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Abstract

Chronic kidney disease (CKD) often accompanies obstructive sleep apnea
(OSA). A causative connection of the two disease entities is uncertain.
However, eliminating OSA improves the prognosis of CKD patients. In the
present study we examined a possible relationship between OSA and CKD,
and whether there would be a mutual enhancing interaction in the severity
of the two diseases. The study was of a retrospective nature and
encompassed 382 patients over the period of 1 January 2014-30 June
2015. The OSA diagnosis was supported by a polysomnographic exami-
nation in 363 (95.0%) patients. Blood samples were taken for the determi-
nation of kidney function indices. The influence on OSA and CKD of
comorbidities also was examined. We found a high probability of a simul-
taneous occurrence of OSA and CKD; with the odds ratio of 3.94 (95% CI
1.5-10.3%; p = 0.005). The 363 patients with OSA were stratified into
73 (20.1%) mild, 98 (27.0%) moderate, and 192 (52.9%) severe OSA cases
according to the apnea-hypopnea index. CKD was found in 43 (58.9%)
patients with mild OSA, 73 (74.5%) with moderate OSA, and 137 (71.4%)
with severe OSA. Most OSA patients also suffered from hypertension and
obesity. For comparison, CKD was detected in 7 (36.8%) out of the
19 patients without OSA (p < 0.003). We conclude that CKD develops
significantly more often in patients with OSA than in those without it, and
CKD frequency increases with the severity of OSA.
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1 Introduction

Obstructive sleep apnea (OSA) is a disease
caused by repetitive breathing pauses during
sleep, which trigger a subthreshold wake-up
reaction due to a temporary shortage of oxygen
to the organs. This results in various symptoms,
such as pronounced daytime sleepiness, cardio-
vascular impairment, and other potentially seri-
ous secondary diseases (Chokorverty 2010). One
of those disorders is chronic kidney disease
(CKD). A number of studies have shown that
OSA is particularly common in patients with
advanced CKD (Fleischmann et al. 2010; Iseki
et al. 2008). The original guidelines of the Kid-
ney Disease Improving Global Outcomes
(KDIGO) state that CKD should be defined
based on a reduced glomerular filtration rate
(GFR) or markers of kidney damage for at least
three months. In addition, the cause of kidney
disease, the magnitude of albuminuria, and the
degree GFR impairment should be defined (Inker
et al. 2014).

The cause-and-effect relationship and the
nature of the potential association between the
two diseases remains unclear. Thus, a thorough
understanding of these two disease entities is
essential. One possible feature linking the two
diseases is increased arterial blood pressure.
Enhanced blood pressure is one of the most
important risk factors for the development of
CKD (Chang et al. 2016; Sarnak et al. 2003).
OSA often results in increased blood pressure
(Meng et al. 2016), which could damage the
kidneys with time (Archontogeorgis et al. 2016).

In the present study, we attempted to get an
insight into the nature of the potential association
between CKD and OSA. Further, we wished to
examine the possibility of mutually enhancing
interaction of disease severity, also taking into
account the influence of comorbidities.

2 Methods

The implementation of the study was approved
by the Ethics Committee of Witten/Herdecke
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University in  Witten, Germany. Written
informed consent by the study participants was
waived due to a retrospective nature of the study.
All personal information of the population
investigated was removed prior to data analysis.

2.1 Study Design and Setting

We reviewed the data of all patients who were
screened for OSA in the sleep laboratory of the
Department of Pneumology of the HELIOS
Clinic in Wuppertal of the Witten/Herdecke Uni-
versity in Germany in the period of 1 January
2014-30 June 2015. The HELIOS Clinic
Wuppertal is the largest hospital in the Bergisch
Land region lying in the state of North Rhine-
Westphalia in Germany, with 967 beds and
26 departments. Each year, this hospital treats
around 550 inpatients in the sleep laboratory.
The data were collected in Excel file and
evaluated after the completion of collection.

