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Abstract N
Background: Obstructive sleep apnea (OSA) is common among patients with chronic kidney disease (CKD). CKD may increase |
the risk of OSA, and OSA may increase the risk of renal injury. Nasal continuous positive airway pressure (NCPAP) is the standard
treatment for OSA. However, the effect of NCPAP on the progression of CKD is unclear.

Methods: A total of 395 patients with stage 3/4 CKD were initially examined, and 269 patients (148 non-OSA cases; 79 mild OSA
cases; 42 moderate/severe OSA cases) were analyzed after implementation of the exclusion criteria. The severity of OSA was
determined by polysomnography (PSG). Fifty-two OSA patients (32 mild OSA cases; 20 moderate/severe OSA cases) received
NCPAP treatment for 12 months. Variables associated with OSA severity and estimated glomerular filtration rate (€GFR) were
evaluated before and after the 12-month nCPAP treatment.

Results: Among all 269 CKD patients, body mass index (BMI), and eGFR had significant associations with OSA severity. Age, BMI,
apnea-hypopnea index (AHI), mean Sa0,%, and Sa0, <90% monitoring time had independent associations with lower eGFR. The
12-month nCPAP treatment significantly reduced the rate of eGFR decline. Univariate and multivariate analysis indicated that age,
BMI, AHI, mean Sa0,%, and Sa0, <90% monitoring time were independently associated with reduced eGFR. Furthermore, nCPAP
treatment significantly improved eGFR, AHI, mean SaO,, and SaO, <90% monitoring time in patients with mild OSA, and improved
systolic/diastolic blood pressure, urinary protein level, eGFR, AHI, mean Sa0O,, and SaO, <90% monitoring time for patients with
moderate/severe OSA.

Conclusion: This study of patients with CKD and OSA indicated that nCPAP therapy significantly ameliorated CKD progression,
especially in those with moderate/severe OSA.

Abbreviations: AHI = apnea—hypopnea index, AKI = acute kidney injury, ANOVA = analysis of variance, BMI = body mass index,
BP = blood pressure, CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate, ESRD = end-stage renal disease,
GFR = glomerular filtration rate, NCPAP = nasal continuous positive airway pressure, OSA = obstructive sleep apnea, PSG =
polysomnography, SaO, = arterial oxygen saturation, SD = standard deviation.

Keywords: apnea/hypopnea index, chronic kidney disease, continuous positive airway pressure, estimated glomerular filtration
rate, obstructive sleep apnea

1. Introduction t0 65%) than in the general population (20%).1"8 Many clinical

Obstructive sleep apnea (OSA) is a common condition in patients
with chronic kidney disease (CKD),l'">! and previous research
indicated its prevalence is much higher among CKD patients (up
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studies have demonstrated a relationship between OSA and renal
dysfunction. In particular, patients with OSA often have
increased levels of urinary albumin excretion, glomerular
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hyperfiltration, and proteinuria.”~'!! There is also a high rate of
OSA in patients with end-stage renal disease (ESRD).'>"'3! In
addition, OSA may contribute to the progression of CKD,
because hypoxia can lead to renal tubule interstitial injury during
the progression to ESRD.!'®! Other reports demonstrated a
correlation between the increase of nocturnal hypoxia and the
decrease of kidney function over time, and reported that OSA is a
significant predictor of accelerated loss of kidney function.!'”!

Nasal continuous positive airway pressure (nCPAP) is the
primary treatment used to improve nocturnal desaturation in
patients with OSA, and this therapy provides relief from
symptoms such as headaches, snoring, daytime sleepiness, and
elevated blood pressure (BP).['®!”! There is also evidence that
untreated OSA increases the risk of CDK, but that nCPAP
therapy can significantly decrease the mortality of patients with
OSA.12°21 However, the effect of nCPAP on the progression of
CKD in patients with OSA is unclear. In this study, we
investigated the effects of a 12-month nCPAP therapy on the
progression of CKD in patients with OSA.

