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Purpose: Prior research suggests a link between obstructive sleep apnea (OSA) and the likelihood of

developing a variety of solid tumors; however, there are no studies assessing OSA and leukemia. This

study is the first to identify a potential association between OSA and leukemia using data from the Korea

National Health Insurance Service database.

Methods: A total of 162,646 patients (�20 years of age and without any cancer history) newly diagnosed

with OSA between 2011 and 2017 were included. A control group of 813,230 subjects was selected using

propensity score matching based on age and sex. The mean follow-up time was 4.4 ± 2.0 years. The

primary endpoint was newly diagnosed leukemia of any type. The leukemia hazard ratio (95% confidence

interval [CI]) was calculated for patients with OSA and compared with that of patients in the control

group.

Results: The incidence of leukemia among patients with OSA was significantly higher than that in the

controls (1.35 [1.05e1.74]). The hazard ratio was the highest, 1.74 in those under 40 years, and gradually

decreased with age, to 1.38 in those aged 40e65 years and 0.96 in those over 65. In particular, the

incidence of lymphoid leukemia (2.06 [1.18e3.60]) was higher than that of myeloid (1.34 [1.00e1.81]) or

unspecified leukemia (0.60 [0.20e1.58]).

Conclusion: OSA is associated with an increased incidence of leukemia, particularly in patients younger

than 40 years of age.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive

upper airway collapse during sleep. It is a common disorder

worldwide, affecting over 4% of men and 2% of women [1,2]. Many

studies have shown the increased prevalence of OSA, which could

be due to potential associations between intermittent sleep apnea

and systemic diseases affecting nearly every organ system. Cancer

is a major public health problem worldwide: approximately 21% of

men and 18% of women will be diagnosed with cancer at some

point during their lives [3]. Recently, severe OSA has been found to

correlate with heightened risk of cancers of the prostate, uterus,

lung, thyroid, and kidney, and malignant melanoma [4].

Globally, about 300,000 new cases of leukemia, accounting for

2.8% of all new cancer cases, are diagnosed each year [5]. Leukemia

is a heterogeneous group of hematopoietic cancers that are diverse

and biologically distinct. InWestern countries, chronic lymphocytic

leukemia (CLL) is the most frequent type of leukemia (25% of cases),

chronic myelogenous leukemia (CML) represents 20% of cases, and

acute myelogenous leukemia (AML) represents 20% of cases [5]. In

the USA, a higher incidence of acute lymphocytic leukemia (ALL)

and AML occurs among whites than blacks, and a higher incidence

occurs among males than females [6].

Although the cause of most acute leukemias is unknown, major

factors have been identified, including ionizing radiation, certain

* Corresponding author. Department of Otorhinolaryngology-Head & Neck Sur-

gery College of Medicine, Konkuk University 4-12 Hwayang-dong, Gwangjin-gu,

05030, Seoul, South Korea.

E-mail address: jaehoon@kuh.ac.kr (J.H. Cho).

Contents lists available at ScienceDirect

Sleep Medicine

journal homepage: www.elsevier .com/locate/s leep

https://doi.org/10.1016/j.sleep.2022.05.009

1389-9457/© 2022 Elsevier B.V. All rights reserved.

Sleep Medicine 96 (2022) 113e118

mailto:jaehoon@kuh.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2022.05.009&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleep.2022.05.009
https://doi.org/10.1016/j.sleep.2022.05.009
https://doi.org/10.1016/j.sleep.2022.05.009


types of chemicals and organic solvents such as benzene, and at

least one virus, namely human T-cell leukemia/lymphoma virus

type 1 [7]. Recent studies have explored the relationship between

leukemia and OSA [8,9]. Stimac et al. reported a case of OSA with

CLL presenting severe snoring and fatigue and encouraged clini-

cians to consider a diagnosis of OSA in patients with leukemia

presenting worsening fatigue [8]. Luskin et al. evaluated ques-

tionnaires about sleep and fatigue in patients with myelodysplastic

syndromes and showed that sleep disturbance and fatigue pre-

dicted the overall survival in the patients [9]. However, there has

been no study to determine whether OSA is a risk factor for the

development of leukemia.