2.2 Obstructive Sleep Apnea (OSA)

There were 382 adult patients admitted to the
sleep laboratory with a suspicion of having
OSA during the study period who underwent a
polysomnographic examination (Sleep Diagnos-
tic System ALICE 4, Heinen + Lowenstein, Bad
Ems, Germany), a gold standard for OSA diag-
nosis (Escourrou et al. 2015). OSA was con-
firmed in 363 (95.0%) patients according to
standards of the WHO International Statistical
Classification of Diseases (ICD G47.31) (WHO
2016). This classification defines OSA as 10 or
more breathing pauses per hour of sleep, each
lasting for 10 or more seconds. The patients
displayed a number of other typical for OSA
symptoms such as are loud snoring, headaches,
daytime sleepiness and fatigue, impaired concen-
tration, dry mouth, impotence, and depression
(Pagel 2007). The severity of OSA was classified
on the basis of apnea-hypopnea index (AHI), i.e.,
the number of apnea and hypopnea events per
hour of sleep, calculated by dividing the number
of events by the number of sleep hours. OSA was
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Table 1 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula

CKD-EPI formula

a White/other
Black

b

c Male
Female

stratified into mild (AHI 5-14), moderate (AHI
15-29), and severe (AHI >30) form of disease
(Ho et al. 2015). Comorbidities, other than CKD,
and duration of a hospital stay were also com-
pared among the four study groups. Nineteen
patients with AHI of less than five, considered
free of the disease, were assigned to the control

group.

23 Chronic Kidney Disease (CKD)
Blood samples were collected in all patients to
determine the indices of kidney function. CKD
was defined as a slow, progressive loss of kidney
function, with unspecific symptoms, for over
three or more months (ICD N18.1-N18.5)
according to the guidelines of Kidney Disease
Improving Global Outcomes (KDIGO 2013).
CKD was divided into six degrees of severity
based on the estimated glomerular filtration rate
(eGFR): Stage 1 (normal) — GFR above 90 mL/
min/1.73 m?; Stage 2 (mildly decreased) — GFR
of 60-89 mL/min/1.73 mz; Stage 3a (mildly to
moderately decreased) — GFR of 45-59 mL/min/
1.73 m?% Stage 3b (moderately to severely
decreased) — GFR of 3044 mL/min/1.73 m?
Stage 4 (severely decreased) — GFR of
15-29 mL/min/1.73 m? and Stage 5 (kidney
failure) — GFR less than 15 mL/min/1.73 m>
(WHO 2016).

The eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula for age, gender, race, and
different doses of serum creatinine (Scr) for

13
Male 141
Female 144
Male 163
Female 166
Male 0.9
Female 0.7
Serum creatinine <0.7 mg/dL —0.411
Serum creatinine >0.7 mg/dL —1.209
Serum creatinine <0.7 mg/dL —0.329
Serum creatinine >0.7 mg/dL —1.209

women and men: eGFR (mL/min/1.73 m?
) =a x (Scr/b)° x (0.993)"# (Table 1) (National
Kidney Foundation 2002). The serum creatinine
(norm 0.5-1.1 mg/dL) was assessed using an
Monovette® 4.7 mL blood collection system
(Sarstedt AG & Co; Niimbrecht, Germany),
including lithium heparin and an enzymatic col-
orimetric assay kit, and a COBAS® 6000 ¢501
analyzer (F. Hoffmann-La Roche Ltd;
Mannheim, Germany).

24 Statistical Elaboration

Categorical data were expressed as percentages
and continuous data as means =+ standard
deviations (SDs). Odds ratio (OR) was calculated
to determine the likelihood of OSA and CKD
coexistence. The 95% confidence intervals
(CI) were calculated for OSA severity. Signifi-
cance of gender differences and comorbidities
was calculated using a 4 by 2 Chi” test. One-way
ANOVA for four independent samples was used to
assess differences in age, duration of hospital
stays, AHI, eGFR, and in the serum creatinine
among the four study groups. A p-value <0.05
defined the statistically significant differences.

3 Results

Of the 382 patients screened for OSA,
73 (19.1%; 95%CI 15.2-23.1%) had mild OSA,
98 (25.7%; 95%CI 21.3-30.0%) had moderate
OSA, 192 (50.3%; 95%CI 45.3-55.3%) had
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Table 2 Interrelationship between obstructive sleep apnea (OSA) and chronic kidney disease (CKD) severity stages

