low muscle function and sarcopenia
according to the presence of OSA in non-dialyzed chronic kidney disease patients

Control group

(n=24) OSA group (n=49)

Odds ratio Odds ratio (95% CI) P-value
Low muscle mass
Cases, n (%) 6(27) 3(7)
Model 1 1.00 0.19(0.41-0.83) 0.03
Model 2 1.00 0.11(0.02-0.58) 0.01
Model 3 1.00 0.52 (0.05-5.07) 0.58
Low muscle strength
Cases, n (%) 13(62) 23 (50)
Model 1 1.00 0.62 (0.21-1.76) 0.37
Model 2 1.00 0.49(0.15-1.57) 0.23
Model 3 1.00 0.60 (0.16—2.26) 0.45
Low physical performance
Cases, n (%) 9(43) 27 (63)
Model 1* 1.00 2.25(0.78-6.51) 0.14
Model 2! 1.00 2.40(0.77-7.53) 0.13
Model 3 1.00 2.13(0.57-7.91) 0.26
Sarcopenia
Cases, n (%) 6(27) 3(7)
Model 1* 1.00 0.19(0.04-0.83) 0.03
Model 2 1.00 0.11(0.02-0.58) 0.01
Model 3 1.00 0.52 (0.05-5.07) 0.58

OSA, obstructive sleep apnea.
" Univariate analysis
 Adjusted for age, sex and glomerular filtration rate
+ Model 3: adjusted for age, sex, glomerular filtration rate and body mass index

dialyzed CKD patients. Whereas Nicholl et al. [7] found a higher
multivariate OR (95% CI) for OSA with NC (OR, 1.18; 95% (I,
1.05-1.32; P=0.04) than with BMI (OR, 1.09; 95% CI, 1.02-1.16;
P=0.08).

Another interesting finding of the present study was that in
those individuals not classified as obese according to BMI, the pres-
ence of upper body obesity, according to NC, WC, WHR, and WHtR
increased significantly the frequency of OSA, suggesting that even
in non-obese individuals, the evaluation of anthropometric param-
eters of upper body adiposity may help to identify those with
increased risk for OSA.

To our knowledge, this is the first study that evaluated the asso-
ciation between OSA and WC, WHR, and WHtR in non-dialyzed
CKD individuals. We observed that these upper body obesity
parameters, which are more frequently evaluated in clinical prac-
tice than NG, also presented a good association with the presence
and severity of OSA and may be used in the identification of
patients at high risk for OSA. The mechanisms responsible for the
development of OSA in obese individuals include narrowing of the
cross-sectional area of the upper airway as fat is deposited in sur-
rounding structures, decreased lung volume, and disturbances of
respiratory control [18,52].

Among all participants, the frequency of sarcopenia was 13%,
similar to that observed in previous studies in nondialytic CKD
patients [53,54]. OSA was associated with lower frequency of low
muscle mass and sarcopenia in unadjusted and adjusted analyses
by age, sex, and eGFR. However, this association was blunted when
BMI was included in regression model. This finding could be
explained by the higher frequency of excess body adiposity in OSA
group. Evidence indicates that individuals with excess body adi-
posity have higher lean mass [55,56], which can reduce the risk for
muscle mass depletion and, consequently, the risk for sarcopenia.
Data from the present study are in line with this hypothesis, as no
obese patient (BMI >30 kg/m?) presented sarcopenia; there was a
positive and significant correlation of SMI with BMI (r=0.74,
P < 0.001) and NC (r=0.75, P < 0.001); in non-obese patients
according to BMI, the frequency of sarcopenia was similar in OSA
and control group (P=0.13); and participants presenting sarcope-
nia compared with those without sarcopenia presented signifi-
cantly lower values of BMI and NC (data not shown).