2. Materials and methods

2.1. CKD patients

This non-randomized cohort study was approved by the local
ethics committees. The 395 participants were all patients with
stages 3/4 CKD (estimated glomerular filtration rate [eGFR]
between 15 and 60mL/min per 1.73m?) and were initially
enrolled from January 2011 to June 20135 in the Department of
Otolaryngology at the Second Hospital of Shangdong University
and the Department of Nephrology in Tongji Hospital of Tongji
Medical College. A total of 269 patients were ultimately
analyzed, after exclusion of patients: who were hospitalized
for acute complications, such as acute kidney injury (AKI), acute
heart failure, stroke, or infection (n=38); who declined to
participate due to economic reasons (n=42); who had diagnoses
of chronic obstructive pulmonary disease (n=9); or who were
lost to follow-up, had missing data, discontinued intervention, or
had a malignancy, a psychiatric disorder, or hyperparathyroid-
ism (n=37). Informed consent was obtained from each patient
prior enrollment, and an education session was given to all
participants (Fig. 1).

2.2. OSA examination

After elimination of participants due to the first 3 exclusion
criteria, full-night polysomnography (PSG, Respironics, Murrys-
ville, PA) was performed in 306 CKD patients to evaluate the
apnea-hypopnea index (AHI), according to the recommenda-
tions of the American Academy of Sleep Medicine. Apnea was
defined as cessation of breathing for a minimum of 10seconds.
Hypopnea was defined as a reduction of airflow from baseline of
>50%, with a 4% or greater reduction in arterial oxygen
saturation (Sa05) for a minimum of 10 seconds. AHI was defined
as the number of apnea and hypopnea episodes per hour of sleep.
After examination of the PSG results and application of the
fourth exclusion criterion, 269 patients were analyzed and
divided into 3 groups: no OSA (AHI< 5/h), mild OSA (5/h<
AHI< 15/h), and moderate/severe SA (AHI>15/h).

2.3. CPAP intervention

Based on patient choice, 72 patients preferred to receive a 12-
month nCPAP treatment with an auto-titrating device (pressure:
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4-12cm H, 0, AirSense 10 AutoSet, ResMed, Ltd., Bella Vista,
Australia). Patients were encouraged to use a nasal mask
(MirageFX, ResMed, Ltd.) and a heated humidification system
(HumidAir, ResMed, Ltd.). The auto-pressure modus was used
during the entire study period. After initiation of nCPAP therapy
by a trained study nurse, further support was provided by a web-
based telemedicine system (AirView, ResMed, Ltd.). The
telemedicine data were screened by a specially trained study
nurse, who examined adherence, mask leakage, and residual
apneas each week, and established telephone contact if necessary.
The first follow-up study visit was scheduled for 3 months after
initiation of nCPAP treatment. Continued intervention was
defined as use of nCPAP for 4 hours per night during 70% of the
recorded nights.!"! Ultimately, 52 patients (mild OSA: n=32;
moderate/severe OSA: n=20) completed the 12-month nCPAP
treatment, and 20 OSA patients were excluded because of loss to
follow-up, discontinued intervention, missing data, or malignancy.

2.4. Anthropometric and laboratory data

The anthropometric and laboratory data of the subjects,
including age, sex, body mass index (BMI), CKD etiology,
medications (angiotensin-converting enzyme inhibitors, angio-
tensin II receptor blockers, aldosterone receptor antagonists, and
statins), serum creatinine, and serum albumin, were obtained
from their medical records. The association of eGFR with these
clinical characteristics was evaluated in all 52 patients who
completed treatment.

2.5. Statistical analysis

All continuous values are expressed as means=+standard
deviations (SDs), and differences were assessed using the
independent-samples ¢ test or a one-way analysis of variance
(ANOVA). Categorical variables are expressed as numbers and
percentages, and differences were assessed using the chi-square
test. Univariate and multivariate linear regression analyses were
used to identify factors independently associated with eGFR. All
eGFR values are in units of “mL/min/1.73m?.” According to the
univariate analysis, age, BMI, hypertension, diabetes mellitus,
AHI, mean Sa0,, Sa0;, <90% monitoring time were explanatory
variables. Variables with P values <.05 in the univariate model
were entered into the multivariate model. A P value <.05 was
considered statistically significant. All data were analyzed using
the SPSS version 11.0 (Chicago, IL).

