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Abstract
Background. Obstructive sleep apnea (OSA) may predispose patients to acute kidney injury (AKI) and 
chronic kidney disease (CKD).

Objectives. We postulated that apneic episodes during sleep in patients with OSA may result in episodes 
of subclinical AKI that may be detected by the use of novel sensitive serum and urine markers. The treatment 
of OSA may protect against renal injury.

Material and methods. The study involved 86 men who had positive screening test results for OSA and 
estimated glomerular filtration rates (eGFR) calculated with the Chronic Kidney Disease Epidemiology Col-
laboration (CDK-EPI) equation >60 mL/min/1.73 m². All the patients underwent overnight polysomnography 
(the diagnostic night). The patients were divided into 2 groups: 45 patients with mild OSA and 41 patients 
with moderate-to-severe OSA. Those in the latter group were qualified for 6–8 weeks of continuous positive 
airway pressure (CPAP) treatment. Blood pressure, serum creatinine, high sensitivity C-reactive protein (hsCRP), 
urine creatinine, AKI markers cystatin C and neutrophil gelatinase-associated lipocalin (NGAL), kidney injury 
molecule 1 (KIM-1), liver-type fatty acid-binding protein, and endothelium marker intercellular adhesion 
molecule-1 (ICAM-1) were assessed in both groups before and after polysomnography. The same parameters 
were also measured in the patients with moderate-to-severe OSA after CPAP therapy.

Results. Kidney injury molecule 1 and urine NGAL significantly increased after the diagnostic night 
in the whole group and in mild OSA patients (p = 0.04 and p = 0.001, respectively). Serum ICAM-1 signifi-
cantly decreased after the diagnostic night only in mild OSA patients (p = 0.03. Urine cystatin C increased after 
6–8 weeks of CPAP treatment in the moderate-to-severe OSA group (0.003). Serum ICAM-1 decreased after 
the CPAP treatment (p = 0.02). The CPAP therapy led also to a decrease in mean and diastolic (p = 0.005) 
blood pressure.

Conclusions. The pattern of overnight changes in serum and urine AKI markers after apneic episodes during 
sleep may suggest an increased risk of subclinical AKI in patients with OSA. The CPAP therapy is not protective 
against AKI, but may reduce some of its risk factors, including high blood pressure and endothelial damage.
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Introduction

Obstructive sleep apnea (OSA) is a common and growing 
clinical problem with many important negative health im-
plications, characterized by recurrent episodes of hypoxia 
and hypercapnia during sleep, resulting in daytime sleepi-
ness.1 Hypoxia and hypercapnia induced by OSA may have 
negative effects resulting from the activation of the sym-
pathetic nervous system, the renin-angiotensin-aldoste-
rone system (RAAS), and increased oxidative stress and 
free-radical generation.1–3 The detrimental consequences 
of hypoxia, which include endothelial dysfunction, sys-
temic inflammation, platelet aggregation, atherosclerosis, 
and fibrosis, may predispose individuals to cardiovascular 
events and are likely to induce renal damage.2,3 As much 
as half of all patients with chronic kidney (CKD) disease 
suffer from nocturnal hypoxia, which has been recognized 
as a potential cause of chronic renal dysfunction and car-
diovascular risk.3 Obstructive sleep apnea has also recently 
been identified as a strong risk factor for acute kidney in-
jury (AKI) in a large population of critically ill patients.4

It has recently been suggested that frequent apneic epi-
sodes during sleep may result in repeated renal hypoxia 
and release of inflammatory mediators, which may cause 
AKI and eventually contribute to CKD.2,3 Obstructive 
sleep apnea has also been associated with glomerular hy-
perfiltration and the development of focal glomeruloscle-
rosis, and may be an independent predictor of proteinuria, 
a major risk factor for CKD progression.5,6 Obstructive 
sleep apnea may mediate renal damage through several 
mechanisms, i.e., hypoxemia-induced endothelial dysfunc-
tion, accelerated atherosclerosis or altered cardiovascular 
hemodynamics.1–3 Therefore, there is a need to better elu-
cidate the possible impact of OSA on the incidence of kid-
ney injury and CKD progression.

The current routine diagnostics of AKI are based mainly 
on changes in serum creatinine, but these measurements 
may lack the  sensitivity necessary to  detect early and 
acute deterioration in kidney function.7 Serum creatinine 
concentration may not change until about 50% of kidney 
function has already been lost. Furthermore, serum creati-
nine levels vary widely with age, sex, muscle mass, muscle 
metabolism, medications, and hydration status.8 Novel, 
more specific and sensitive AKI biomarkers are neutro-
phil gelatinase-associated lipocalin (NGAL), cystatin C, 
kidney injury molecule 1 (KIM-1), and liver-type fatty acid-
binding protein (L-FABP), the concentrations of which 
in urine or serum rise significantly in patients with AKI 
and correlate well with the severity of kidney injury.7,8

The treatment of OSA with continuous positive airway 
pressure (CPAP) offers a unique opportunity to alleviate 
most maladaptive changes in the cardiovascular system. 
Several clinical and experimental studies have indicated 
that CPAP may lead to an improvement in endothelial 
function, decrease free radical release from neutrophils, 
decrease inflammatory mediators, increase vasodilator 

serum levels, and induce a decrease in vasoconstrictor 
levels in patients with sleep apnea.9,10 It is likely that CPAP 
treatment could mitigate renal injury and improve renal 
outcomes.11

The aim of this study was to assess the effect of sleep 
apnea episodes on the pattern of changes in novel serum 
and urine markers of AKI and endothelial function in pa-
tients with different levels of severity of OSA, and to exam-
ine whether CPAP treatment of moderate-to-severe OSA 
could influence the overnight changes in AKI markers.