The Korea National Health Insurance Service (KNHIS) database

has recently become available for research purposes [10e12]. The

KNHIS is a national insurer managed by the Korean government

that covers nearly the entire population; hence, it can provide

follow-up data on over 50 million people [10e12]. The purpose of

this study was to investigate whether the occurrence of leukemia

increased in OSA patients compared to controls through this long-

term, large-scale cohort.

2. Materials and methods

2.1. Data source

The KNHIS is a public medical insurance system that covers

approximately 97% of Koreans [9]. It is managed by the Korean

government, which insures nearly the entire population of South

Korea, providing long-term data for more than 50 million people.

The KNHIS provides robust data on the diagnoses, interventions,

prescriptions, and patient demographics. The database utilizes the

Korean Classification of Diseases, 6th edition, which is a modified

version of the International Classification of Diseases, 10th edition

(ICD-10). Researchers can use the KNHIS data after approval by the

local Institutional Review Board.

2.2. Study population and design

We defined the OSA group as patients aged �20 years with

newly diagnosed OSA between 2011 and 2017. We used propensity

score matching by age and sex in subjects who were not diagnosed

with OSA to select the 5-fold size control group. Due to computing

power limitations, propensity scoring matching that considered

more variables was impossible. The primary endpoint of this study

was the incidence of newly diagnosed leukemia. We excluded pa-

tients diagnosed with any type of cancer prior to enrollment or

developed leukemia within 1 year of their OSA diagnosis. The

flowchart shows the enrollment process for this study (Fig. 1).

2.3. Data collection

Wecollected the followingbaselinedata fromtheKNHISdatabase:

age (years) and income level (classified by quintile based on health

insurance premium payments). Data on comorbidities, including

diabetes, hypertension, dyslipidemia, myocardial infarction, conges-

tive heart failure, stroke, and chronic obstructive pulmonary disease

were also collected using insurance claim data (Table 1).

2.4. Statistical analysis

Data are presented as mean ± standard deviation for age and as

proportions for the remaining categorical variables. Comparisons

between two groups were made using Student’s t-test or chi-

squared test. A cumulative incidence plot was drawn to deter-

mine the difference in the crude incidence of leukemia according to

the presence or absence of OSA. The incidence of leukemia was

calculated by dividing the number of events by the person-time

product at risk. The Cox proportional hazards model was used to

determine the hazard ratio of OSA on the relative incidence of

leukemia. We used two different models: Model 1 was not adjusted

for any covariates; model 2 was adjusted for income level, diabetes,

hypertension, and dyslipidemia statuses. In addition, we analyzed

the differences in hazard ratios according to age and sex. Addi-

tionally, leukemia was broadly classified into lymphoid, myeloid,

and unspecified types, and the hazard was calculated separately.

The results are presented as mean and 95% confidence interval (CI).

All statistical analyses were performed using SAS version 9.4 (SAS

Institute, Cary, NC, USA) and R version 3.2.3 (The R Foundation for

Statistical Computing, Vienna, Austria).

2.5. Ethical approval

The informed consent was waived by the Institutional Review

Board of Konkuk University Hospital because of the use of publicly

available data (KUMC 2020-03-040).

3. Results

3.1. Demographic

Between 2011 and 2017, 186,828 patients were newly diagnosed

with OSA, and 162,646 patients were analyzed. We selected

813,320 subjects as controls (Fig. 1). The mean follow-up period

Abbreviations:

ALL acute lymphocytic leukemia

AML acute myelogenous leukemia

CI confidence interval

CLL chronic lymphocytic leukemia

CML chronic myelogenous leukemia

ICD-10 International Classification of Diseases, 10th

edition

KNHIS Korea National Health Insurance Service

OSA obstructive sleep apnea

Fig. 1. Enrollment flowchart

OSA: obstructive sleep apnea.
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was 4.4 ± 2.0 years. The enrollment flowchart and demographic

data are summarized in Fig. 1 and Table 2, respectively.