3. Results

3.1. Baseline characteristics of patients with stratification
by OSA severity

Table 1 summarizes the baseline characteristics of the 269
patients. There were 148 patients (55.02%) without OSA, 70
patients (29.37%) with mild OSA, and 42 patients (15.61%)
with moderate/severe OSA. The BMI increased with OSA severity
(no OSA: 22.1+6.7, mild OSA: 24.3+7.2, moderate/severe
OSA:25.3+7.2; P=.001) and the eGFR declined with increasing
OSA severity (no OSA: 35.7+20.1, mild OSA: 31.2+15.1,
moderate/severe OSA: 26.5+13.6, P=.02). Moreover, all 3 PSG
parameters (AHIL, mean SaO,, and SaO, <90% monitoring time)
deteriorated significantly with the increasing of severity of the
OSA (P <.001 for all). However, patients with and without OSA
had no significant differences in age, sex, systolic BP, diastolic BP,
serum creatinine, and urinary protein.
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Figure 1. CONSORT 2010 flow diagram. In this study, 395 patients with stages 3 to 4 CKD were enrolled from January 2011 to June 2015. Finally, 121 patients
with OSA and 148 patients without OSA were analyzed. CKD =chronic kidney disease, OSA=obstructive sleep apnea.

3.2. Univariate and multivariate analysis of factors
associated with eGFR

We used a linear regression model, with univariate and
multivariate analyses, to identify risk factors associated with
eGFR in 269 patients (Table 2). The univariate analysis indicated
that advanced age, high BMI, high AHI, low mean Sa0O,%, and
long SaO, <90% monitoring time were significantly associated
with lower eGFR. The multivariate analysis indicated that
advanced age, high AHL low mean Sa0,%, and long SaO,
<90% monitoring time were also independently associated with
lower eGFR.

3.3. Change of eGFR after 12 months

Fifty-two of the 121 CKD patients with OSA (mild OSA:
32 cases; moderate/severe OSA: 20 cases) underwent 12-month
nCPAP treatment based on individual patient choice (Table 3).

Relative to the nCPAP group, the non-CPAP group had a greater
decline of eGFR for those with mild OSA (3.54 +3.28/y vs 3.14 +
2.91/y, P=.01) and for those with moderate/severe OSA (5.97 +
4.33/y vs 2.84+1.68/y, P=.03). In addition, among moderate/
severe OSA patients at 12 months, the nCPAP group had a
significantly higher eGFR than the non-CPAP group (22.5+6.5
vs 18.5+7.2, P<.001), and a lower level of urinary protein (0.26
+0.16 vs 0.34+0.17, P=.02). Also at 12 months, the PSG results
of the nCPAP group were significantly better than those of the
non-CPAP group.

3.4. Univariate and muiltivariate analysis of factors
associated with eGFR decline

We performed univariate and multivariate analyses of 269 CKD
patients with OSA to identify factors independently associated
with eGFR decline over 12 months (Table 4). The univariate
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Baseline characteristics of 269 patients with CKD stratified by the severity of OSA.
Severity of 0SA

Characteristic None (n=148) Mild (n=79) Moderate to severe (n=42) P value
Age, y 67.7+18.7 69.1+204 68.2.1+£16.9 .09
Man, n (%) 102 (68.9%) 51 (64.6%) 28 (66.76%) 13
Body mass index, kg/m? 221+6.7 243+7.2 253+7.2 01"
Systolic BP, mmHg 127.8+29.5 12914243 130.5+38.7 .06
Diastolic BP, mmHg 80.3+28.2 79.1+£259 81.6+29.2 .28
Serum creatinine, mg/dL 1.83+0.67 1.81+0.97 1.88+0.71 45
Urine protein, g/d 0.26+0.13 0.24+0.11 0.28+0.14 21
Serum albumin, g/dL 4.88+1.68 458+1.98 411+1.52 19
Estimated GFR, mL/min per 1.73m? 35.7+20.1 31.2+15.1 26.5+13.6 02"
Comorbidities
Hypertension (%) 61.3 63.6 65.8 .06
Diabetes mellitus (%) 24.6 25.7 24.2 12
Dyslipidemia (%) 59.2 62.4 60.2 .28
Polysomnographic data .
Apnea—hypopnea index (events/h) 32+14 1.6+7.7 28.8+13.6 <.001™"
Mean Sa0,% 94.3+7.8 88.3+6.6 84.7+7.9 <.001”
Sa0, <90%, %monitoring time 73426 22.3+16.1 35.3+19.7 <001