Material and methods

Ninety-nine men aged 40–67 years and having estimat-
ed glomerular filtration rate calculated with the Chronic 
Kidney Disease Epidemiology Collaboration (CDK-EPI) 
equation (eGFRCKD-EPI) >60 mL/min/1.73 m² were referred 
to the Sleep and Respiratory Disorders Center in Łódź 
(Poland) after screening for OSA based on the Berlin Ques-
tionnaire and Epworth Sleepiness Scale (ESS) for daytime 
sleepiness assessment. All the patients underwent a diag-
nostic night: standard nocturnal polysomnography (8 h, 
from 10:00 pm to 06:00 am) using Sleep Lab (Jaeger Via-
sys Healthcare, Höchberg, Germany), operated by a single 
technician with long-term experience in polysomnography. 
All the readings were analyzed and interpreted by a clinical 
physiologist (P.B.) who was blinded to the endpoints and 
design of the study.

Sleep and baseline respiratory parameters were defined 
and scored according to  the 2007 American Academy 
of Sleep Medicine (AASM) criteria.12 Obstructive sleep 
apnea was defined as ≥90% cessation of airflow persist-
ing for at least 10 s relative to basal amplitude. Hypopnea 
was defined as  less than or equal to 70% reduction for 
at least 10 s. The apnea-hypopnea index (AHI) was cal-
culated as the number of OSA events plus the number 
of obstructive hypopnea events per 1 h of sleep time re-
corded by the device. The severity of OSA was determined 
as mild (AHI 5–14/h), moderate (AHI 15–29/h) or severe 
(AHI ≥ 30/h).

After positive screening tests for OSA, 86 males with 
apnea-hypopnea indexes ≥15 episodes/h and eGFRCKD-EPI 
>60 mL/min/1.73 m² were qualified for the study. The de-
mographic and clinical characteristics of the study popula-
tion are presented in Table 1. The exclusion criteria includ-
ed proteinuria >1.0 g/24 h/1.73 m2 body surface; acute and 
chronic inflammatory conditions including urinary tract in-
fection (UTI), defined as >8 leukocytes in urinary sediment 
or clinical symptoms of UTI; New York Heart Association 
(NYHA) heart insufficiency class 3 or 4; uncontrolled diabe-
tes mellitus (glycated hemoglobin (HbA1C) >8.5%); triglyc-
eride and/or total cholesterol concentration >300 mg/dL; 
chronic therapy with drugs with confirmed nephrotoxicity, 
excluding sporadic use of non-steroidal anti-inflammato-
ry drugs; use of sympathomimetics; chronic use of sleep 
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medications; alcohol abuse; liver disease; or chronic ob-
structive and restrictive pulmonary diseases. Subjects with 
uncontrolled arterial hypertension with systolic blood 
pressure (SBP) >160 mm Hg and diastolic blood pressure 
(DBP) >100 mm Hg were also excluded.

The research was conducted in accordance with the Dec-
laration of Helsinki, and the study protocol was approved 
by the ethics committee at the Medical University of Łódź. 
All the participants signed informed consent prior to their 
recruitment.

The subjects’ blood pressure was measured with an elec-
tronic automatic sphygmomanometer (Omron M1 Plus; 
Omron Healthcare Co. Ltd., Kyoto, Japan) twice, before 
and after each diagnostic night. For the blood pressure 
analysis, the values of the mean arterial pressure (MAP) 
were calculated with the standard formula: MAP = [(DBP 
+ 1/3*(SBP-DBP)]. The  eGFR was calculated from se-
rum creatinine using the CKD-EPI formula: eGFRCKD-EPI 
= 141 × min (Scr/κ, 1)α× max(Scr/κ, 1)–1.209× 0.993age.

Forty-one patients diagnosed with moderate-to-severe 
OSA were qualified for treatment with CPAP (RemStar 
Plus CPAP Machine; Respironics, Murrysville, USA). They 
all received 6–8 weeks of nightly CPAP treatment after 

appropriate training and a titration period. The CPAP 
therapy was supervised by one of the authors (P.B.). Com-
pliance with the therapy was checked throughout the treat-
ment, and use of the CPAP device for ≥4 h per night was 
considered acceptable compliance. The remaining 45 pa-
tients with mild OSA did not receive CPAP treatment and 
were managed conservatively. Figure 1 shows the design 
of the study and a flowchart of the patients; Table 1 pres-
ents the participants’ clinical characteristics.