Total of 382 patients
Control Diagnosed OSA
AHI <5 AHI 5-14 AHI 15-29 AHI >30 p<
Patients (n; %) 19 (5.0) 73 (19.1) 98 (25.7) 192 (50.3)
Male (n; %) 11 (57.9) 47 (64.4) 62 (63.3) 146 (76.0) 0.050
Female (n; %) 8 (42.1) 26 (35.6) 36 (36.7) 46 (24.0) 0.050
Age (year) 560+ 17.7 |63.6+14.6 |635+134 |64.7+13.2 |0.065
Hospital stay (days) 1.9 +£0.8 2.3 +0.8 2.3+ 0.8 26+ 1.0 0.001
AHI (events/h) 20+ 1.6 10.1 £3.5 22.0+45 58.3 £243 0.001
eGFR (mL/min/1.73 m?) 84.1 +£27.8 |80.6+23.0 |73.7+243 |72.0+258 |0.026
Mean
¢GFR >90 mL/min/1.73 m (n; %) [12632)  [30@L1)  [25055  [55(287)  [0.003
CKD
eGFR — 60-89 mL/min/1.73 m” (n; %) |6 (31.6) 31 (42.5) 48 (49.0) 83 (43.2) 0.520
eGFR — 45-59 mL/min/1.73 m? (n; %) |0 7 (9.6) 14 (14.3) 29 (15.1) 0.216
eGFR — 30-44 mL/min/1.73 m* (n; %) |0 3 (4.1) 8 (8.2) 15 (7.8) 0.420
eGFR — 15-29 mL/min/1.73 m?* (n; %) 1(5.3) 2(2.7) 3(3.1) 4(2.1) 0.845
eGFR <15 mL/min/1.73 m? (n; %) 0 0 0 6(3.1) 0.110
Serum creatinine (0.5-1.1 mg/dL) 0.8 +£03 09+03 2.0 £ 10.1 1.2+ 1.0 0.452
Data are means + SD, except gender and eGFR subgroups data that concern the number of patients ()
AHI apnea-hypopnea index, eGFR estimated glomerular filtration rate
Note: Significant P values shown in bold
eGFR
(mL/min/1.73 m?) mAHI<5
= AHI 5-14
®mAHI 15-29
= AHI > 30

Number of Patients

Fig. 1 Number of patients with chronic kidney diseases
calculated after estimated glomerular filtration rate
(eGFR) in patients with obstructive sleep apnea (OSA)

severe OSA, and 19 (5.0%; 95%CI 2.8-7.2%)
did not have OSA (Table 2). Males comprised a
total of 266 (69.6%) patients, and predominated
in each study group (Table 2). There were no

categorized according to the apnea-hypopnea index (AHI)
and without OSA (AHI <5)

appreciable age differences among the four
groups of patients, although younger patients
tended to have less OSA. Significant differences
were observed regarding the duration of a
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hospital stay; hospitalization was longer in
patients with severe OSA. The OR for the coex-
istence of OSA and CKD in all study patients
was 3.9 (95%CI 1.5-10.3%; p = 0.005). There
was a significant difference in the mean eGFR,
with lower values for the patients with severe
OSA (Fig. 1 and Table 2). There were signifi-
cantly fewer cases of OSA in patients with nor-
mal eGFR. However, no eGFR-dependent
differences were found concerning OSA among
the CKD stages in the groups studied. No differ-
ence was found in the mean serum creatinine
value among the four study groups (Table 2).

The most frequently observed comorbidities
were hypertension and obesity, with rare cases of
coronary artery disease, myocardial infarction,
asbestosis, Ormond’s disease, sarcoidosis, uri-
nary incontinence, hyperparathyroidism, hypo-
thyroidism, chronic sinusitis, anxiety, stroke,
dementia, depression, mania, multiple sclerosis,
and polytoxicomania (Table 3).