Values are the mean+SD, or number (%). BP =blood pressure, CKD =chronic kidney disease, GFR= glomerular filtration rate, 0SA=obstructive sleep apnea, Sa0, =arterial oxygen saturation.
**Mild and moderate to severe OSA versus non-OSA.
Mild OSA versus moderate to severe OSA versus non-OSA.

Univariate and multivariate analysis for eGFR levels in 269 patients with CKD.

Univariate Multivariate
Characteristics B 95% Cl P value B 95% Cl P value
Age —0.61 —1.14-0.54 .002 —0.78 —1.04-0.45 .004
Body mass index, kg/m? —0.47 —1.24-0.27 .006
Apnea—hypopnea index (events/h) —-0.34 —0.84-0.04 014 —0.48 —0.76-0.28 011
Mean Sa0,% 0.48 0.24-0.91 .003 0.35 0.19-0.65 .045
Sa0, <90%, % monitoring time —0.51 —0.89-0.17 .012 -0.29 —0.47-0.12 .008

Cl=confidence interval, CKD=chronic kidney disease, eGFR =estimated glomerular filtration rate, Sa0, =arterial oxygen saturation.

analyses indicated that age, AHI, BMI, mean Sa0,%, and SaO,  3.5. Characteristics of patients after 12-month CPAP
<90% monitoring time were significantly associated with a greater ~ treatment

eGFR decline. Moreover, the multivariate analysis indicated that ~ We also compared the clinical parameters of the 52 patients
age, AHI, BMI, mean Sa0,%, and SaO, <90% monitoring time  before and after the 12-month nCPAP treatment (Table 5). After
were also independently associated with eGFR decline. treatment, patients with moderate/severe OSA (n=20) had a

The characteristics of 269 patients with CKD after 12-month non-CPAP/CPAP treatment.

Mild 0SA (n=79) Moderate to Severe 0SA (n=42)

Characteristics Non-CPAP (n=47) CPAP (n=32) Pvalue Non-CPAP (n=22) CPAP (n=20) P Value
Body mass index, kg/m? 22.6+58 249+6.8 254+4.3 .28 26.1+6.9 25.7+7.2 .86
Systolic BP, mmHg 125.3+22.6 124.3+23.8 126.9+25.1 .33 131.5+34.7 128.5+31.1 .08
Diastolic BP, mmHg 79.7+234 81.1+19.5 822+17.2 .07 80.9+20.1 821212 27
Serum creatinine, mg/dL 1.96+0.87 1.72+0.68 1.82+0.77 19 1.74+0.84 1.87+0.71 e
Urine protein, g/d 0.27+0.28 0.28+0.26 0.26+0.13 .61 0.34+0.17 0.26+0.16 .02
Serum albumin, g/dL 412+£1.37 3.95+1.45 4.01+£1.58 A7 4.07 +1.66 416+£1.73 18
Estimated GFR, mL/min per 1.73m? 33.1+87 27.8+7.6 28.1+84 19 185+7.2 225+6.5 <.001
Declining levels of eGFR, mL/min per 1.73m?/y 2.24+1.86 3.54+3.28 2.84+1.68 .03 597+4.33 3.14+£2.91 .01
Polysomnographic data

Apnea—hypopnea index (events/h) 35+1.1 122437 56+1.7 <.001 30.78+11.8 9.6+29 <.001

Mean Sa0,% 94.4+9.7 87.3+11.8 92.7+14.6 <.001 84.7+11.9 91.7+148 <.001

Sa0, <90%, % monitoring time 6.9+2.1 24.3+8.1 8.3+3.1 <.001 383+11.4 128+34 <.001

Values are the mean + SD or number (%). BP =blood pressure, CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate, GFR=glomerular filtration rate, nCPAP =nasal continuous positive
airway pressure, OSA=obstructive sleep apnea, Sa0,=arterial oxygen saturation.
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Univariate and multivariate analysis for the declining levels of eGFR in 269 patients with CKD.