The strength of this study pertains to the evaluation of total and
upper body adiposity by anthropometric measures as well as the
gold standard DXA. This approach shows for the first time, the rela-
tionship between OSA and adiposity in a non-dialyzed CKD popula-
tion. It is also, to our knowledge, the first study to evaluate the
relationship of OSA with muscle mass, muscle strength, physical
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performance, and sarcopenia in CKD patients. In addition, sarcope-
nia was defined based on muscle mass assessment as well as by
evaluating its function. The main limitation of the present study
was its cross-sectional nature, implying that causality was not
likely to be determined.

One important contribution of this study is the finding that sim-
ple anthropometric measures are able to identify non-dialyzed CKD
patients at higher risk for OSA. It can thus be used instead of
screening questionnaires, which, notwithstanding their applicabil-
ity in the general population, do not accurately identify patients at
high risk for OSA or rule out its presence in CKD patients [57,58].
Another important contribution, is that the use of BMI as the sole
indicator of adiposity in non-dialyzed CKD patients may not be
adequate for OSA screening as patients classified as non-obese
according BMI had a higher risk for OSA in the presence of upper
body obesity.

Conclusion

This study suggests that in non-dialyzed CKD patients, OSA is
very common and its frequency is higher not only in obese but also
in overweight individuals. Simple anthropometric measures of
upper body adiposity may help to identify non-obese patients with
increased risk for OSA. Muscle mass, muscle function, and sarcope-
nia do not appear to be associated with OSA in non-dialyzed CKD
patients.

Acknowledgments

The authors acknowledge Maria de Lourdes Guimaraes
Rodrigues, Débora Cristina Torres Valeng¢a, Bernardo Barreto da
Silva Gaspar, Vittor Stern Pereira de Melo, and Stephanie Giannini.
The present study was supported by the Fundaao Carlos Chagas
Filh de Amparo a Pesquisa do Estado do Rio de Janeiro.

References

[1] Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al.
Clinical practice guideline for diagnostic testing for adult obstructive sleep
apnea: an American Academy of Sleep Medicine clinical practice guideline. ]
Clin Sleep Med 2017;13:479-504.

[2] Franklin KA, Lindberg E. Obstructive sleep apnea is a common disorder in the
population—a review on the epidemiology of sleep apnea. | Thorac Dis
2015;7:1311-22.

[3] Teran-Santos J, iménez-Gémez A, Cordero-Guevara J. The association between
sleep apnea and the risk of traffic accidents. Cooperative Group Burgos-
Santander. N Engl ] Med 1999;340:847-51.

[4] Jackson ML, Howard ME, Barnes M. Cognition and daytime functioning in
sleep-related breathing disorders. Prog Brain Res 2011;190:53-68.

[5] Gami AS, Olson EJ, Shen WK, Wright RS, Ballman KV, Hodge DO, et al. Obstruc-
tive sleep apnea and the risk of sudden cardiac death: a longitudinal study of
10,701 adults. ] Am Coll Cardiol 2013;62:610-6.

[6] Kendzerska T, Gershon AS, Hawker G, Leung RS, Tomlinson G. Obstructive
sleep apnea and risk of cardiovascular events and all-cause mortality: a
decade-long historical cohort study. PLoS Med 2014;11:e1001599.

[7] Nicholl DDM, Ahmed SB, Loewen AHS, Hemmelgarn BR, Sola DY, Beecroft JM,
et al. Declining kidney function increases the prevalence of sleep apnea and
nocturnal hypoxia. Chest 2012;141:1422-30.

[8] Huang HC, Walters G, Talaulikar G, Figurski D, Carroll A, Hurwitz M, et al. Sleep

apnea prevalence in chronic kidney disease association with total body water

and symptoms. BMC Nephrol 2017;18:125.

Sakaguchi Y, Shoji T, Kawabata H, Niihata K, Suzuki A, Kaneko T, et al. High

prevalence of obstructive sleep apnea and its association with renal function

among non dialysis chronic kidney disease patients in Japan: a cross-sectional
study. Clin ] Am Soc Nephrol 2011;6:995-1000.