The  patients were asked to  come to  our sleep lab 
in the evening before their polysomnography (PSG) be-
tween 7:00 and 9:00 pm to sign the consent form and 
to receive detailed instructions about the study protocol, 
including lab sample collections. At that time, baseline 
blood and urine samples were taken. The 2nd biochemical 
blood and urine samples were taken in the morning after 
the diagnostic night, after the completion of all the proce-
dures, at around 7:00–8:00 am. Serum creatinine, total and 
low-density lipoprotein (LDL) cholesterol, triglycerides, 
serum high-sensitivity C-reactive protein (hsCRP), and 
endothelium marker intercellular adhesion molecule-1 
(ICAM-1) were measured at baseline in the evening be-
fore the diagnostic night and all the measurements were 

Table 1. Clinical characteristics of the whole study population and the subgroups of patients with mild and moderate-to-severe OSA

Variable All patients Patients with 
mild OSA

Patients with moderate-to-severe 
OSA

p-value (mild vs moderate-to-
severe OSA)

Number of patients 86 (100%) 45 (52.3%)
41 (47.7%), including 13 with mild 

OSA and 28 with severe OSA

Age [years] 44.6 ±10.6 41.9 ±11.8 47.5 ±8.5 p = 0.01

BMI [kg/m2] 34.5 ±6.0 32.5 ±5.4 36.7 ±6.1 p = 0.02

WHR 1.05 ±0.08 1.02 ±0.08 1.08 ±0.07 p = 0.02

eGFR [mL/min/1.73 m2] 81.2 ±13.8 82.3 ±14.8 79.9 ±13.0 p = 0.03

Blood pressure [mm Hg]
systolic
diastolic

137.6 ±14.9
85.5 ±9.6

135.8 ±12.0
84.9 ±9.0

139.5 ±17.6
86.1 ±10.4

–

Hypertension and/or use 
of antihypertensive medication

45 (52.3%) 20 (44.4%) 25 (61%) –

Diabetes mellitus 11 (12.8%) 4 (8.9%) 7 (17.1%) –

Coronary artery disease 11 (12.8%) 7 (24.1%) 4 (9.76%) –

Number of patients with urine protein 
excretion >0.3 g/L

9 (10.5%) 3 (6.7%) 6 (14.6%) –

Active smokers 22 (25.6%) 10 (22.2%) 12 (29.3%) –

Antihypertensive treatment
ACEI
ARB
CCB
BB
α blockers
loop diuretics
thiazide diuretics
AA

40 (46.5%)
26 (30.2%)
9 (10.5%)

13 (15.1%)
16 (18.6%)

5 (5.8%)
17 (19.8%)

2 (2.3%)

17 (37.7%)
10 (17.2%)
3 (10.3%)
3 (10.3%)
7 (15.5%)
1 (2.2%)

5 (11.1%)
1 (2.2%)

23 (56.1%)
16 (39.0%)
6 (14.6%)

10 (24.4%)
9 (21.9%)
4 (9.8%)

12 (29.3%)
1 (2.4%)

–

Lipid-lowering therapy 18 (20.9%) 9 (20.0%) 9 (21.9%) –

AHI (events per 1 h of recorded sleep time) 32.1 ±28.5 11.2 ±12.3 38.3 ±20.7 p = 0.000

OSA – obstructive sleep apnea; BMI – body mass index; WHR – waist-hip ratio; eGFR – estimated glomerular filtration rate; CKD – chronic kidney disease; 
AHI – apnea-hypopnea index; ACEI – angiotensin-converting enzyme inhibitors; ARB – angiotensin receptor blockers; CCB – calcium channel blockers; 
BB – beta-adrenergic receptor blockers; AA – aldosterone receptor antagonists.
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repeated the morning after the diagnostic night. Urine 
markers including creatinine, cystatin C, NGAL, L-FABP, 
and KIM-1 were assessed in a sample of urine given before 
polysomnography protocol was started and in the morn-
ing after the polysomnography. The results of the mea-
surements of biomarkers in urine were expressed as ra-
tios per gram of urine creatinine to avoid the differences 
in the time and volume of urine collection. In the patients 
with mild-to-moderate OSA qualified for CPAP therapy, 
the same measurements were repeated in the morning 
after 6–8 weeks of the therapy. All the patients who were 
initially qualified completed the study procedures.

Serum and urine samples were stored at −70°C until 
analysis. All the measurements were performed in dupli-
cate. The intra- and inter-assay coefficients of variation 
were below 5% for the biomarkers that were measured. 
All the laboratory assessments were performed in 1 batch 
in our university central research lab to minimize analytic 
variations. Urine cystatin C was measured using an en-
zyme-linked immunosorbent assay (ELISA) (cystatin C hu-
man ELISA kits; BioVendor LLC, Candler, USA). Urinary 
NGAL was also measured with ELISA kits (Lipocalin-2/
NGAL Human ELISA kits; BioVendor LLC). The KIM-1 
and L-FABP were assessed with KIM-1 Human ELISA and 
L-FABP human ELISA kits (R&D Systems Clinical Con-
trols, Inc., Minneapolis, USA). Serum hsCRP and ICAM-
1-1 were measured using hsCRP Human ELISA kits and 
sICAM-1 Human ELISA kits respectively (both from Bio-
Vendor, LLC). Data regarding urine excretion of cystatin C, 

NGAL, L-FABP, and KIM-1 were expressed as nanograms 
per gram of creatinine. Serum and urine creatinine, total 
cholesterol, HDL- and LDL-cholesterol, triglycerides were 
measured using standard automated laboratory methods 
in our university central research lab using an Olympus 
AU 680 multianalyzer (Olympus Corp., Tokyo, Japan).