3.2. Incidence of leukemia for the OSA group and controls

The cumulative incidence plot shows the incidence of leukemia

without adjustment. Leukemia, especially lymphoid leukemia,

occurred more frequently in the OSA group than in the control

group (Table 3 and Fig. 2).

3.3. Hazard ratio of the OSA group to the control group for the

incidence of leukemia

In both models, the Cox proportional hazards model showed a

significant hazard ratio for leukemia incidence in the OSA group.

The hazard ratio in Model 1 (not adjusted) was 1.38 (95% CI

1.08e1.77), and was similar even after adjusting for income level

and various covariates (diabetes, hypertension, and dyslipidemia)

in Model 2. The results of Model 2 were the same even when

additional comorbidities were added (data not shown). We also

calculated the hazard ratio based on leukemia type. Although the

hazard ratio of the lymphoid type was greater than that of the

myeloid type (2.06 vs 1.34), it could not be concluded that there

was a significant difference because the 95% CI was overlapped. The

hazard ratio was highest in patients aged 20e40 years (1.74, 95% CI

0.98e3.07), and gradually decreased with age. The hazard ratios for

men and womenwere 1.32 and 1.52, respectively, and there was no

significant difference. These results are summarized in Tables 4 and

5, respectively.

4. Discussion

Numerous studies have demonstrated a global increase in the

prevalence of sleep disorders, which is potentially associated with

various systemic diseases affecting nearly every organ system

[1e3]. As part of such trends, recent studies have demonstrated

OSAmay be linked to increased risk for developing cancer as well as

affecting cancer progression [13]. Different components of sleep,

such as sleep duration, sleep quality, circadian rhythm, and sleep

pattern, can affect the incidence and progression of cancer [13,14].

Theoretically, repetitive blockage of the airway through chronic

intermittent hypoxia can promote a neovascularization process

encouraging rapid tumor growth in cancer patients. This theory

was also evidenced by a mouse model of OSA in which cancer cells

under chronic intermittent hypoxia have shown accelerated cancer

growth [15].

Several prior studies have uncovered associations between OSA

Table 1

Working definitions derived from insurance claims data.

Disease Working definition

Obstructive sleep apnea at least one claim under ICD-10 code G47.3

Leukemia at least one claim under ICD-10 code C91-95 and registered as a cancer patient in the National Medical Expenses Support Program

Lymphoid Leukemia C91

Myeloid Leukemia C92,C93,C94

Unspecified Leukemia C95

Diabetes at least one claim per year for the prescription of diabetes medication under ICD-10 code E11-14

Hypertension at least one claim per year for the prescription of hypertension medication under ICD-10 code I10-13 or I15

Dyslipidemia at least one claim per year for the prescription of dyslipidemia medication under ICD-10 code E78

Myocardial infarction at least one claim under ICD-10 code I21 or I22

Congestive heart failure ICD-10 code I50

Stroke at least one claim under ICD-10 code I63 or I64

Chronic obstructive pulmonary

disease

at least one claim under ICD-10 code J41, J42, J43, or J44

ICD-10: International Classification of Diseases, 10th edition.

Table 2

Demographics of patients with OSA and controls.