[10] Sakaguchi Y, Hatta T, Hayashi T, Shoji T, Suzuki A, Tomida K, et al. Association
of nocturnal hypoxemia with progression of CKD. Clin J] Am Soc Nephrol
2013;8:1502-7.

[11] Shanmugam GV, Abraham G, Mathew M, Ilangovan V, Mohapatra M, Singh T.
Obstructive sleep apnea in non-dialysis chronic kidney disease patients. Ren
Fail 2015;37:214-8.

[9

[12] Markou N, Kanakaki M, Myrianthefs P, Hadjiyanakos D, Vlassopoulos D, Dam-
ianos A, et al. Sleep-disordered breathing in nondialyzed patients with chronic
renal failure. Lung 2006;184:43-9.

[13] Abuyassin B, Sharma K, Ayas NT, Laher I. Obstructive sleep apnea and kidney
disease: a potential bidirectional relationship? J Clin Sleep Med 2015;11:
915-24.

[14] Yayan ], Rasche K, Vlachou A. Obstructive sleep apnea and chronic kidney
disease. Adv Exp Med Biol 2017;1022:11-8.

[15] Wright J, Hutchison A. Cardiovascular disease in patients with chronic kidney
disease. Vasc Health Risk Manag 2009;5:713-22.

[16] Alani H, Tamimi A, Tamimi N. Cardiovascular co-morbidity in chronic kidney
disease: current knowledge and future research needs. World ] Nephrol
2014;3:156-68.

[17] Cohen ]B, Cohen DL. Cardiovascular and renal effects of weight reduction in
obesity and the metabolic syndrome. Curr Hypertens Rep 2015;17:34.

[18] Jordan AS, McSharry DG, Malhotra AA. Adult obstructive sleep apnea. Lancet
2014;383:736-47.

[19] Cruz-Jentoft AJ, Baeyens JP, Bauer |M, Boirie Y, Cederholm T, Landi F. et al.;
with the European Working Group on Sarcopenia in Older People. Sarcopenia:
European consensus on definition and diagnosis: report of the European
Working Group on sarcopenia in older people. Age Ageing 2010;39:412-23.

[20] Carrero JJ, Johansen KL, Lindholm B, Stenvinkel P, Cuppari L, Avesani CM.
Screening for muscle wasting and dysfunction in patients with chronic kidney
disease. Kidney Int 2016;90:53-66.

[21] Stenvinkel P, Carrero JJ, von Walden F, Ikizler TA, Nader GA. Muscle wasting in
end-stage renal disease promulgates premature death: established, emerging
and potential novel treatment strategies. Nephrol Dial Transplant 2016;31:
1070-7.

[22] Moorthi RN, Avin KG. Clinical relevance of sarcopenia in chronic kidney dis-
ease. Curr Opin Nephrol Hypertens 2017;26:219-28.

[23] Ito N, Yamamoto K, Yasunobe Y, Takeda M, Oguro R, Maekawa Y, et al. The
association between obstructive sleep apnea severity and sarcopenia in the
elderly. Eur Geriatr Med 2014;5(suppl 1):189.

[24] Hu X, Jiang J, Wang H, Zhang L, Dong B, Yang M. Association between sleep
duration and sarcopenia among community dwelling older adults: a cross-sec-
tional study. Medicine (Baltimore) 2017;96:e6268.

[25] Yalamanchali S, Farajian V, Hamilton C, Pott TR, Samuelson CG, Friedman M.
Diagnosis of obstructive sleep apnea by peripheral arterial tonometry: meta-
analysis. JAMA Otolaryngol Head Neck Surg 2013;139:1343-50.

[26] Li W, Wang R, Huang D, Liu X, Jin W, Yang S. Assessment of a portable monitor-
ing device WatchPAT200 in the diagnosis of obstructive sleep apnea. Eur Arch
Otorhinolaryngol 2013;270:3099-105.

[27] Gan Y], Lim L, Chong YK. Validation study of WatchPat 200 for diagnosis of OSA
in an Asian cohort. Eur Arch Otorhinolaryngol 2017;74:1741-5.

