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Objective: The relationship between obstructive sleep apnea (OSA) and cardiovascular diseases has been reported in several studies. However, little is known about the effects of OSA on pathophysiological processes in the lung. This study examined the association between OSA
and serum levels of Krebs von den Lungen-6 (KL-6), which may reflect the degree of subclinical lung injury, according to the severity of OSA.
Methods: Forty adults who were diagnosed with OSA using type 1 polysomnography were included in this study. Patients with pulmonary diseases, cardiovascular diseases except well-controlled hypertension, or other significant medical conditions were excluded. Results: Of the 40
patients with OSA, 10 had mild OSA [5≤apnea–hypopnea index (AHI)<15), and 30 had moderate-to-severe OSA (AHI≥15). There were no significant differences in gender, age, smoking history, body mass index, neck circumference, and waist circumference between those with mild
and those with moderate-to-severe OSA. The median serum level of KL-6 differed significantly between the mild and moderate-to-severe
OSA groups [180.8 (135.3, 213.8) vs. 281.5 (171.3, 410.6) U/mL, p=0.018]. After multiple regression analysis, the final model showed that
smoking amount (beta=2.626, p=0.012) and AHI≥15 (beta=2.256, p=0.031) were significant predictors of KL-6. Conclusion: Serum KL-6
levels were significantly elevated in moderate-to-severe OSA compared with mild OSA, independent of smoking and other factors. OSA is associated with lung injury, and KL-6 shows potential as a clinical biomarker.
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INTRODUCTION
Obstructive sleep apnea (OSA) is characterized by repetitive
upper airway narrowing or collapse during sleep, which causes
intermittent hypoxia and sleep fragmentation [1,2]. OSA affects
approximately 3.2–4.5% of the Korean population and is associated with significant morbidity and mortality [3]. However, up to
80% of moderate or severe OSA cases are undiagnosed despite
adequate access to medical services [4,5].
The relationship between OSA and cardiovascular diseases has
been reported in several studies [6-8]. However, little is known
about the effects of OSA on pathophysiological processes in the
lung [9-11]. Repeated mechanical trauma related to upper airway
occlusion, accelerated systemic inflammation, and intermittent
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nocturnal hypoxia lead to increased airway inflammation, oxidative stress, and apoptosis [9,12,13]. Oxidative stress in the alveoli
may lead to epithelial and endothelial cell injury and increase alveolar wall permeability in the lungs [14,15].
Krebs von den Lungen-6 (KL-6) is a high-molecular-weight mucin-like glycoprotein produced by type II pneumocytes and bronchial epithelial cells [16]. Serum levels of KL-6, which may reflect
the degree of subclinical lung injury, have been shown to have a
possible association with OSA [17,18]. However, only a few studies have reported this association, and the number of subjects in
each study was relatively small.
In this study, we examined the association between OSA and
lung injury using KL-6 and assessed the usefulness of KL-6 as a
clinical biomarker.
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METHODS
Subjects

A total of 73 patients over 18 years of age who were diagnosed
with OSA at Eunpyeong St. Mary’s Hospital using type 1 polysomnography (PSG) were originally recruited. PSG was performed
in the sleep laboratory of Eunpyeong St. Mary’s Hospital. The diagnosis and measurement of the severity of OSA were performed
according to the definition of the American Academy of Sleep
Medicine [1]. The exclusion criteria were the presence of pulmonary diseases such as asthma, chronic obstructive pulmonary
disease (COPD), or interstitial lung disease; cardiovascular diseases except well-controlled hypertension; and other significant
medical conditions such as diabetes mellitus, thyroid disease,
liver disease, chronic kidney disease, and malignant tumors. After these exclusions, 40 patients were enrolled in the present study.
Approval was obtained from the Institutional Review Board of
Eunpyeong St. Mary’s Hospital (PC20SISI0151). Written informed
consent was obtained from all the participating patients.