The statistical analysis was performed with STATIS-
TICA AXAP software, v. 9.1PL (StatSoft Polska, Kraków, 
Poland). The results were expressed as mean ± standard 
deviation (SD), and absolute changes of  the  variables 
as mean (95% confidence interval (95% CI)). P-values <0.05 
were considered significant. The t-test for independent 
samples was used to test between-group differences. For 
non-normally distributed variables, the Mann–Whitney 
rank test was used. For intragroup comparisons, a one-way 
analysis of variance (ANOVA) was used. Qualitative vari-
ables between groups were analyzed using χ2 test. Spear-
man’s test was used to analyze the correlations between 
AHI and urine biomarkers of AKI (NGAL, KIM-1, L-FABP, 
cystatin C) and serum ICAM-1.

Results

The patients with moderate-to-severe OSA and mild 
OSA did not differ with respect to SBP and DBP, MAP, pro-
teinuria, mean plasma glucose level, serum hsCRP, fasting 
total cholesterol, triglycerides and LDL cholesterol concen-
tration, hemoglobin concentration, or incidence of arterial 
hypertension. As shown in Table 1, significant differences 
between the groups were found with respect to age, body 
mass index (BMI), waist-to-hip ratio (WHR), and eGFR. 
The patients with moderate-to-severe OSA were signifi-
cantly older than the patients with mild OSA. Body mass, 
BMI and WHR were significantly higher in the moderate-
to-severe OSA patients than in the mild OSA group. Base-
line eGFR was lower in moderate-to-severe OSA patients 
compared to mild OSA patients.

As shown in Table 2, urine cystatin C was unchanged 
after the  polysomnography night in  the  whole study 
group and in both subgroups. Urine cystatin C measured 
in  the  first morning sample of  urine after 6–8  weeks 
of CPAP therapy decreased significantly.

Urine L-FABP did not change significantly throughout 
the study, including after 6–8 weeks of CPAP therapy 
in the moderate-to-severe OSA subgroup (Table 2). Urine 
NGAL excretion was significantly higher after the di-
agnostic night in the whole study group (p = 0.04) and 
in the mild OSA patients (p = 0.03) (Table 2). Urine KIM-1 
excretion significantly increased after the diagnostic night 
in patients with mild OSA (p = 0.000) and in the whole 
study group (p = 0.001), but not in the patients with more 
severe OSA. No significant changes of urine KIM-1 were 
observed after 6–8 weeks of CPAP treatment (Table 2). 
Serum ICAM-1 significantly decreased after the diagnos-
tic night in the mild OSA group (p = 0.02), as well after 

Fig. 1. Flowchart showing the study design

99 patients screened
for OSA

45 patients with
mild OSA

conservative
treatment

CPAP therapy
6–8 weeks

41 patients with
moderate-to-severe OSA

POLYSOMNOGRAPHY
„Diagnostic night”

Biochemistry
and AKI markers

„Therapeutic night”
Biochemistry

and AKI markers

86 patients assessed
for eligibility
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6–8 weeks of CPAP therapy in the moderate-to-se-
vere OSA group (p = 0.002) (Table 2). Serum hsCRP 
did not change significantly during the diagnostic 
night or in the further course of the study (Table 2).

Systolic blood pressure did not change signifi-
cantly at any time during the study. A significant 
decrease in DBP was observed after the diagnostic 
night in both the mild OSA patients (p = 0.005) and 
the moderate-to-severe OSA patients (p = 0.005). 
Diastolic blood pressure also decreased significantly 
after 6–8 weeks of CPAP treatment in the moderate-
to-severe OSA group. Similar significant changes 
were seen in MAP (Table 3).

Before the CPAP treatment, there was a significant 
positive correlation between AHI and the absolute 
change in serum ICAM-1 (R = 0.27, p = 0.009) and 
urine cystatin C (R = 0.27, p = 0.009) in all the sub-
jects. After the  6–8  weeks CPAP intervention, 
a significant negative correlation between AHI and 
the absolute change in urine L-FABP concentration 
(R = −0.35, p = 0.02) was revealed.