Univariate Multivariate
Characteristic B 95% CI P value B 95% Cl P value
Age —0.31 —0.74-0.21 011 —0.61 —1.03--0.29 017
Body mass index, kg/m? —0.59 —1.07-0.22 .004 —-0.41 —0.67-—0.16 .021
Apnea-hypopnea index (events/h) —0.42 —-0.91-0.13 .021 —-0.28 —0.46-0.07 .006
Mean Sa0,% 0.51 0.27-0.83 .007 0.42 0.17-0.73 .003
Sa0, <90%, % monitoring time -0.37 —0.69-0.18 023 —0.34 —0.57--0.09 .016

Cl=confidence interval, CKD=chronic kidney disease, Sa0,=arterial oxygen saturation.

lower mean systolic BP (128.5+31.1mmHg vs 133.6+28.4
mmHg, P=.03), a lower mean diastolic BP (82.1+21.2 mmHg vs
87.7+18.1mmHg, P=.04), and a lower urinary protein level
(0.26+0.16 vs 0.32+0.14, P=.04). The 12-month treatment
was also associated with decreased eGFR in those with mild OSA
(n=32; 32.1+6.8 vs 28.1+8.4, P=.03) and moderate/severe
OSA (26.7+7.2 vs 22.5+6.5, P=.01). Moreover, there were
also significant improvements in PSG results after nCPAP
treatment for those with mild OSA and moderate/severe OSA.
Characteristics such as BMI, BP, serum creatinine, urinary
protein, and serum albumin did not change significantly in
patients with OSA after the 12 months.

4. Discussion

Hypoxia is related to the deterioration of renal function, and
chronic hypoxia is a defining characteristic of the final common
pathway leading to ESRD.*>**! We also found a close
association between hypoxia and CKD progression. In particu-
lar, our study of patients with CKD and OSA indicated that as
OSA became more severe (based on AHI, mean Sa0O,%, and
Sa0; <90% monitoring time), eGFR also decreased significantly
(Table 1). Moreover, old age, high BMI, high AHI, low mean
Sa0,%, and long Sa0, <90% monitoring time were significant-
ly associated with lower eGFR (Table 2). This supports previous
research findings that multiple factors are associated with CKD
progression.!2>~28!

Although nCPAP treatment is considered the most effective
strategy for treatment of hypoxia in OSA patients, no studies
have yet definitively established the effect of nCPAP treatment on

the progression of CKD in patients with OSA. To our knowledge,
the present study is the first to examine the relationship of nCPAP
treatment with progression of CKD. We also compared changes
in eGFR levels of OSA patients receiving and not receiving
nCPAP treatment. Among patients with mild OSA and moderate/
sever OSA, the decline of eGFR was significantly greater in the
non-CPAP group (Table 3). Moreover, age, BMI, and indicators
of hypoxia (AHI, mean Sa0,%, and SaO, <90% monitoring
time) were also independently associated with CKD progression
(Table 4). These results are consistent with previous studies which
found that CKD and OSA have reciprocal effects on each
other,'?*?3 and also indicate that amelioration of hypoxia in
patients with CKD and OSA by nCPAP treatment may help to
slow the progression of renal disease.

In addition to causing hypoxia, OSA may promote CKD
progression by several other mechanisms. We found that BMI
was significantly associated with severity of OSA and low eGFR
(Tables 1 and 2). These results are consistent with previous
studies which showed that obesity was associated with OSA, and
was also a risk factor for progression to renal failure.**>"!
However, the 12-month nCPAP treatment used in the present
study did not reduce patient BMI. Therefore, we considered that
this small difference would be one of the risk factors of renal
failure but not the major progressive factor. Furthermore,
elevated BP is considered a major risk factor for CKD
progression. Recent studies demonstrated that OSA caused
hypertension by activation of the renin-angiotensin system and
the sympathetic nervous system.!'®!”! However, we found no
evidence of an association between hypertension and CKD
progression in our patients. Patients with hypertension are

The characteristics of 52 patients with combined CKD and OSA before/after 12-month CPAP treatment.