Clinical measurements

Demographic data including gender, age, body mass index
(BMI), neck circumference, and waist circumference were collected. Smoking status was assessed based on the amount of
smoking. Never-smokers were defined as those who had smoked
fewer than 100 cigarettes in their lifetime [19]. Ex-smokers were
defined as those who had quit smoking more than 6 months before the survey [20]. Pack-years were used to determine the amount
of smoking. The presence of hypertension as well as the systolic
blood pressure (SBP) and diastolic blood pressure (DBP) before
PSG were checked. Total sleep time, sleep efficiency, the apnea–
hypopnea index (AHI), nadir peripheral capillary oxygen saturation (SpO2), and mean SpO2 were determined based on the results of PSG. The Epworth Sleepiness Scale (ESS) was administered
before PSG.

KL-6 measurement

Serum levels of KL-6 were measured using monoclonal antibody-based commercial enzyme-linked immunosorbent assay
kits (MyBioSource, San Diego, CA, USA) according to the manufacturer’s instructions. Results were obtained using an automated immunoassay system (Multimode microplate reader, Infinite
M200 Pro, Tecan, Switzerland). KL-6 has been widely studied
and used as a diagnostic and prognostic biomarker for interstitial
lung disease. However, serum levels of KL-6 are also elevated in
a variety of respiratory and non-respiratory conditions, including breast and pancreatic cancer and diabetes mellitus [21].

Data analysis and statistics

The mean and standard deviation were computed for normally
distributed continuous variables, and the median and interquartile range (IQR; 25th to 75th percentile) for non-normally distributed continuous data. Categorical data are presented as numbers
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and percentages. To compare clinical data between subgroups, Student’s t-test was performed for normally distributed data, and the
Mann–Whitney U-test for non-normally distributed data. Categorical variables were compared using the chi-square or Fisher’s
exact test, as appropriate. Missing values were excluded from the
analyses. Simple and multiple linear regression analyses were performed to identify independent clinical predictors of KL-6. Clinical parameters with p-values <0.2 on simple regression analysis
were included in the multiple linear regression analysis. Stepwise
backward elimination and all-subsets regression were performed
to select the final model. Statistical analyses were performed using R software (ver. 3.5.3; R Core Team, R Foundation for Statistical Computing, Vienna, Austria). In all analyses, p<0.05 was
taken to indicate statistical significance.

RESULTS
Basic patient characteristics

Table 1 summarizes the basic patient characteristics. Of the 40
patients with OSA, 10 had mild OSA (5≤AHI<15), and 30 had
moderate-to-severe OSA (AHI≥15). The percentage of males was
72.5%. The mean age and median BMI were 53.6±17.1 years and
27.7 (24.9, 30.4) kg/m2, respectively. There were no significant
differences in gender, age, BMI, neck circumference, and waist
circumference between the mild and moderate-to-severe OSA
groups. Similarly, there were no significant differences in smoking status or the total amount of smoking between the mild and
moderate-to-severe OSA groups. Among all subjects, 37.5% had
hypertension. The mean SBP and DBP were 124.2±11.3 mm Hg
and 82.0±10.2 mm Hg, respectively. In addition, there were no significant differences in the percentage of patients with hypertension or the SBP or DBP between the mild and moderate-to-severe OSA groups. PSG data showed that the mean AHI scores in
the mild and moderate-to-severe OSA groups were 8.7±4.6 and
46.4±24.6, respectively (p< 0.001). The median nadir SpO2 during
sleep was 88.5% (88.0, 91.0) and 81.5% (76.0, 86.0) in the mild
and moderate-to-severe OSA groups, respectively (p<0.001).
There was no significant difference in ESS scores between the two
groups. However, the median serum level of KL-6 differed significantly between the mild and moderate-to-severe OSA groups
[180.8 (135.3, 213.8) U/mL and 281.5 (171.3, 410.6) U/mL, respectively; p=0.018] (Figure 1A).

Basic patient characteristics according to gender

Table 2 shows the basic characteristics of subjects according to
gender. Although the serum level of KL-6 did not differ significantly between the mild and moderate-to-severe OSA groups for
each gender, higher values were obtained for the moderate-to-severe OSA group compared to the mild OSA group. Other indicators exhibited the same trends as before the analysis according to
gender.