Discussion

The results of our study only partially support 
the concept that OSA may result in subclinical AKI 
and that the treatment of OSA with CPAP may re-
duce the  extent of  kidney damage and decrease 
blood pressure. The latter finding is not unexpect-
ed, since the treatment of OSA with CPAP resulted 
in a significant decrease in glomerular pressure and 
hyperfiltration.11 Comparable results were presented 
by Koga et al., who evaluated 27 patients with OSA 
but without CKD both before and 3 months after 
CPAP therapy, and found a small but a significant 
improvement in eGFR.13 In our study, there was 
a small but significant overnight increase in eGFR 
in  the patients with mild OSA, and that finding 
may also indirectly support the concept of hyper-
filtration caused by apneic episodes during sleep. 
In most of the studies that have been carried out so 
far, the impairment of kidney function in patients 
with OSA was assessed only with changes in stan-
dard markers such as the eGFR, serum creatinine, 
urinary albumin excretion, or a sodium thiosulphate 
and para-aminohippurate (PAH) double clearance 
test.11,13,14 We were able to identify only 1 very re-
cent publication in which a similar protocol to our 
study was used, showing elevated serum cystatin 
C and NGAL in patients with AKI at baseline, and 
the levels of these markers were positively correlated 
with OSA severity.15 Similar relations were not con-
firmed in our study, and that also applied to other 
sensitive AKI markers that we measured, including 
KIM-1 and L-FABP. The choice of AKI biomarkers Ta

bl
e 

2.
 S

er
um

 a
nd

 u
rin

e 
bi

om
ar

ke
rs

 o
f k

id
ne

y 
in

ju
ry

, e
nd

ot
he

lia
l f

un
ct

io
n 

an
d 

in
fla

m
m

at
io

n 
be

fo
re

 a
nd

 a
ft

er
 th

e 
di

ag
no

st
ic

 n
ig

ht
 w

ith
 p

ol
ys

om
no

gr
ap

hy
 in

 a
ll 

pa
tie

nt
s w

ith
 O

SA
 a

nd
 in

 su
bg

ro
up

s o
f p

at
ie

nt
s w

ith
 

m
ild

 a
nd

 m
od

er
at

e-
to

-s
ev

er
e 

O
SA

; t
he

 le
ve

ls 
of

 b
io

m
ar

ke
rs

 a
ft

er
 6

–8
 w

ee
ks

 o
f C

PA
P 

th
er

ap
y 

in
 m

od
er

at
e-

to
-s

ev
er

e 
O

SA

Va
ria

bl
e

A
ll

M
ild

 O
SA

M
od

er
at

e-
to

-s
ev

er
e 

O
SA

be
fo

re
 

di
ag

no
st

ic
 

ni
gh

t

af
te

r 
di

ag
no

st
ic

 
ni

gh
t

∆
di

ag
no

st
ic

 
ni

gh
t

be
fo

re
 

di
ag

no
st

ic
 

ni
gh

t

af
te

r d
ia

gn
os

tic
 

ni
gh

t
∆ 

di
ag

no
st

ic
 

ni
gh

t

be
fo

re
 

di
ag

no
st

ic
 

ni
gh

t

af
te

r 
di

ag
no

st
ic

 
ni

gh
t

∆ 
di

ag
no

st
ic

 
ni

gh
t

af
te

r
6–

8 
w

ee
ks

 o
f

CP
A

P 
th

er
ap

y
∆ 

CP
A

P 
th

er
ap

y

U
rin

e 
cy

st
at

in
 C

[n
g/

g 
cr

ea
tin

in
e]

43
1 

±
25

2
45

4 
±

21
5

23
.1

 [−
30

.1
;7

7.
1]

43
6 

±
28

1
43

2 
±

18
6

−
4.

7 
[−

93
.9

;8
4.

6]
42

6 
±

22
1.

8
47

9 
±

24
6

53
.6

 [−
6.

2;
11

3.
4]

36
9 

±
21

4¶
−

11
0 

[−
18

8;
−

32
]

U
rin

e 
L-

FA
BP

[n
g/

g 
cr

ea
tin

in
e]

12
.4

 ±
25

.1
9.

8 
±

8.
3

−
2.

6 
[−

8.
2;

2.
9]

10
.6

 ±
9.

4
9.

9 
±

8.
4

−
0.

67
 [−

3.
5;

2.
1]

14
.4

 ±
35

.3
9.

6 
±

8.
5

−
4.

8 
[–

16
.2

;6
.7

]
11

.3
 ±

20
.3

1.
7 

[−
4.

4;
7.

7]

U
rin

e 
N

G
AL

[n
g/

g 
cr

ea
tin

in
e]

46
.8

 ±
62

.9
60

.8
 ±

64
.7

*
14

.0
 [0

.2
;2

8.
6]

41
.7

 ±
45

.7
59

.4
 ±

67
.4

†
17

.7
 [0

.3
;3

4.
8]

52
.4

 ±
78

.4
62

.4
 ±

63
.3

10
.0

 [−
14

.8
;3

4.
8]

10
5.

2 
±

19
9.

8
42

.8
 [−

18
.4

;1
04

.0
]

U
rin

e 
KI

M
-1

[n
g/

g 
cr

ea
tin

in
e]

4.
6 

±
4.

1
6.

8 
±

5.
1*

*
2.

2 
[1

.3
;3

.1
]

3.
9 

±
3.

6
7.

0 
±

5.
5††

3.
1 

[1
.9

;4
.3

]
5.