[28] Yuceege M, Firat H, Demir A, Ardic S. Reliability of the Watch-PAT200®
in detecting sleep apnea in highway bus drivers. ] Clin Sleep Med 2013;9:339-44.

[29] Parati G, Lombardi C, Hedner ], Bonsignore MR, Grote L, Tkacova R, et al. Rec-
ommendations for the management of patients with obstructive sleep apnea
and hypertension. Eur Respir ] 2013;41:523-38.

[30] World Health Organization. Obesity: preventing and managing the global
epidemic. Report of a WHO Consultation. WHO Technical Report Series (894).
Geneva; 2000. Available at: http://www.who.int/nutrition/publications/obe-
sity/WHO_TRS_894/en/. [Accessed 10 April 2016].

[31] World Health Organization. STEP wise approach to surveillance (STEPS).
Geneva; 2008. Available at: http://www.who.int/chp/steps/manual/en/index.
[Accessed 20 March 2016].

[32] Onat A, Hergeng G, Yiiksel H, Can G, Ayhan E, Kaya Z, et al. Neck circumference
as a measure of central obesity: associations with metabolic syndrome and
obstructive sleep apnea syndrome beyond waist circumference. Clin Nutr
2009;28:46-51.

[33] Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman ]I, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the Inter-
national Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009;120:1640-5.

[34] Pitanga FJG, Llessa I. Waist-to-height ratio as a coronary risk predictor among
adults. Rev Assoc Med Bras 2006;52:157-61.

[35] Lohman TJ Advances in body composition assessment. Current issues in exer-
cise science series. Champaign, IL: Human Kinects Books; 1992.

[36] Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR,
et al. Epidemiology of sarcopenia among the elderly in New Mexico. Am ] Epi-
demiol 1998;147:755-63.

[37] Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A
review of the measurement of grip strength in clinical and epidemiological
studies towards a standardized approach. Age Ageing 2011;40:423-9.

[38] Cesari M, Kritchevsky SB, Newman AB, Simonsick EM, Harris TB, Penninx BW,
et al. Added value of physical performance measures in predicting adverse
health-related events: results from the health, aging, and body composition
study. ] Am Geriatr Soc 2009;57:251-9.

[39] Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. Clini-
cal practice guideline for the evaluation and management of chronic kidney
disease. Kidney Inter Suppl 2012;(Suppl 3):1-150.


http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0029
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/chp/steps/manual/en/index
http://www.who.int/chp/steps/manual/en/index
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0038

J.ER. Fernandes et al. / Nutrition 57 (2019) 282—-289 289

[40] Tufik S, Santos-Silva R, Taddei JA, Bittencourt LR. Obstructive sleep apnea syn-
drome in the Sao Paulo epidemiologic sleep study. Sleep Med 2010;11:441-6.

[41] Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson MC, et al.
Prevalence of obstructive sleep apnea in the general population: a systematic
review. Sleep Med Rev 2017;34:70-81.

[42] Kanbay A, Buyukoglan H, Ozdogan N, Kaya E, Oymak FS, Gulmez I, et al.
Obstructive sleep apnea syndrome is related to the progression of chronic kid-
ney disease. Int Urol Nephrol 2012;44:535-9.

[43] Lubrano C, Saponara M, Barbaro G, Specchia P, Addessi E, Constantini D, et al.
Relationships between body fat distribution, epicardial fat and obstructive
sleep apnea in obese patients with and without metabolic syndrome. PLoS
One 2012;7:e47059.

[44] Kang HH, Kang ]Y, Ha JH, Lee ], Kim SK, Moon HS, et al. The associations
between anthropometric indices and obstructive sleep apnea in a Korean pop-
ulation. PLoS One 2014;9:e114463.

[45] Kim JH, Koo YC, Cho HJ, Kang JW. Relationship between various anthropomet-
ric measures and apnea-hypopnea index in Korean men [Epub ahead of print].
Auris Nasus Larynx 2017.