66 / CIM

Biomarker in Obstructive Sleep Apnea

Clinical parameters associated with KL-6 in patients with
OSA

1B), and moderate-to-severe OSA were associated with p-values
<0.2. After multiple regression analysis, the final model showed
that smoking amount (beta=2.626, p=0.012) and the presence of
moderate-to-severe OSA (beta=2.256, p=0.031) were significant
predictors of the KL-6 level.

Multiple linear regression analysis was performed to assess the
associations of serum KL-6 with clinical parameters including
AHI (Table 3). After simple regression analysis, gender, neck circumference, waist circumference, smoking amount, AHI (Figure
Table 1. Basic characteristics of the study subjects

Characteristics

Mild OSA (n=10)
5 (50.0)
55.8±21.1
26.9 [22.9, 28.7]
38.5 [34.0, 41.0]
98.5 [90.0, 104.0]

Moderate-to-severe OSA (n = 30)
24 (80.0)
52.8±15.9
29.0 [25.5, 30.4]
38.0 [37.0, 41.0]
98.0 [90.0, 110.0]

p-value
0.152
0.642
0.310
0.686
0.479
0.505

Male
Age (years)
BMI (kg/m2)
Neck circumference (cm)
Waist circumference (cm)
Smoking
Never-smoker
6 (60.0)
13 (43.3)
Current smoker
1 (10.0)
8 (26.7)
Ex-smoker
3 (30.0)
9 (30.0)
Amount of smoking (PYRS)
0.0 [0.0, 20.0]
8.5 [0.0, 15.0]
0.765
Hypertension
3 (30.0)
12 (40.0)
0.850
SBP (mm Hg)
128.2±11.1
122.9±11.2
0.200
80.9±9.9
0.281
DBP (mm Hg)
85.0±11.0
Total sleep time (min)
340.9±58.1
313.7±62.9
0.236
Sleep efficiency (%)
87.8 [77.1, 94.8]
82.4 [72.1, 90.4]
0.272
AHI (events/h)
8.7±4.6
46.4±24.6
<0.001*
SpO2, nadir (%)
88.5 [88.0, 91.0]
81.5 [76.0, 86.0]
<0.001*
SpO2, mean (%)
95.5 [95.0, 96.0]
93.0 [90.0, 94.0]
<0.001*
0.985
9.3±4.6
Epworth Sleepiness Scale
9.3±4.9
Krebs von den Lungen-6 (U/mL)
180.8 [135.3, 213.8]
281.5 [171.3, 410.6]
0.018*
Data are presented as n (%), mean±standard deviation, or median [interquartile range]. *p<0.05. OSA: obstructive sleep apnea, BMI: body mass
index, PYRS: pack-years, SBP: systolic blood pressure, DBP: diastolic blood pressure, AHI: apnea–hypopnea index
*
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Figure 1. Relationship between serum KL-6 and AHI in patients with OSA. A: Box plots of serum KL-6 levels in the mild and moderateto-severe OSA groups. The median serum level of KL-6 differed significantly between the mild and moderate-to-severe OSA groups
[180.8 (135.3, 213.8) vs. 281.5 (171.3, 410.6) U/mL, p=0.018] (*p<0.05). B: Scatter plot with a regression line representing the relationship between the serum KL-6 level and the AHI. Each data point represents one study subject. There was no significant correlation between KL-6 and the AHI (p=0.128). KL-6: Krebs von den Lungen-6, OSA: obstructive sleep apnea, AHI: apnea–hypopnea index.
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Table 2. Basic characteristics of subjects according to gender

Mild OSA
(n=5)

Female
Moderate-to-severe
OSA (n=6)

p-value

Mild OSA
(n=5)