4 Discussion

The majority of patients with OSA also suffered
from CKD. In contrast, most patients without
OSA had normal eGFR values. It can be said
that the two diseases may be present together. A
causative link between the two diseases has yet
to be determined. It can also be assumed that
OSA and CKD mutually negatively influence
each other, although a few scientific studies
have been carried out on this topic. One such
study has shown that patients with OSA have an
increased risk of developing CKD (Lee et al.
2015). While OSA is determined on the basis of
pauses in breathing during sleep, CKD is a disor-
der in which there is an ongoing damage of renal
function, and it is a major health problem world-
wide (Kalamas and Niemann 2013). The relation
between OSA and CKD is unclear. For this rea-
son, screening kidney function indices values for
the detection of CKD is essential for a proper
treatment of OSA patients (Galbraith et al. 2016).
In the present study, majority of OSA patients
had a mild form of CKD, which is line with
former findings that OSA patients have increased
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risk for the occurrence of early stages of CKD
(Chu et al. 2016; Sim et al. 2009). Remarkably,
the present study failed to demonstrate an
increasing number of patients with OSA in
advanced stages of CKD, but the most severe
OSA coincided with the most severe CKD. The
latter might have to do with a sometimes late
detection of OSA. In contrast, another study has
suggested that OSA is an independent risk factor
for the advancement of CKD (Kanbay et al.
2012), which would form a plausibly causative
link between the two diseases. This conclusion
was based on the enhancing effect of hypopnea in
OSA, which leads to oxygen desaturation during
sleep, an increase of cytokine levels and insulin
resistance. The same factors have been found to
play a role in the progression of CKD in patients
with OSA (Kanbay et al. 2012). Another study has
shown an association between OSA severity and
renal dysfunction, conspicuously even in patients
without hypertension or diabetes (Chou et al.
2011). In the present study, the number of patients
with diabetes was underrepresented in all four
groups. Although the proportion of patients with
severe OSA was largest, there was no real increase
in the incidence of severe OSA alongside CKD
severity. Accordingly, there was no association
between OSA severity, assessed by AHI, and
renal function impairment, assessed by eGFR.
As previously reported, sleep disorders are
often observed in dialysis patients in advanced
stages of renal disease. The prevalence of OSA in
hemodialysis patients is as high as 24%, com-
pared with the 16% in non-dialyzed patients with
CKD (Ezzat and Mohab 2015). In the present
study, proportion of dialysis patients was low at
1.3%, and all these patients had a severe OSA.
The relationship between OSA and hyperten-
sion has long since been known. There are sev-
eral mechanisms that explain this relationship,
primarily repeatable increases in sympathetic
activity during apneic episodes. The main
features of hypertension in OSA patients are
high prevalence, diastolic and nocturnal predom-
inance, and a frequent non-dipper status (Baguet
et al. 2009). Therefore, hypertension
accompanies OSA, particularly a long-lasting
and severe OSA, as was also shown in the present
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Table 3 Comorbidities stratified by the apnea-hypopnea (AHI) index in the patients studied

Total of 382 patients
Control Diagnosed OSA
AHI <5 AHI 5-14 AHI 15-29 AHI >30 p<
Patients (n; %) 19 (5.0) 73 (19.1) 98 (25.6) 192 (50.3)
Cardiovascular diseases (n; %)
Cardiac arrhythmia 1(5.3) 7 (9.6) 10 (10.2) 28 (14.6) 0.437
Coronary artery disease 2 (10.5) 5(6.9) 16 (16.3) 44 (22.9) 0.016
Hypertension 10 (52.6) 37 (50.7) 62 (63.3) 153 (79.7) <0.0001
Myocardial infarct 1(5.3) 1(1.4) 0 0 0.013
Peripheral arterial occlusive disease 0 1(1.4) 3 (3.1 4(2.1) 0.792
Recent deep vein thrombosis 0 0 0 2 (1.0) 0.575
Recent myocardial infarction 0 0 1 (1.0) 7@(3.7) 0.189
Pulmonary diseases (n; %)
Asbestosis 0 6 (8.2) 0 0 <0.0001
Asthma 5(26.3) 9(12.3) 12 (12.2) 22 (11.5) 0.321
COPD 3 (15.8) 14 (19.2) 18 (18.4) 36 (18.8) 0.989
Emphysema 0 3@4.1) 3.1 7@3.7) 0.838
Lung cancer 0 1(1.4) 0 3(1.6) 0.615
Obesity-hypoventilation syndrome 0 2(2.7) 0 2 (1.0) 0.353
Ormond’s disease 1(5.3) 0 0 0 0.0003
Pulmonary embolism 0 0 1 (1.0) 1 (0.5) 0.813
Sarcoidosis 1(5.3) 0 0 1(0.5) 0.028
Recent lung and pleural empyema 0 0 0 73.7) 0.070
Recent pulmonary embolism 0 22.7) 1 (1.0) 2 (1.0) 0.664
Recent tuberculosis 0 0 2 (2.0) 0 0.120
Gastrointestinal diseases (n; %)
Diabetes mellitus 2 (10.5) 16 (21.9) 25 (25.5) 51 (26.6) 0.432
Esophageal cancer 0 0 1(1.0) 0 0.406
Gastroesophageal reflux disease 2 (10.5) 4 (5.5) 44.1) 8 (4.2) 0.628
Hypercholesterolemia 1(5.3) 1(1.4) 2 (2.0) 3(1.6) 0.699
Hyperlipidemia 0 0 7(7.1) 10 (5.2) 0.101
Obesity 3 (15.8) 21 (28.8) 40 (40.8) 123 (64.1) <0.0001
Kidney diseases (1; %)
Acute urinary tract infection 0 0 0 1 (0.5) 0.807
Benign prostatic hyperplasia 1(5.3) 1(1.4) 2 (2.0) 10 (5.2) 0.355
Bladder cancer 0 1(1.4) 1(1.0) 0 0.461
Diabetic nephropathy 0 0 0 1(0.5) 0.804
Dialysis 0 0 0 5(2.6) 0.171
Hyperuricemia 0 3(4.1) 2 (2.0) 2 (1.0) 0.369
Prostate carcinoma 0 1(1.4) 2 (2.0) 2 (1.04 0.857
Renal cysts 0 0 1(1.0) 0 0.406
Urinary incontinence 0 0 10 (10.2) 0 <0.0001
Thyroid diseases (1; %)
Goiter 0 0 0 1(0.5) 0.804
Hyperparathyroidism 0 0 0 14 (7.3) 0.002
Hypothyroidism 4 (21.1) 9 (12.3) 9(9.2) 1(0.5) <0.0001
Ear, nose, and throat disease (1; %)
Chronic sinusitis [1(5.3) [0 [0 11(0.5) | 0.028