5 
±

4.
6

6.
6 

±
5.

6
1.

2 
[−

0.
3;

2.
6]

 
6.

4 
±

5.
4

−
0.

2 
[−

1.
9;

1.
5]

Se
ru

m
 IC

AM
-1

[m
g/

L]
43

9.
9 

±
36

3.
0

38
0.

3 
±

22
9

−
59

.6
 [−

11
9;

1.
2]

46
6.

8 
±

44
6.

0
36

5.
8 

±
27

9.
0††

†
−

10
1 

[−
19

4;
−

8.
4]

41
0.

5 
±

25
1.

2
39

6.
2 

±
16

4
−

14
.3

 [−
89

;6
1]

27
6.

0 
±

14
3¶¶

−
12

0 
[−

17
5;

−
66

]

Se
ru

m
 h

sC
RP

 
[μ

g/
m

L]
77

.6
 ±

13
4.

8
93

.3
 ±

19
2.

5
15

.7
 [−

9.
9;

41
.3

]
70

.0
 ±

14
9.

7
82

.9
 ±

18
1.

2
13

.0
 [−

22
.4

;4
8.

3]
86

.0
 ±

11
9.

7
10

4.
7 

±
20

8.
0

18
.7

 [−
20

.1
;5

7.
5]

68
.8

 ±
10

6.
4

−
35

.8
 [−

98
.3

;2
6.

6]

eG
FR

CK
D

-E
PI

 [m
L/

m
in

/1
.7

3 
m

²]
81

.2
 ±

13
.8

86
.0

 ±
13

.6
**

*
4.

8 
[2

.8
;6

.8
]

82
.3

 ±
14

.8
86

.6
 ±

13
.5

††
††

4.
3 

±
9.

0 
[1

.6
;7

.0
]

79
.9

 ±
13

.0
85

.3
 ±

13
.9

#
5.

4 
[2

.3
;8

.4
]

84
.1

 ±
12

.0
−

1.
2 

[−
4.

7;
2.

2]

O
SA

 –
 o

bs
tr

uc
tiv

e 
sl

ee
p 

ap
ne

a;
 C

PA
P 

– 
co

nt
in

uo
us

 p
os

iti
ve

 a
irw

ay
 p

re
ss

ur
e;

 e
G

FR
 –

 e
st

im
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

; L
-F

AB
P 

– 
liv

er
-t

yp
e 

fa
tt

y 
ac

id
-b

in
di

ng
 p

ro
te

in
; N

G
AL

 –
 n

eu
tr

op
hi

l g
el

at
in

as
e-

as
so

ci
at

ed
 

lip
oc

al
in

; K
IM

-1
 –

 k
id

ne
y 

in
ju

ry
 m

ol
ec

ul
e 

1;
 IC

A
M

-1
 –

 e
nd

ot
he

liu
m

 m
ar

ke
r i

nt
er

ce
llu

la
r a

dh
es

io
n 

m
ol

ec
ul

e-
1;

 h
sC

RP
 –

 h
ig

h-
se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n.

 R
es

ul
ts

 p
re

se
nt

ed
 a

s m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

) o
r m

ea
n 

(9
5%

 c
on

fid
en

ce
 in

te
rv

al
 (9

5%
 C

I))
 fo

r a
bs

ol
ut

e 
ch

an
ge

s (
∆)

. S
ig

ni
fic

an
ce

 o
f t

he
 d

iff
er

en
ce

 a
ft

er
 v

s b
ef

or
e 

th
e 

di
ag

no
st

ic
 n

ig
ht

: 1
) a

ll 
pa

tie
nt

s: 
* 

p 
=

 0
.0

4;
 *

* 
p 

=
 0

.0
01

; *
**

 p
 =

 0
.0

01
; *

**
* 

p 
=

 0
.0

01
; 2

) m
ild

 O
SA

: †  p
 =

 0
.0

3;
 

††
 p

 =
 0

.0
00

; ‡‡
‡  p

 =
 0

.0
2;

 ‡‡
‡‡

 p
 =

 0
.0

03
; 3

) m
od

er
at

e-
to

-s
ev

er
e 

O
SA

: # 
p 

=
 0

.0
1.

 S
ig

ni
fic

an
ce

 o
f t

he
 d

iff
er

en
ce

 a
ft

er
 C

PA
P 

th
er

ap
y 

vs
 a

ft
er

 th
e 

di
ag

no
st

ic
 n

ig
ht

: m
od

er
at

e-
to

-s
ev

er
e 

O
SA

: ¶  p
 =

 0
.0

03
, ¶¶

 p
 =

 0
.0

02
.