Male
Moderate-to-severe
OSA (n=24)

p-value

Age (years)
56.2±23.7
65.8±10.5
0.391
55.4±21.1
49.6±15.5
0.479
BMI (kg/m2)
26.7±7.2
27.4±2.3
0.852
27.5 [27.2, 28.7]
29.5 [25.6, 31.8]
0.603
Smoking
1.000
0.535
Never smoker
5 (100.0)
5 (83.3)
1 (20.0)
8 (33.3)
Current smoker
0 (0.0)
0 (0.0)
1 (20.0)
8 (33.3)
Ex-smoker
0 (0.0)
1 (16.7)
3 (60.0)
8 (33.3)
Amount of smoking (PYRS)
0.0 [0.0, 0.0]
0.0 [0.0, 0.0]
0.465
20.0 [15.0, 20.0]
10.0 [0.0, 20.0]
0.213
Neck circumference (cm)
35.0±2.5
35.7±1.9
0.628
41.0 [40.0, 43.0]
39.0 [38.0, 41.5]
0.237
Waist circumference (cm)
93.8±10.9
94.3±6.8
0.923 104.0 [97.0, 104.0]
102.0 [90.5, 111.0]
0.719
Hypertension
2 (40.0)
5 (83.3)
0.391
1 (20.0)
7 (29.2)
>0.999
SBP (mm Hg)
124.0 [120.0, 130.0] 120.0 [120.0, 130.0] 0.922 130.0 [128.0, 140.0] 120.0 [119.0, 130.0]
0.088
DBP (mm Hg)
79.2±10.2
81.7±7.5
0.654
90.8±9.1
80.7±10.5
0.059
Total sleep time (min)
326.9±72.3
305.8±74.3
0.647
354.9±43.3
315.7±61.4
0.188
Sleep efficiency (%)
82.3±13.9
72.4±15.8
0.307
90.6 [85.1, 94.8]
84.0 [78.2, 91.0]
0.295
AHI (events/h)
8.1±5.5
29.0±9.1
0.002*
9.3±4.1
51.1±24.8
<0.001*
SpO2, nadir (%)
90.2±2.2
83.8±3.7
0.008*
88.0 [88.0, 89.0]
79.0 [75.5, 86.0]
0.026*
SpO2, mean (%)
96.2±0.8
93.8±2.1
0.046*
95.0 [95.0, 95.0]
93.0 [90.0, 93.5]
0.010*
Epworth Sleepiness Scale
8.0 [7.0, 10.0]
6.0 [6.0, 7.0]
0.160
8.2±3.6
9.8±4.7
0.484
Krebs von den Lungen-6 (U/mL)
168.3±48.2
252.4±119.1
0.175 190.3 [137.7, 213.8] 292.6 [179.1, 426.6]
0.068
Data are presented as n (%), mean±SD, or median [interquartile range]. *p<0.05. OSA: obstructive sleep apnea, BMI: body mass index, PYRS: packyears, SBP: systolic blood pressure, DBP: diastolic blood pressure, AHI: apnea–hypopnea index.
Table 3. Clinical parameters associated with Krebs von den Lungen-6 in patients with OSA

Simple regression
Multiple regression (R2=0.326, p=0.008)
Beta
SE
p-value
Beta
SE
p-value
Female
-1.420
0.35
0.164
-0.118
0.42
0.907
Neck circumference
1.321
0.16
0.195
-1.002
0.28
0.324
Waist circumference
1.947
0.16
0.059
1.780
0.22
0.085
Amount of smoking
2.594
0.15
0.014*
2.626
0.18
0.012*
AHI
1.558
0.16
0.128
-1.091
0.23
0.283
Moderate-to-severe OSA
2.259
0.15
0.030*
2.256
0.2
0.031*
*p<0.05. R2: adjusted R2 from the multiple linear regression model, SE: standard error, AHI: apnea–hypopnea index, OSA: obstructive sleep apnea