Mild 0SA (n=32)

Moderate to severe 0SA (n=20)

Characteristics Before CPAP After CPAP P value Before CPAP After CPAP P value
Body mass index, kg/m? 25.8+5.7 254443 .09 27.3+6.2 257472 13
Systolic BP, mmHg 129.7+23.8 126.9+25.1 .06 133.6+28.4 128.5+31.1 .03
Diastolic BP, mmHg 84.2+13.7 82.2+17.2 .07 87.7+18.1 82.1+21.2 .04
Serum creatinine, mg/dL 1.91+0.61 1.82+0.77 .26 1.84+0.79 1.87+0.71 31
Urine protein, g/d 0.25+0.11 0.26+0.13 59 0.32+0.14 0.26+0.16 .04
Serum albumin, g/dL 4.08+1.37 4.01+1.58 .26 427124 416+1.73 18
Estimated GFR, mL/min per 1.73m? 32.1+6.8 28.1+84 .03 26.7+7.2 225+6.5 .01
Polysomnographic data

Apnea—hypopnea index (events/h) 13.2+4.2 56+1.7 <.001 31.4+£12.1 96+29 <.001

Mean Sa0,% 84.3+135 92.7+14.6 <.001 80.7+13.9 91.7+14.8 <.001

Sa0, <90%, % monitoring time 254497 8.3+3.1 <.001 37.1+13.1 12.8+3.4 <.001

Values are the mean +SD or number (%). BP =blood pressure, CKD =chronic kidney disease, CPAP =continuous positive airway pressure, GFR = glomerular filtration rate, 0SA=obstructive sleep apnea,

Sa0, =arterial oxygen saturation.
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typically treated with angiotensin-converting enzyme inhibitors
and angiotensin II receptor blockers, and this might explain our
finding of no relationship between BP and declining of eGFR.
Notably, our patients with moderate/severe OSA who received
the nCPAP treatment experienced significant declines of systolic
and diastolic BP at 12 months (Table 5). In agreement, other
studies reported that even a short daily usage of CPAP provides
some clinical benefits for the cardiovascular systems of patients
with OSA.?8) Therefore, nCPAP treatment protected kidney
function, and also reduced the cardiovascular complications of
patients with CKD and OSA because it reduced urinary protein
excretion and BP.

It was noteworthy that eGFR was lower in patients with mild
OSA and moderate/severe OSA after the 12-month nCPAP
treatment (Table 5). This indicates that CKD apparently
continues to progress despite the use of nCPAP. In other words,
nCPAP treatment appears to slow the decline of eGFR in CKD
patients with OSA, but does not prevent or reverse CKD
progression (Table 3). Other factors, such as age, BMI, and BP,
also affect CKD progression.?>2% On the other hand, we found
that nCPAP treatment dramatically improved the status of CKD
patients with severe hypoxia and moderate/severe OSA, but
provided little benefit for CKD patients with mild hypoxia and
mild OSA. Therefore, among those with moderate/severe OSA,
eGFR was significantly higher and urinary protein excretion was
significantly lower in the nCPAP group; but among those with
mild OSA, the nCPAP and non-CPAP groups had no significant
differences of eGFR and urinary protein (Table 3).

Our study also had limitations. First, all study subjects were
from 2 hospitals, suggesting our results may have limited
generalizability. However, our results were consistent with those
of several other studies. Second, during the study period, certain
potential risk factors (uncontrolled hypertension) could have
influenced renal function. Third, receipt of nCPAP treatment was
not randomized, but was a personal decision of each patient (due
to economic reasons). This could lead to referral bias.

In summary, the current non-randomized cohort study
provides evidence that OSA contributes to CKD progression,
and that age, BMI, apnea—hypopnea index (AHI), mean Sa0, %,
and Sa0, <90% monitoring time were independently associated
with lower eGFR. Moreover, comparing OSA patients who
received and did not receive nCPAP treatment indicated greater
declines of eGFR among non-CPAP patients with mild OSA and
among non-CPAP patients with moderate/severe OSA. These
results indicate that a 12-month nCPAP therapy significantly
slowed the progression of CKD in patients with CKD and OSA.
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