[46] Fernandes JF, Aradjo Lda S, Kaiser SE, Sanjuliana AF, Klein MR. The effects of
moderate energy restriction on apnoea severity and CVD risk factors in obese
patients with obstructive sleep apnoea. Br | Nutr 2015;114:2022-31.

[47] Peppard PE, Young T, Palta M, Dempsey ], Skatrud J. Longitudinal study of
moderate weight change and sleep-disordered breathing. JAMA 2000;284:
3015-21.

[48] Kulkas A, Leppanen T, Sahlman ], Tiihonen P, Mervaala E, Kokkarinen ], et al.
Amount of weight loss or gain influences the severity of respiratory events in
sleep apnea. Med Biol Eng Comput 2015;53:975-88.

[49] Aradjo Lda S, Fernandes JF, Klein MR, Sanjuliani AF. Obstructive sleep apnea is
independently associated with inflammation and insulin resistance, but not

with blood pressure, plasma catecholamines, and endothelial function in
obese subjects. Nutrition 2015;31:1351-7.

[50] Yeh PS, Lee YC, Lee W], Chen SB, Ho SJ, Peng WB, et al. Clinical predictors of
obstructive sleep apnea in Asian bariatric patients. Obes Surg 2010;20:30-5.

[51] Kositanurit W, Muntham D, Udomsawaengsup S, Chirakalwasan N. Prevalence
and associated factors of obstructive sleep apnea in morbidly obese patients
undergoing bariatric surgery [Epub ahead of print]. Sleep Breath 2017.

[52] Ryan S, Crinion SJ, McNicholas WT. Obesity and sleep-disordered breathing-
when two “bad guys” meet. QJM 2014;107:949-54.

[53] Moon SJ, Kim TH, Yoon SY, Chung JH, Hwang HJ. Relationship between stage of
chronic kidney disease and sarcopenia in Korean aged 40 years and older using
the Korea National Health and Nutrition Examination Surveys (KNHANES
IV-2, 3, and V-1, 2), 2008—-2011. PLoS One 2015;10:e0130740.

[54] Souza VA, Oliveira D, Barbosa SR, JOdA Correa, Colugnati FAB, Mansur HN, et al.
Sarcopenia in patients with chronic kidney disease not yet on dialysis: analysis
of the prevalence and associated factors. PLoS One 2017;12:e0176230.

[55] Cooper R, Hardy R, Bann D, Sayer AA, Ward KA, Adams JE. et al.; with the MRC
National Survey of Health and Development Scientific and Data Collection
Team. Body mass index from age 15 years onwards and muscle mass, strength,
and quality in early old age: findings from the MRC National Survey of Health
and Development. ] Gerontol A Biol Sci Med Sci 2014;69:1253-9.

[56] Yang X, Bi P, Kuang S. Fighting obesity: when muscle meets fat. Adipocyte
2014;3:280-9.

[57] Adams RJ, Appleton SL, Vakulin A, et al. Chronic kidney disease and sleep
apnea association of kidney disease with obstructive sleep apnea in a popula-
tion study of men. Sleep 2017;40:1.

[58] Nicholl DD, Ahmed SB, Loewen AH, Hemmelgarn BR, Sola DY, Beecroft JM,
et al. Diagnostic value of screening instruments for identifying obstructive
sleep apnea in kidney failure. ] Clin Sleep Med 2013;9:31-8.


http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0051
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0051
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0051
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0053
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0053
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0054
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0054
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0054
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0055
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0055
http://refhub.elsevier.com/S0899-9007(18)30369-1/sbref0055

	Obstructive sleep apnea in non-dialyzed chronic kidney disease patients: Association with body adiposity and sarcopenia
	Introduction
	Methods
	Sleep study
	Anthropometric assessment
	Dual energy x-ray absorptiometry
	Muscle mass
	Muscle strength
	Physical performance
	Sarcopenia diagnosis
	Laboratory parameters
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