M. Nowicki et al. Sleep apnea and acute kidney injury1070

in our research included the 4 most validated biomarkers 
of AKI.7,8 The biomarkers of AKI could be measured both 
in the urine and the plasma.7,8 In our study, in contrast 
to a study by Chuang et al.,15 we decided to measure urine 
markers of AKI, because most data from the literature 
have confirmed that in contrast to measurements in urine, 
plasma biomarkers show less specificity for AKI, since they 
also affected by non-renal factors such as the inflamma-
tory state itself.7,16

The time course of the changes in each biomarker after 
AKI is different.7,8,16 That important fact was taken into ac-
count in our study. We were, however, limited by the tim-
ing of the routine diagnostics of OSA and CPAP treat-
ment. Urinary NGAL has been found to increase 15-fold 
within 2 h and 25-fold 4 h and 6 h after cardiac surgery; 
urine L-FABP increased 6 h after an injury, and urine cys-
tatin C within 6 h; while urine KIM-1 had 90% sensitiv-
ity to detect cardiac surgery-associated AKI when tested 
2 h and 6 h after surgery.7,17–19 However, the complete time 
course of urinary levels for each urinary biomarker in AKI 
due to different or multiple renal injuries is unknown.7 
The samples in our study were collected after 8 h over-
night PSG, during which potential repeated AKIs caused 
by episodes of apnea were expected to occur.

McIlroy et al. found that urine NGAL best identified AKI 
in patients with normal baseline renal function.20 In that 
study, among the patients with baseline eGFR ≥ 60 mL/min, 
urinary NGAL was higher in those who developed AKI.20 
Our study population included only patients with 
eGFRCKD-EPI ≥ 60 mL/min; thus, the potential effect of OSA 
on subclinical kidney injury should have been noticeable 
in assessments of urine NGAL. Urine NGAL increased 
significantly during the diagnostic night in the whole study 
population and in the patients with mild OSA. Howev-
er, in patients with more advanced OSA, no significant 
changes in urine NGAL were seen during the diagnostic 
night, and 6–8 weeks of CPAP treatment induced no sig-
nificant effects on that parameter of kidney injury. We can 
only speculate that the lack of effect of CPAP on urine 
NGAL in the patients with more advanced OSA may be 

due to the fact that more severe disease may be associated 
with longer and more intensive ischemic “precondition-
ing” of the kidneys, making them resistant to subtle in-
sults caused by frequent apneic episodes during the night. 
The results on the relationship between NGAL as a marker 
of AKI and the severity of OSA have been conflicting since 
Cheung et al.15 reported a relationship between the two, 
but the authors of another study found that plasma NGAL 
may not serve as a specific biomarker of OSA in clinical 
practice, because the kidney injury induced by OSA may 
only slightly contribute to systemic NGAL secretion; se-
rum NGAL levels appeared to be influenced largely by oth-
er factors.21 We tried to overcome that limitation by mea-
suring urine NGAL instead of serum NGAL, but we were 
unable to identify any significant association between AHI 
and the overnight change in NGAL in our patients.

Urinary cystatin C  excretion is  another biomarker 
of AKI, since its excretion increases when the reabsorptive 
capacity of proximal tubular cells is impaired due to AKI.7 
There is little information on the association of OSA with 
serum or urine cystatin C levels. In our study, urine cys-
tatin C significantly decreased after 6–8 weeks of CPAP 
treatment, which may suggest that the treatment provides 
some nephroprotection, but longer observations would be 
needed to confirm that effect. Most studies to date have 
investigated serum levels rather than the urine excretion 
of this biomarker and have been focused on chronic rather 
than acute effects. Zhang et al. performed a cross-sectional 
study and showed that serum cystatin C was associated 
with the severity of OSA in younger men.22 In another 
study by Zhang et al., patients with severe OSA were re-
cruited and treated with CPAP for 3 months, and the au-
thors assessed serum cystatin C, creatinine and eGFR after 
the CPAP treatment. That study demonstrated that CPAP 
can decrease cystatin C levels in severe OSA patients and 
may prevent latent renal impairment.23 Additionally, Kato 
et al. found that severe OSA was independently associated 
with increased serum cystatin C concentration.24 Chuang 
et al.15 did not find any significant change of serum cystatin 
C after 6 months of CPAP treatment.

Table 3. Systolic, diastolic and mean blood pressure in the patients with OSA and in the subgroups of patients with mild and moderate-to-severe OSA

Parameter

All OSA Mild OSA Moderate-to-severe OSA

before 
diagnostic 

night

after 
diagnostic 

night

before 
diagnostic 

night

after 
diagnostic 

night

before 
diagnostic 

night

after 
diagnostic 

night

before 
therapeutic 

night

after 
therapeutic 

night 

SBP
[mm Hg]

137.6 ±14.9 136.5 ±14.7 135.8 ±12.0 135.2 ±12.3 139.5 ±17.6 138.1 ±17.1 137.8 ±14.5 135.8 ±13.0

DBP
[mm Hg]

85.5 ±9.6 82.5 ±9.4* 84.9 ±9.0 81.8 ±8.5‡‡ 86.1 ±10.4 83.2 ±10.4‡‡ 83.8 ±10.6# 81.2 ±9.3**

MAP
[mm Hg]

102.8 ±10.6 100.5 ±10.5‡‡ 101.8 ±9.1 99.6 ±9.1† 103.9 ±12.2 101.5 ±12.0† 101.7 ±11.4## 100.9 ±10.7 

OSA – obstructive sleep apnea; SBP – systolic blood pressure; DBP – diastolic blood pressure; MAP – mean arterial pressure. Significant differences after vs 
before the diagnostic night: * p = 0.001; ** p = 0.000; † p = 0.002; ‡‡ p = 0.005. Significant differences before therapeutic night No. 1 vs before diagnostic 
night: # p = 0.003; ## p = 0.002.
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Most novel biomarkers of AKI, such as urinary KIM-1 
and L-FABP, have not yet been extensively investigated. 
We were unable to identify any studies in which these novel 
biomarkers have been investigated in patients with OSA.