OSA Controls

N % N % ASD p-value

162,646 100.0 813,230 100.0

Mean age (years) 45.9 ± 13.1 45.9 ± 13.1 0 1.000

Age �65 years 13,375 8.2 66,875 8.2 0 1.000

Men 127,370 78.3 636,850 78.3 0 1.000

Income in the lowest quintile 24,523 15.1 158,370 19.5 0.117 < 0.001

Diabetes 11,944 7.3 51,552 6.3 0.040 < 0.001

Hypertension 42,107 25.9 131,625 16.2 0.240 < 0.001

Dyslipidemia 32,378 19.9 89,285 11.0 0.249 < 0.001

Myocardial infarction 1,539 1.0 3,574 0.4 0.061 < 0.001

Congestive heart failure 3,649 2.2 7,100 0.9 0.111 < 0.001

Stroke 4,905 3.0 11,237 1.4 0.112 < 0.001

Chronic obstructive pulmonary disease 12,733 7.8 35,626 4.45 0.144 < 0.001

OSA: obstructive sleep apnea /ASD: absolute standardized mean difference.

Table 3

Cumulative incidence of leukemia for the OSA group and control.

OSA Controls

N % N % p-value

162,646 100.0 813,230 100.0

Leukemia 79 0.0486 285 0.0350 0.0099

Lymphoid 18 0.0111 43 0.0053 0.0071

Myeloid 7 0.0350 206 0.0253 0.0293

Unspecified 4 0.0025 36 0.0044 0.2579

OSA: obstructive sleep apnea.
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and the increased incidence of solid cancers such as prostate,

breast, uterus, lung, thyroid, and kidney, and malignant melanoma

[4,16]. Unlike “solid” cancers, hematopoietic cancers such as lym-

phoma or leukemia can be much more susceptible to repetitive

hypoxic conditions in OSA since hypoxic condition is an important

component of the bone marrow microenvironment and the he-

matopoietic stem cell niche. We previously evaluated this hy-

pothesis by using the same population database, the KNHIS, and

Fig. 2. Cumulative incidence plot of leukemia

A: All types of leukemia, B: Lymphoid leukemia, C: Myeloid leukemia, D: Unspecified leukemia. The horizontal axis is the year, and the vertical axis is the cumulative incidence of

leukemia.

Table 4

Hazard ratio of the OSA group to the control group for the incidence of leukemia.

Leukemia Type Number Event Duration Rate* Model 1 Model 2

All type Control 813230 285 3564562.8 0.080 1 1

OSA 162646 79 715292.0 0.110 1.38 (1.08 - 1.77) 1.35 (1.05 - 1.74)

Lymphoid type Control 813230 43 3564562.8 0.012 1 1

OSA 162646 18 715292.0 0.025 2.09 (1.20 - 3.62) 2.06 (1.18 - 3.60)

Myeloid type Control 813230 206 3564562.8 0.058 1 1

OSA 162646 57 715292.0 0.080 1.38 (1.03 - 1.85) 1.34 (1.00 - 1.81)

Unspecified type Control 813230 36 3564562.8 0.010 1 1

OSA 162646 4 715292.0 0.006 0.55 (0.20 - 1.56) 0.56 (0.20 - 1.58)

Model 1: not adjusted /Model 2: adjusted for income level, diabetes, hypertension, and dyslipidemia.

OSA: obstructive sleep apnea /* event /[1000 person x time (year)].

Hazard ratio was represented with 95% confidence interval (95% CI).

Table 5

OSA hazard ratio for the incidence of prostate cancer by age and sex.

Age Sex

20 � age <40 40 � age <65 65 � age Men Women

Controls 1 1 1 1 1

OSA 1.74 (0.98 -3.07) 1.38 (1.01 - 1.90) 0.96 (0.52 - 1.80) 1.32 (1.00 - 1.75) 1.52 (0.86 - 2.68)

The result is adjusted by income level, diabetes, hypertension, and dyslipidemia.

OSA: obstructive sleep apnea.

Hazard ratio was represented with 95% confidence interval (95% CI).
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found that the incidence of non-Hodgkin lymphoma was signifi-

cantly higher in among patients with OSA. (1.40 [1.16e1.69]) [17].