DISCUSSION
In this study, we examined the potential of KL-6 as a biomarker of subclinical lung injury in patients with OSA. Our results revealed significantly higher serum KL-6 levels in patients with moderate-to-severe OSA than in those with mild OSA. Similar trends
were observed in subgroup analysis based on gender. After adjusting for other factors, the amount of smoking and the presence
of moderate-to-severe OSA were significantly related to serum
KL-6 levels in OSA patients.
OSA is well known for its numerous health outcomes and physiological effects, particularly cardiovascular disease [6,22]. Intermittent hypoxemia (IH), sympathetic activation, endothelial dysfunction, a depressed baroreflex sensitivity, and increased platelet
aggregability are proposed mechanisms related to increased cardiovascular morbidity in OSA patients [22]. However, little is
known about the effects of OSA on pathophysiological changes

in the lung. Intrathoracic pressure swings, IH, and repeated collapse of the upper airway affect the structure and function of the
respiratory tract, resulting in local inflammation, remodeling, and
hyperreactivity [23-25]. IH likely leads to oxidative stress and generates reactive oxygen species, which may play an important role
in activating the inflammatory response [26]. Animal studies
have shown that IH exposure results in lung damage caused by
oxidative stress, inflammation, and apoptosis [9,13]. In patients
with severe OSA, the level of nitric oxide in exhaled breath, which
is an important mediator of airway inflammation, was higher
compared to that in the controls [27].
The effects of OSA on pulmonary diseases such as COPD and
idiopathic pulmonary fibrosis (IPF) have begun to be studied. The
presence of both OSA and COPD (the so-called “overlap syndrome”) causes more severe nocturnal hypoxemia and a greater
risk for morbidity and mortality compared to either COPD or
OSA alone [28,29]. The worsening impact of OSA in patients
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with IPF has also been suggested in several clinical and experimental studies [30,31]. Taken together, these findings indicate
that OSA has a significant impact on lung health.
KL-6 has been reported as a sensitive marker for interstitial lung
diseases such as IPF, connective tissue disease-associated interstitial lung disease, hypersensitivity pneumonitis, and pulmonary
sarcoidosis [32]. Increased levels of KL-6 reflect the extent of lung
damage and regeneration of type II pneumocytes. A few studies
have investigated the association between serum KL-6 and OSA.
Lederer et al. [18] checked the plasma KL-6 levels in 11 OSA and
10 control patients. Although the sample size was limited, they
found median KL-6 levels of 317 (232, 506) U/mL in the OSA
group and 226 (179, 257) U/mL in the control group (p=0.003).
Aihara et al. [17] showed that the AHI was significantly positively correlated with serum KL-6 levels even after adjustment for
BMI and smoking (p=0.03). However, with nonsmoking subjects,
Liang et al. [33] reported no significant difference in KL-6 between
groups with high hypopnea index scores and those with low scores.
In our study, the serum level of KL-6 was significantly higher in
patients with moderate-to-severe OSA compared to those with
mild OSA. After adjusting for other significant factors including
smoking, moderate-to-severe OSA was a significant independent
predictor of KL-6 levels. However, there was no significant relationship between the AHI and KL-6 in our study. Patients with
OSA are often heterogenous, and this heterogeneity is not captured by AHI alone. In addition, the nadir SpO2 and mean SpO2
were not significantly correlated with KL-6.
Our study has several limitations. First, the study population
was small. Serum levels of KL-6 are influenced by a variety of respiratory and non-respiratory conditions. To exclude the effects
of factors other than OSA, we excluded OSA patients who had
pulmonary diseases, cardiovascular diseases except well-controlled hypertension, or significant comorbidities such as diabetes. Thus, many OSA patients who had comorbid conditions were
excluded from the study. Second, we did not directly check the
severity of lung injury, such by measuring cell counts, cytokines,
and KL-6 in bronchoalveolar lavage fluid. Although serum KL-6
reflects the extent of lung damage, it is not always possible to conclude that there is a clear lung injury based on the KL-6 level. Third,
presence of moderate-to-severe OSA was a significant independent predictor of serum KL-6 in this study. However, there was no
significant relationship between the AHI and KL-6. The relationships between various sleep disorder indicators and KL-6 should
be studied further.
In summary, serum KL-6 was significantly elevated in patients
with moderate-to-severe OSA compared to those with mild OSA,
independent of smoking and other factors. This study showed
that OSA affects lung injury and that KL-6 may be a useful clinical biomarker in OSA patients. Further studies are needed to identify lung-specific biomarkers and detailed mechanisms in OSA.
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