Serum ICAM-1 has traditionally been linked to endo-
thelial dysfunction associated with vascular injury, which 
is associated with OSA.25 In our study, we  found that 
6–8 weeks of CPAP treatment resulted in a significant 
decrease in serum ICAM-1 concentration in the patients 
with moderate-to-severe OSA. In 2 previous studies, se-
rum ICAM-1 was higher in patients with OSA26,27 and 
showed a positive correlation with the severity of OSA 
and in particular with the intensity of nocturnal hypox-
emia episodes.27 In a multiple logistic regression analysis, 
Ursavaş et al. revealed that OSA was associated with high 
ICAM-1 levels independently of age, sex, BMI, smoking 
status, and cardiovascular disease.28 Ohga et al. measured 
circulating ICAM-1 levels before and after long-term 
CPAP therapy in patients with OSA.29 They reported 
that 8 months of CPAP treatment was associated with 
a significant decrease in serum ICAM-1, and that ICAM-1 
was significantly related to  oxygen desaturation and 
nasal CPAP therapy. The influence of CPAP treatment 
on ICAM-1 levels was also studied by Chin et al.30 They 
confirmed that CPAP therapy significantly decreased 
serum ICAM-1 after 3 or 4 days, 1 month, or 6 months 
of treatment. Our results were concordant with the re-
sults of Wang et al., who confirmed that CPAP treatment 
decreased levels of ICAM-1 in patients with moderate 
and severe OSA.31

Although our study was not designed to analyze the re-
lationship between OSA and systemic inflammation, 
we measured serum CRP levels but did not find any sig-
nificant changes in this parameter after the diagnostic 
night in either group, or after CPAP therapy in the patients 
with moderate-to-advanced OSA. This result contrasts 
with most recent findings. The topic has been intensively 
studied, and a recent meta-analysis reported that patients 
with OSA develop a systemic inflammation.32

We also demonstrated a significant decrease in DBP 
and MAP after the diagnostic night in both of the study 
groups, while CPAP treatment favorably influenced 
only DBP. The  data from the  literature is ambiguous. 
Among the patients with OSA and resistant hypertension 
in the HIPARCO randomized clinical trial, CPAP treat-
ment for 12 weeks resulted in a decrease in 24-hour MAP 
and DBP, and an improvement in the nocturnal blood pres-
sure pattern.33 Likewise, Durán-Cantolla et al. reported 
that CPAP produced a small but statistically significant re-
duction in blood pressure in patients with systemic hyper-
tension and OSA.34 On the contrary, Muxfeldt et al. found 
that CPAP treatment had no significant effect on clinic 
or ambulatory blood pressure in patients with resistant 
hypertension and moderate-to-severe OSA.35

Our study has several strengths. This is the first study that 
has comprehensively analyzed most novel specific urine 

AKI biomarkers, including NGAL, KIM-1, L-FABP, and 
cystatin C, in patients with recurrent episodes of hypoxia 
and hypercapnia during sleep apneic episodes. Recruiting 
males for the study meant we assembled a homogenous 
population and avoided significant sex-related differences 
in several biomarkers, including urinary NGAL, of which 
women have higher levels.36 We also avoided age-related 
differences in urinary NGAL levels and the effect of age-re-
lated kidney function decline, since we enrolled only males 
aged 40–59. We also carefully excluded patients with leu-
kocyturia, systemic inflammation, glucocorticoid therapy, 
advanced CKD, and proteinuria >1.0 g/24 h/1.73 m2 body 
surface, which may have influenced the results of urinary 
NGAL and cystatin C.

Our study has also several limitations. The  issue 
of the time lag between renal injury and urine sampling 
may have had a significant impact on the results, since uri-
nary NGAL levels vary greatly depending on their proximity 
in time to ischemic injury. In studies where NGAL was mea-
sured after cardiac bypass surgery, NGAL was elevated for 
at least 24 h after injury, but appeared to peak at ~6 h after 
an insult. Therefore, if the injury occurred acutely or a long 
time after OSA, an increase in urinary NGAL may have 
been missed. A relatively short duration of CPAP therapy 
may also be a limitation of the study. Even with the biomark-
er-aided improvement in risk stratification, we are unable 
to assess the potential implications of CPAP for clinical 
management without a prospective randomized trial.

In summary, we found that OSA may cause subclini-
cal AKI, mainly in patients with mild OSA. The CPAP 
therapy may reduce the extent of the injury, but prospective 
randomized trials are required to confirm the potential 
implications of our results for the management of sleep 
apnea in patients with renal function impairment.
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