Men are more likely than women to develop leukemia. Age-

related loss of the Y chromosome in peripheral blood cells is a

common somatic event inmales andmay be associatedwith higher

risk of leukemia [18e20]. Hormonal differences between men and

women are also believed to be involved [21e23]. Interestingly,

among OSA patients, cancer is more common in women than in

men [13,14,16,24]. A previous study on non-Hodgkin lymphoma

and OSA revealed that it is a greater risk factor for women than

men, specifically in diffuse large B-cell type [17]. However, in the

current study, no significant difference in the incidence of leukemia

was found betweenmen andwomen. The exact reason is unknown.

Brenner et al. revealed that patients younger than 45 with se-

vere OSA have a significantly higher all-type cancer incidence,

including hematological cancers, than the general population [25].

This result coincides with our findings in that the hazard ratio was

highest in patients aged 20e40 years and gradually decreased with

age. Moreover, association between OSA and mortality from cancer

seems to be limited to younger patients [26]. The reasons why OSA

increases the incidence and mortality of cancer in younger patients

are unclear. One possibility is that elderly patients with a long-

term, intermittent hypoxia challenge could develop some

compensatory mechanisms to counteract intermittent tissue hyp-

oxia, resulting in a lower risk from cancer.

Mechanically, chronic intermittent hypoxia in OSA is thought to

play an important role in promoting hematopoietic cancer [27].

Recently, it has been shown that hypoxia contributes to chemo-

therapy and radiotherapy resistance in leukemic cells and that

hypoxic areas are associated with leukemia progression [28].

Moreover, leukemic cells from the bone marrow have shown an

overexpression of a key marker, hypoxia-inducible factor-1a.

Hypoxia-inducible factor-1a is degraded by the 26S proteasome

under normoxic conditions, while it can be stabilizedwith hypoxia-

inducible factor-1b and activated under hypoxic conditions. In-

teractions between leukemia cells and the bone marrow microen-

vironment are recognized to promote leukemia cell survival [29].

Our results also found that the lymphoid leukemia occurs more

frequently in OSA patients. Myeloid subtype affects granulocytes or

monocytes, while lymphoid subtype mainly affect the lymphocytes

that orchestrate the immune system [30]. Since OSA can directly

affect the immune response, the lymphoid type might be more

susceptible than the myeloid type to the effects of OSA.

This study has several limitations. First, all diseases were

defined based on ICD codes and the prescribing record only,

without clinical information. However, it was confirmed that the

prevalence of each defined disease and the actual disease was very

similar [10e12], although some inaccuracies are expected. In the

case of OSA, polysomnography data were not available; therefore,

the diagnostic accuracy or the severity could not be analyzed. The

effect by the duration of OSA symptoms could not be investigated.

Second, information on positive airway pressure treatment was not

available. As such, it was impossible to analyze the treatment effect.

Importantly, there have been reports on potential carcinogens from

certain devices, which may have influenced the occurrence of

leukemia [31]. Third, the analysis did not adjust for potential con-

founding factors of cancer risk, such as lifestyle (smoking and

alcohol consumption), nutritional status, physical activity, marital

status, education, shift work, and genetic predisposition. Finally,

leukemia was broadly classified into lymphoid or myeloid subtypes

in this study. We found the hazard ratio of the lymphoid type was

greater than that of the myeloid type, but it would be interesting to

further examine the influence of OSA on each subtype such as AML,

ALL, CML, and CLL.

Despite these limitations, this study has strength due to the

magnitude of the dataset covering nearly the entire population.

Moreover, we show that leukemia is linked to OSA, and that

younger patients under 40 years aremore susceptible. These results

suggest that a link between cancer and OSA may play a crucial role

in determining the impact of sleep on indirect biomarkers of cancer

activity, with the rapid development of cancer biomarkers in the

near future.

5. Conclusions

The incidence of leukemia was significantly higher in patients

with OSA than in controls, and this association appears to be

stronger in young patients. In particular, the incidence of lymphoid

leukemia was higher than that of myeloid or unspecified leukemia.
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