(continued)
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Table 3 (continued)

Total of 382 patients

Control
AHI <5
Neurological diseases (n; %)
Anxiety 0
Epilepsy 0
Parkinson’s disease 0
Polyneuropathy 0
Multiple sclerosis 1(5.3)
Restless legs syndrome 0
Schizophrenia 0
Recent stroke 1(5.3)
Past stroke 0
Psychiatric diseases (1; %)
Alcoholism 1(5.3)
Dementia 0
Depression 3 (15.8)
Former smoker 1(5.3)
Mania 0
Polytoxicomania 0
Smoker 4 (21.1)
Gynecological disease (1; %)
Breast cancer ’ 1(5.3)
Skin diseases (1; %)
Allergy 0
Eczema 0
Hypothermia ’ 0
Psoriasis 11(5.3)

COPD chronic obstructive pulmonary disease

17
Diagnosed OSA
AHI5-14  |AHI15-29 | AHI >30 p<
0 33 (34.0) 0 <0.0001
0 3(3.1) 2 (1.0) 0.301
1(1.4) 0 0 0.237
1(1.4) 1(1.0) 1 (0.5) 0.871
1(1.4) 0 0 0.013
1(1.4) 0 1 (0.5) 0.655
0 1 (1.0) 0 0.401
3(4.1) 6 (6.1) 10 (5.2) 0.952
5(6.9) 0 0 <0.0001
3(4.1) 1 (1.0) 2 (1.0) 0.224
0 5(5.1) 2 (1.0) 0.042
7 (9.6) 0 9 (4.7) <0.0001
0 5(5.1) 11 (5.7) 0.234
10 (13.7) 0 0 <0.0001
0 0 14 (7.3) 0.002
9 (12.3) 9 (9.2) 22 (11.5) 0.518
0 0 12(1.0) | 0.094
0 1(1.0) 13(1.6) 0.689
1(1.4) 1(1.0) 15(2.6) 0.696
0 12(2.0) 13(1.6) | 0.633
0 4 (4.1) 12(1.0) | 0.110

Note: Significant P values shown in bold

study. Another study has also reported an increase
in the frequency of hypertension based on OSA
severity (Bayram et al. 2007). Further, in that
study hypertension was found in about 37% of
209 OSA positive versus 7% of 54 OSA negative
patients, which amounted to a remarkably signifi-
cant difference. Obesity is another major factor in
both OSA and CKD (McClellan and Plantinga
2013; Arens and Marcus 2004); the present
findings confirmed a high percentage of the over-
weight among patients suffering from severe
OSA. According to a study of Knorst et al.
(2008), body mass index offers the best assess-
ment of the effect of obesity on OSA severity.

A limitation of the present study was that only
patients who had the clinical symptoms of OSA

were investigated in the sleep laboratory.
Patients with CKD, without OSA symptoms,
were not examined. The effects on CKD of
OSA treatment generally were not investigated
either. Finally, a causative link between OSA and
CKD was not determined as only a descriptive
data evaluation was conducted.

In conclusion, coexistence of OSA and CKD
is highly likely as GFR appreciably decreases
with increasing OSA severity. CKD frequency
increases with the severity of OSA. Hypertension
and obesity are the most common comorbidities
in OSA and CKD.

Conflicts of Interest The authors declare no competing
interests in relation to this article.
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